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[bookmark: _Toc203375380]ABSTRACT
Burners play an integral role in oil and gas well pads. They generate the heat necessary for separating the oil, gas and water mixture and to keep the gases in their vapor phase during transportation through pipelines. Burners typically use a portion of the gas coming out of the ground as the fuel to produce the flame for heating. The gases extracted from the ground enter the burner skid (commonly referred to as burner fuel train) at a high pressure and hence they need to be pressure controlled for use in burners. This work is on fabrication of an industrial gas burner.




i

[bookmark: _Toc203375381]CHAPTER ONE
[bookmark: _Toc203375382]1.0	Introduction
[bookmark: _Toc203375383]1.1	Background to the Study
The gas cooker (stove) is a cooker that is fuelled by flammable gas such as, natural gas, propane, butane, syngas, liquefied petroleum gas or other combustible gas. Now, of course when you hear the word “industrial”, what first comes to mind is large scale, you’d be right if you thought that. Essentially, an Industrial gas cooker would need to be bigger in size, be able to produce output results on a much larger scale, in comparison to its younger brother, the Domestic gas cooker, whose output results would be on a much smaller scale.
Developing countries still heavily depend on biomass energy resources such as charcoal, agricultural wastes and firewood as the main sources of cooking fuel. Although other sources of cooking fuels such as Liquefied petroleum gas (LPG) and kerosene are used in some households, charcoal and firewood are the most commonly used sources of cooking fuel.
Looking at our own country, Nigeria, she is just an example of a developing country that still depends on biomass energy resources. We see cases of that in some households, even commercial food sellers, or is it the lady down the street that you would usually buy your bean cakes from.
However, while some would argue that the food prepared with firewood is “sweeter” than that prepared with gas, it is important to know and consider some other factors like the fact that wood., charcoal and kerosene are attributed to health and environmental challenges such as issues of deforestation and emission of greenhouse gases (GHG) during carbonization of charcoal and wood fuel. For instance, about 7.2 and 9.0 kg CO2 equivalent is released to the environment for every 1 kg of charcoal produced. The emitted GHG is responsible for different conditions such as acute infections of the lower respiratory truck amongst young children and chronic obstructive pulmonary disease in adult women as the two groups spend more time in the kitchen. Using firewood for cooking in open fires such as three stones stoves produces 100 times more fine particulate matter responsible for more than half the deaths of children below age of five. According to World Health Organization (WHO) risk assessment hased on results of different published research findings, solid fuels are responsible for 800.000 to 2.4 million premature deaths each year. To deal with the health and environmental problems associated with the use of firewood, charcoal and kerosene, both rural and urban households should adopt the use of LIP gas as cooking fuel since it is clean source of fuel hence does not cause health-related and environmental related problems. Gas is not only environment friendly, but is also affordable when used in form of biogas. LPG has also been proven to be more economical than conventional sources of fuel. 
Although cooking using LIP gas is economical than conventional sources of fuel, the former is expensive and inaccessible for most households in third World countries. This is because most gas cookers are imported thus households require substantial capital to buy I.P gas cooker and cylinder thus limiting its use as cooking fuel. Therefore, there should be initiatives aimed at reducing the overall cost of purchasing LPG hardware such as gas cooker, thus, this project work. The construction of an Industrial gas cooker a project topic that I am about to embark upon become necessary as a way of way of putting into application the engineering and technological knowledge acquired so far. It is a starting point of actualizing a much needed functional technology in the country. Irrespective of the fact that there are several breeds of gas burners in the market, especially the ones imported. I deemed it necessary to work further on it as a way of modifying the brand with cast not left out in such modification, with the objective of making gas cheaper and the most stable source of cooking fuel for rural and urban households thus climinating health and environmental problems associated with conventional sources of cooking fuel.


[bookmark: _Toc203375384]1.2 	Problem Statement
The rate of deforestation and emission of greenhouse gases, as well as the price of these other energy sources will continue to increase. Therefore, in order to help the consumer financially and health wise, it becomes massively important to develop an effective and efficient industrial gas cooker with locally sourced materials to make it affordable for purchase. Also, it will have to be very safe for the consumer. Being that the gas cooker is being developed for industrial purposes, speed is an important factor to consider; as such two burners would have to be accommodated.
[bookmark: _Toc203375385]1.3 	Aim
The aim of this project is to design and fabricate a two-face Industrial gas cooker.
[bookmark: _Toc203375386]1.4 	Objectives
The objectives of this project include:
i. To design a two-face industrial gas cooker.
ii. To design components of an industrial gas cooker
iii. To fabricate and evaluate the performance of a two-face industrial cooker.
iv. To eliminate the stress of using solid fuel, thus making the cooking process more efficient..
[bookmark: _Toc203375387]1.5	Significance of Study
The significance of this project sincerely cannot be over emphasized. This project study would enable prospective engineers and the diaspora to understand the principle of operation of the gas cooker. This project would be immensely valuable to those in the cooking industry, as it will help improve the combustion process, specifically:
· It would hasten the cooking process being that it is a two-face cooker, so both burners can be used alongside each other.
· It can be used for commercial purposes, clearly because it is industrial and thus can be used for large scale purposes.
· It does not form soot on the utensil used on it since the atomization and vaporization of the gas helps it burn properly in the presence of oxygen.
[bookmark: _Toc203375388]1.6	Scope of Study
This project presents the design for a two-face industrial gas cooker with no oven or any box attached. It will be designed and fabricated using local and readily available materials such as aluminium and steel.
[bookmark: _Toc203375389]1.7 	Limitation of Study
There are several limitations to the design and fabrication of the cooker, some of which include,
· The gas cooker can be dangerous when not properly handled..
· Leakage of gas can lead to a fire explosion if not checked on time
[bookmark: _Toc203375390]1.8	 Keywords
Gas cooker/stove: this is a cooker in which natural gas, propune butane, liquefied petroleum gas or other flammable gas are used as a source of heat or fuel source.
Fabrication: Fabrication is the process of making something from semi-finished or raw materials rather than from ready-made components.
Recycled Materials: Recyclable materials include many kinds of glass, paper, cardboard, metal, plastic, tires, textiles, batteries, and electronics.
Cooking Fuel: Kerosene is used in kerosene lamps and as a fuel for cooking, heating, and small engines. Natural gas, composed chiefly. of methane, can only exist as a liquid at very low temperatures (regardless of pressure), which limits its direct use as a liquid fuel in most applications.
Gas burner: this is the main part of the cooker where combustion actually takes place to release heat. There is gas delivery line, which leads to it in addition to an adjustment to control the rate of atmospheric air mixing the natural gas.
Gas cylinder: this is the component of the gas burner that contains the gas fuel through which hose as connected to the copper pipe of the burner through the gas passes to the bumer for combustion.
Linkage pipe: this is the pipe line through which natural gas flow to the burner. One is lined along the frame of the burner.
Control knob or valve: it is an essential component of the gas burner and it is to regulate the volume or amount of natural gas flowing to the burner
Hose: this serves as a link hetween the copper tubing and the control value of the burner.
The angle bar: this is used in constructing the frame of the gas burner.




[bookmark: _Toc203375391]CHAPTER TWO
[bookmark: _Toc203375392]2.0 	Literature Review
[bookmark: _Toc203375393]2.1 	Historical Background
The first gas stove was developed on 8 March 1802 by Zachaus Winzler, but this along with other attempts remained isolated experiments. James Sharp patented a gas stove in Northampton, England in 1826 and opened a gas stove factory in 1836. His invention was marketed by the firm Smith & Philips from 1828. An important figure in the early acceptance of this new technology was Alexis Soyer, the renowned chef at the Reform Club in London. From 1841, he converted his kitchen to consume piped gas, arguing that gas was cheaper overall because the supply could be turned off when the stove was not in use.
A gas stove was shown at the world fair in London in 1851, but it was only in the 1880s that the technology became a commercial success in England. By that stage a large and reliable network for gas pipeline transport had spread over much of the country, making gas relatively cheap and efficient for domestic use. Gas stoves only became widespread on the European Continent and in the United States in the early 20th century.
Early gas stoves were rather unwieldy, but soon the oven was integrated into the base and the size was reduced to fit in better with the rest of the kitchen furniture In the 1910s, producers started in enamel their gas stoves for easier cleaning.

[image: ]
Figure 2.1:Larly gas stoves produced by Windsor. from Mrs. Beeton's Book of Household Management, 1904
[bookmark: _Toc203375394]2.2 	Natural Gas
The challenges of effectively burning natural gas date back much further than one might think. Natural gas seeps were first discovered in China as early as 900 В.С. surprisingly, natural gas was not discovered in the United States until around 1815 during the digging of salt brine well in Charleston, W.V., and it was not until 1886 when natural gas was first discovered in the north-eastern states.
Some of the early issues with burning natural gas for industrial use included difficulty in keeping the Name consistently lit and achieving the higher temperatures necessary for melting glass and metals
“As early as the 1500s a chemist named T.R. Bunsen invented a burner that produced a very hot and practically non-luminous flame by permitting air to enter at the base of the burner to mix with gas before igniting." It was not until the early 1900s, however, that these principles of premixing gas and air were applied to industrial burners.
Even in those early days, it was understood that the precise mixture of gas and air had a major effect on the flame and its efficiency. For as long as natural gas has been used in industrial combustion, the same question is still being asked today. how should natural gas be burned to get the most efficiency out of a system?
In Nigeria, previous focus on producing natural gas mainly for export (LNG) is gradually being replaced with one that also accommodates gas production for domestic use (ic for cooking and for power generation and manufacturing sectors). There have been modest achievements in gas production so far. Total average gas production increased from 7.7 billion standard cubic feet of gas per day (sefd) in 2011 to 8.24 billion sefd in 2012. which translates to a 7% increase. There is also a decrease in gas flare to about 10% compared to 30% in 2010. Domestic gas supply has peaked at 1.5 billion sefd currently. Natural gas continues to gain a strong foothold globally production techniques are increasing availability, lowering costs and making it more attractive for industrial combustion use. The industrial sector currently consumes 27% of the natural gas in the U.S., with projected increases of 6.25% between 2014 and 2021. The largest use of natural gas by the industrial sector is 42% for process heating, and the second largest use is boilers at 225.
According to an article. Alter, 2018, which is more energy efficient gas or induction? When it got right down to the cooking, ignoring the source of the energy and the air quality issues. Gas was going to be faster and more efficient.
[image: ]
Figure 2.3 Comparing Gas and Induction
He found that boiling a quart of water on an induction range took significantly less time, and therefore consumed fewer BTUs of energy (992 BTUs fur gas, 430 BTUs for electric induction)
[bookmark: _Toc203375395]2.4 	Types of Gas Cookers
[image: ]
Figure 2.4: Industrial Gas Burner
Portable cooker
A portable cooker is a cooking stove specially designed to be portable and lightweight, as in camping, picnicking, backpacking, other use remote locations where an easily transportable means of cooking or heating is needed. Portable stove can be used in diverse situations, such as for outdoor food service or catering and also in field hospitals. Since the invention of the portable stove in the 19th century, a wide variety of designs and models have seen use in a number of different applications. Portable stoves can be broken down into several broad categories based on the type of fuel used and stove design: unpressurized stoves that use solid or liquid fuel placed in the burner before ignition, stoves that use a volatile liquid fuel in a pressurized burner, bottled gas stoves, and gravity-fed "spirit" stoves.


[image: ]
Figure 2.4.1 Portable cooker
Charcoal cooker/stoves
Stove continued to evolve and charcoal began to replace wood as the burning material in stoves. These stoves had flat tops and the heat was concentrated on one side of the stoves top so that cooks could cook things at different temperatures based on where the pot or pan was located.
Electric cooker stoves
Once electric power was widely and economically available, electric stoves became a popular alternative to fuck-burning appliances. The first electric stoves use heating elements made of high-resistance metal to produce heat. The cooktop (range) surface had one or more circular heating elements, insulated with compressed magnesia and sheathed in a spiral metal tube. Heating elements for the oven are of similar construction but an elongated loop to distribute heat. Elements were made as plug-in consumer-replaceable parts and could also be easily removed for cleaning. Temperature of cooking elements was regulated by adjusting a bimetal thermostat control switch, which switched power on and off to control the average heating effect of the elements,
[bookmark: _Toc203375396]2.5 	Gas Burner
A gas burner is a device that produces a controlled flame produces a controlled flame by mixing a fuck gas such as acetylene, natural gas, or propane with an oxidizer such as the ambient air or supplied oxygen, and allowing for ignition and combustion. The flame is generally used for the heat, infrared radiation, or visible light it produces. Some burners, such gas flares, dispose of unwanted or uncontainable flammable gases. Some burners are operated to produce carbon black
The gas burner has many applications such as soldering, brazing and welding, the latter using oxygen instead of air for producing a hotter flame, which is required for melting steel. Chemistry laboratories use natural-gas fueled Bunsen burners are commonly used in gas stoves and cooktops. For melting metals with melting points of up to 1100°C (such as copper, silver and gold), a propane burner with a natural drag of air can be used. For higher temperatures, acetylene is commonly used in combination with oxygen.
[image: ]
Fig 2.5 Gas Burner
[bookmark: _Toc203375397]2.5.1	Types of Gas Burners
Gas burners have become a major part of our life. Whether it’s a mere light snack or a complete meal, there’s not much better option that gas stove available around. Microwave’s food is often bland and tasteless whereas gas stoves provide better heating and control while cooking the food.
Gas burners make the major part of the gas stove as they provide the heating element and helps provide the flame to heat the meal. There are generally three major types of gas burners which we’ll discuss down below along with their uses and benefits. The three main types of gas burners include;
Standing pilot: some gas burners have a standing pilot, which means a flame is constantly burning beneath the cook top. While this is a simple design, the standing pilot consumes more energy than other gas burners,
Electric ignition: gas burners with electric ignitions are the most common. Electric sparks ignite the burners, briefly producing a clicking noise. The resulting flame can be regulating by a knob on the cooker.
Sealed burners: sealed burners may not burn as hot as the other two types of burners. However, they are fused with the cook top and surrounded by a howl that catches spills and debris. They are easier to clean than most burners
[bookmark: _Toc203375398]2.6	Types of Gas Pipes
There are several types of materials approved for gas work. The codes for the local jurisdiction should always be checked hut in general; steel pipes, copper pipes. yellow brass pipe, ductile iron, aluminium pipe. PVC pipes. PE pipes may be used.


Steel Pipes
Steel pipes can be used above ground as long as corrosion due to the environment and the conveying gas is of no problem. Steel pipes and copper pipes are the most common materials used inside buildings.
Copper Pipes
Copper pipes used in gas systems should be of type L or K and approved for gas
Yellow Brass Pipes
Yellow brass pipes may be approved for inside installations.
Aluminium Pipes
Aluminium pipes should not be used in the ground. Aluminium is not approved in all jurisdictions.
Ductile Iron
Ductile iron pipes may be approved in some jurisdiction for underground work.
PVC Pipes
PVC-Polyvinyl Chloride pipes may he used in pipelines buried outside a building.
PE Pipes
PE-Polyethylene-pipes may be used in pipelines buried outside a building.
Flexible Connectors
Flexible connectors are used to connect appliances to gas sources. Flexible connectors must be approved.
[bookmark: _Toc203375399]2.7	Reviews on Selected Materials
Mild Steel
Mild steel, also called plain-carbon steel is the most common form of steel because its price is relatively low while it provides material properties that are acceptable for many applications. Low carbon steel contains approximately 0.05 0.15% carbon and mild steel contains 0.16-0.29% carbon, making it malleable and ductile, but it cannot be hardened by heat treatment. Mild steel has a relatively low tensile strength, but it is cheap and malleable: surface hardness can he increased through carburizing.
It is often used when large quantities of steel are needed, for example as structural steel. The density of mild steel is approximately 7.85 g/cm3 (7850 kg/m3 or 0.284 Ib/in3) and the Young's modulus is 210 GPa (30,000,000 psi).
Low carbon steel suffer from yield-point run out where the material has two yield points. The first yield point (or upper yield paint) is higher than the second and the yield drops dramatically after the upper yield point. If a low carbon steel is only stressed to some point between the upper and lower yield point then the surface may develop under bands. Low carbon steel contain less carbon than other steels and are easier to cold-form, making them easier to handle.
Aluminium
Aluminium (or aluminium) is a chemical element in the boron group with symbol Al and atomic number 13. It is silvery white, and it is not soluble in water under normal circumstances. It is the third must abundant element (after oxygen and silicon), and the most abundant metal, in the Earth's crust.
It makes up about 8% by weight of the Earth's solid surface. Aluminium metal is so chemically reactive that native specimens are rare and limited to extreme reducing environments. Instead, it is found combined in over 270 different minerals. The chief ore of Aluminium is bauxite. It is remarkable for the metal's low density and for its ability to resist corrosion due to the phenomenon of passivation. The most useful compounds of Aluminium, at least on a weight basis, are the oxides and sulfates.

Despite its prevalence in the environment. Aluminium salts are not known to be used by any form of life. In keeping with its pervasiveness, Aluminium is well tolerated by plants and animals. Owing to their prevalence, potential beneficial (or otherwise) biological roles of Aluminium compounds are of continuing interest.
Zine Aluminium
Zinc-Aluminium (7.4) alloys are alloys whose main constituents ure zinc and Aluminium. Other alloying elements include magnesium and copper. This type of alloy was originally developed for gravity casting. They were designed in compete with bronze, cast iron and Aluminium using sand and permanent mold casting methods. Distinguishing features of 7A alloys include high as-cast strength, excellent bearing properties, as well as low energy requirements (for melting).
ZA alloys make good bearings because their final composition includes hard eutectic zine-Aluminium-copper particles embedded in a softer zinc-Aluminium matrix. The hard particles provide a low-friction bearing surface, while the softer material wears back to provide space for lubricant to flow, similar to Babbitt metal.
The numbers associated with the name represent the amount of Aluminium in the alloy (G.e. 748 has 8% Aluminium).
[bookmark: _Toc203375400]2.8 	Welding
Welding is a fabrication or sculptural process that joins materials, usually metals or thermoplastics, by causing coalescence. This is often done by melting the work pieces and adding a filler material to form a pool of molten material (the wold pool) that cools to become strong joint, with pressure sometimes used in conjunction with heat, or by itself, to produce the weld. This is in contrast with soldering and bracing, which involve melting a lower-melting-point material between the work pieces to form a bond between them, without melting the work pieces.
Many different energy sources can be used for welding, including a gas flame, an electric are, a laser, an electron beam, friction, and ultrasound, While often an industrial process, welding can be done in many different environments, including open air, under water and in outer space. Regardless of location, however, welling remains dangerous, and precautions must be taken to avoid burns, electric shock, eye damage, poisonous fumes, and overexposure to ultraviolet light.
[bookmark: _Toc203375401]2.9 	Review of Past Work
An initial review of the literature showed a large number of patents on the subject of gas burners. The research publications are largely on effort to increase the use of locally and readily available materials in order to greatly reduce the cost of production of the gas burner and to boost the country's economy by eliminating the need for the importation of gas cookers. However, the essence of this literature has not been pushed far enough seeing as gas cookers are still being imported in a country where there are bountiful resources available for construction and more than willing and ready engineers such as myself, available to design and even improve on the already existing technology.
Jecko, 2018 tackled the problem of adapting a gas burner controller to a household slave. The proposed new system was controlled by an industrial burner controller. with a standard automatic ignition system and a solenoid valve to control the flow of the gas. The gas burner was implemented and tested successfully under different conditions that may lead to an accident. This stove can be deployed anywhere where gas is used and will avoid explosions resulting from leakages of gas. The burner worked well without any interruption, compared with other available gas stove, it is easy to use and efficient.
Maina, 2018 took upon the task of designing and fabricating a gas cooker using revealed and readily available materials. The similarities of our respective projects go without saying. The test results of the cooker indicated that the efficiency and working conditions of the cookers were within the range of commercially imported gas cookers/stoves available in the market
Charles, 2019 carried out a project deals with the construction and fabrication of a two face gas burner. The results obtained show that an average efficiency, minimal efficiency, optimal efficiency of 56.894 %, 46.02%, and 63.87% respectively were obtained. Also, an average mass of water of 3.5 kg. an average evaporated mass of water of 0.0208 kg, and an average mass of fuel of 0.0551 kg were obtained. With this designed and adoption of two face biogas fuel stove as means of cooking, the usage of wood and fossil fuel will be reduce, thus preventing the liberation of hazardous gases to our eco-system and increases cooking speed.
Ray N. H. 2016 undertook a project to design and develop a biogas production. purification, compression and storage system suitable for the use as a cooking gas in rural households. The final prototype is able to compress the biogas to approximately 4bar in a 0.5m tank. The result showed that the system could compress biogas into a container, 4har pressure and operating time of 30min,
Buri, 2001 presented a study of the Thermal efficiency improvement of an TPG gas cooker by a swirling central flame. The experimental results showed that the thermal efficiency of the swirling central flame burner with conventional support is approximately 15 per cent higher than that of the conventional radial flow burner. This can be attributed to the higher heat transfer coefficient between hot flue gas and vessel surface of the swirl burner than that of the conventional ame. By replacing the conventional support of the developed swirl burner with a lighter one. Whose mass was reduced by a factor of 3.7, the thermal efficiency could be increased by about 3 per cent. By using the proposed preheating secondary air support instead of the light support, the thermal efficiency could be further improved by 3 per cent. The predicted thermal efficiency obtained from the proposed model showed good agreement with the experiment.
Wagner, 2010 experimentally studied the formation of submicron particles from a domestic gas cooker in a compartment free from external particle sources. The experiments confirmed reports from literature that blue burning flames of domestic gas cookers emit submicron particles. The particle number concentrations varied in the range 103 106 particles/cm3, depending on the fuel, flow rate, and primary air addition. The diameters of the emitted particles were found to have a mean value of about 7 am for partially premixed flames, increasing to 10 am for non-premixed flames. The quantity of primary air had a strong impact on the particle emissions showing a minimum at a primary aeration level of 60 65%. Presence of sulphur in small quantities may enhance particle formation under some conditions, but results were not conclusive.
Chen, 2019 conducted an experiment on the combustion performance of domestic gas cooker with swirling strip-port and normal round-port on various natural gas. Through experimental test, when natural gas sources are substituted, normal round-port gas cooker is better than swirling strip-port gas cooker on aspect of thermal efficiency performance and CO emission response, appearing much more low thermal efficiency and high CO emission test samples of swirling strip-port gas cookers. The unqualified thermal efficiency and CO emission test percentage of swirling strip-port samples is often higher than normal round-port samples. In term of NO, emission, swirling strip-port samples performs very well which can effectively control NO, emission in a suitable range and improve gas cooker's adaptive capacity, when natural gas is interchanged. It is easier to qualify CO emission with low NO, emission for swirling strip-port gas cookers, though it will sacrifice a part of thermal efficiency. As well as normal round-port gas cookers are easier to qualify CO emission with high thermal efficiency. The burner head design structure parameters of normal round-port gas cookers which can well adapt natural gas interchange are port thermal intensity in 7.2-8.4 W/mm2 and structure factor c in 30 40, while the burner head design structure parameters of swirling strip-port gas cookers which can well adapt natural gas interchange are port thermal intensity in 8.0 11.5 W/mm2 and structure factor e in 35 45.



[bookmark: _Toc203375402]CHAPTER THREE
[bookmark: _Toc203375403]3.0	METHODOLOGY
[bookmark: _Toc203375404]3.1 	RESEARCH METHODOLOGY
The project started with the research to understand the basic principle of an industrial gas cooker. The research includes review of different types of cookers, its parts and how it works. 
The industrial gas cooker consists of the dimension--- metals welded together to form the frame, which serves as the house for the other components, such as the burner, pan supports, etc,
There are many numbers of industrial gas cooker types and arrangements available in the commercial market. As shown in the images below.
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This study is centered around the industrial gas cooker und unlike domestic cookers, industrial cookers are usually being moved around because they are mostly used by caterers for large scale food preparation for various events and such. So therefore, striking a balance between the weight, by means of thickness of materials used and case of mobility is very important, being that if the weight is too light, it's less hard to move around hat this might reduce the life span. But if it is too heavy, it becomes less functional.
This study aimed, not to copy, already existing designs. The already existing designs were analyzed and upon gathering information from the major consumers of this product in combination with an engineer's perspective, modifications were made to the design in order to set it apart from other preexisting designs and to provide more satisfaction to the consumers. The modifications made include:
· H
· H
· H
· H
· H
· H 
In order to proceed with this project, the conceptual design of the industrial gos cooker is constructed and designed by using software. The figure 3.1 shows the finalized conceptual design of the industrial gas cooker. The design of the industrial cooker is bused on the design of cookers that are in the market, but a modified version.
[bookmark: _Toc203375405]3.2 	Design Analysis
The design analysis of an industrial gas cooker using readily available material involved gathering information on parts used in making a gas cooker, analyzing the parts and choosing the ones that increased the strength, rigidity and efficiency of the cooker, and suggesting alternative materials where necessary. The design was done to ensure that the cooker withstands normal usage, that the life span of the cooker is extended, to make it bypass some of the limitations of the pre-existing models, using simple tools thus making the cooker cheap, and also putting the aesthetics in consideration, making it appear to look premium in order to deal with the economical and psychological aspects of humans when it comes to buying and selling. When something appears to look expensive, it generally increases its desirability and coupled with affordability, consumers will tend to purchase it more.
[bookmark: _Toc203375406]3.2.1 	Analysis of Parts of the Gas Cooker
The burner
The burner was made of two parts which were purchased from local supplier. The bottom part which was cast from serves as fixing point for mixing tube. This part was designed with a cylindrical tube to facilitate reduction of pressure. The top part of the burner was machined from 
The frame
The frame is divided into two parts, the top part and the bottom part. The top part houses The frame was fabricated from which was cut into correct dimensions and sizes. The top part was joined together through welding process, and by means of bolts and nuts other to achieve a detachable frame. At the back and the sides, a metal covering was welded to the frame, to reduce the effect of the wind on the fire, and consequentially, the cooking process. It also increases the stability and rigidity of the cooker.
Analysis of stresses in welded joints
							(1)
		(2)
The Pan Supports
The gas in a flame must be at a high temperature for the combustion reaction to proceed. If the flame is cooled, the reactions are "quenched" and the reactions are incomplete. The correct positioning of the object to be heated (eg. a pot of food to be cooked) above the flame is therefore important. If the object is too close to the flame, the flame is quenched and the combustion is incomplete and the efficiency of the stove is reduced. If the object is too far away from the flame, heat is lost lo the atmosphere and the stove is again less efficient. The best position for the base of the object being heated is just above the tip of the visible flame, just outside the outer mantle, above the hottest part of the flame.
The pan supports were welded and attached to the top of the gas cooker. The purpose of pan supports is to facilitate the positioning of pots and pans on top of the burner. In this project, the supports were fabricated using million 25m, each attached to the inner edges each, of the frame, chamfered at 45 degrees to direct the flame towards the central point of the pot or pan being heated. The support pieces were welded to ensure that they flush with horizontal surface of the frame. This aimed at ensuring stable resting of the pan on top of the burner. 
Copper tube
Copper tubes facilitate the now of T.P us to the burner. Copper lubes were selected from the range of tubes available in the market. The choice was hased un copper properties such as corrosion resistant and good machinability. The copper tube was designed in two parts joined together by a control.
Mixing tube/pipe
A mixing pipe 180 rom in length with e diameter of 32 mam and an inside diameter of 24 mm with a slot of 40 mm on one side that is fixed with an adjustable socket screw (regulator) that lets in air. The regulator helps to achieve the proper ratio of air to gas in order to obtain the type of flame required for cooking process. The pipe had a nozzle made from brass and fixed at the free and of the pipe. The other end of the pipe was fixed to the bottom part of the burner, which is a gas tight. The pipe was Fabricated using mild steel with higher expansivity.
Stress analysis of the pipe
The pipe undergoes tangential and radial stresses due to the gas internal pressure. These are determined by Lame's equation, tangential stress at any radius x.
							(3)
And radial stress at any radius x.
							(4)
Where
P Internal fluid pressure in the pipe
R Inner radius of pipe
Outer radius of pipe
Tangential stress
Er. Radial stress
The tangential stress is maximum at the inner surface (when x rid of the pipe and minimum at the outer surface (when xr of the pipe. Substituting the values of when and when x rain the equate (3), maximum tangential stress at the inner surface of the pipe is given by Equation (5).
						(5)
						(6)
From the equation it can be concluded that the radial stress is maximum at the inner surface of the pipe and zero at the outer surface of the pipe. Substituting the values of when x = r1 and x=r0 into equation (4), the maximum radial stress at the inner surface is given as:

Design of the pipe
The design of the pipe involved the determination of the inside diameter of the pipe and its wall thickness. The inside diameter of the pipe depends upon the quantity of fluid to be delivered.
						(7)
Where D Inside diameter of the pipe. V=Velocity of flow per minute QQuantity of fluid per minute. A- Area of the pipe, Therefore D can be expressed as: 01.13 (8) Wall thickness is critical in withstanding the pressure of fluid. Pressure (P) may be obtained by using thin cylindrical or thick cylindrical formula. The cylindrical formula may be used when:
i. 	Stress across section of the pipe is uniforms.
ii. 	Internal diameter of the pipe is more than 20 times wall thickness i.e .>20
iii. 	The allowable stress (σt) is more than 6 times the pressure inside the pipe (1) ic>6
(P) i.e 
Selection of nozzle (jet)
The purpose of nozzles in LPG installations is to impact enough momentum from the mixing tube to enable the gas to reach the burner without any leakage. To achieve this, this project used a convergent type of nozzle (see Fig. 2.4)

[image: ]
Figure 2.4: Convergents LP gas Nozzle
The convergent nozzle was designed to facilitate the entry of gas at point A at low pressure PA and leaves the nozzle at point B at very high velocity VB. The high velocity VB implies lower pressure at point B thus forcing air up the pipe to mix with I.P gas. The momentum of the jet curries the mixture through the mixing tube which acts as a diffuser whereby the velocity decreases and the pressure increases to the outlet valve at the burner head. The aeration slot can be varied with an adjustable socket screwed onto the burner tube CCPV Where C. exit velocity Pabsolute pressure at gas inlet C, critical velocity at throat V specific volume of LPG gas.


COST ESTIMATE FOR THE PROUDCTION OF INDUSTRIAL BURNER
	NO
	MATERIALS 
	QUANTITY
	UNIT COST
	TOTOAL PRICE

	1.
	50 x 50 x 5mm angle iron
	1 length 
	20,000
	20,000

	2.
	1.2mm mild steel plate
	½ sheet
	20,000
	10,000

	3.
	3mm mild steel plate
	½ sheet 
	70,000
	8,750

	4.
	Industrial burners
	2no 
	10,000
	20,000

	5.
	Bolts and nuts
	1doz 
	1,000
	1,000

	
	
	Total 
	= 59, 750
	

	NO 
	CONSUMABLE MATERIALS 
	QUANTITY 
	UNIT COST
	TOTAL PRICE

	1.
	Electrode 
	½ pack
	8000
	4000

	2.
	Grandly disc
	1 no
	2000
	2000

	3.
	Cutting disc
	1 no
	2000
	2000

	4.
	Body filler
	½ cup
	1000
	1000

	5.
	Paint
	1 litre
	6000
	6000

	6.
	Filler wire
	¼ Pack
	400
	400

	7.
	Sand paper
	1 sheet
	400
	400

	8
	Overhead cost
	-
	-
	5,000

	
	
	
	TOTAL
	29,000

	
	
	
	Cumulative Cost
	

	
	
	
	59,750+29,0000
	=88,750





[bookmark: _Toc203375407]CHAPTER FOUR
[bookmark: _Toc203375408]4.1	Major Components of Burner
Industrial gas burners operate based on the principles of fuel combustion, mixing fuel and air in the correct proportions to achieve efficient combustion and heat generation. Key components of an industrial burner include:
1. Fuel Supply:
· Industrial burners can be fueled by various sources, including natural gas, propane, oil, or a combination of fuels.
· The fuel supply system ensures a consistent and reliable flow of fuel to the burner.
2. Combustion Chamber:
· This is where the fuel and air mix and burn.
· The combustion chamber is carefully designed to achieve complete combustion and maximum heat transfer while minimizing emissions.
3. Ignition System:
· Industrial burners require an ignition system to initiate the combustion process.
· Common ignition methods include electric ignition, pilot burners, or spark ignition systems.
4. Controls and Safety Mechanisms:
· Modern industrial burners feature advanced control systems that enable precise modulation of heat output, ensuring optimal performance and energy efficiency.
· Safety mechanisms, such as flame monitoring systems and pressure sensors, are integrated to prevent accidents and ensure operational reliability.




[bookmark: _Toc203375409]4.2	Applications of Industrial Burners
Industrial burners find applications in a wide range of industries, including:
1. Power Generation: Industrial burners are widely used in power plants to generate steam for electricity production. They provide the heat necessary to convert water into steam, which drives turbines to generate electricity.
2. Chemical and Petrochemical Industry: Industrial burners play a crucial role in chemical and petrochemical processes such as refining, distillation, and cracking. They provide the heat required for chemical reactions and process heating.
3. Metalworking: In metalworking applications, industrial burners are utilized for tasks such as metal melting, heat treatment, and metal forming. They enable precise temperature control, ensuring consistent quality and efficiency in metalworking processes.
4. Food Processing: Industrial burners are employed in various aspects of the food processing industry, including baking, drying, roasting, and sterilization. They provide the necessary heat for cooking and processing food products.
[image: Wall fired Premixture Burners in fired heaters]
[bookmark: _Toc203375410]4.3	Benefits of Industrial Gas Burners
1. Enhanced Efficiency:
· Industrial burners are designed to achieve high combustion efficiency, resulting in minimal waste and optimal use of fuel.
· This translates into reduced energy consumption and cost savings for industrial operations.
2. Precise Control:
· Modern industrial burners are equipped with advanced control systems that allow precise modulation of heat output.
· This enables operators to adjust heat levels as per process requirements, ensuring optimal temperature control and minimizing product defects.
3. Environmental Sustainability:
· Low-NOx burners, a type of industrial burner, are designed to minimize nitrogen oxide emissions, contributing to environmental sustainability.
· By reducing emissions, businesses can comply with stringent environmental regulations and reduce their carbon footprint.
4. Reliability and Safety: Industrial burners are built to withstand demanding industrial environments and offer robust
[bookmark: _Toc203375411]4.4	Significance of Industrial Burners
1. Energy Efficiency: Industrial burners play a vital role in improving energy efficiency in various industrial processes. By precisely controlling the combustion process, burners maximize fuel utilization and minimize energy waste, resulting in significant cost savings.
2. Environmental Sustainability: With growing environmental concerns, industrial burners have evolved to meet stringent emission standards. Advanced burner technologies help reduce pollutants and greenhouse gas emissions, promoting cleaner and more sustainable industrial practices.
3. Process Optimization: Industrial burners allow precise control over temperature, flame shape, and intensity, enabling industries to optimize their processes for improved product quality, reduced cycle times, and enhanced overall productivity.
4. Safety and Reliability: Industrial burners are designed with safety features and undergo rigorous testing to ensure reliable and safe operation. Their advanced control systems and monitoring capabilities minimize the risk of accidents and ensure stable combustion conditions.
· Industrial burners are unsung heroes that generate the controlled heat necessary for numerous industrial processes. From manufacturing and energy production to refining and food processing, these devices offer unmatched versatility and efficiency.
· As industries continue to seek sustainable and efficient solutions, advancements in burner technologies will play a crucial role.
· With a focus on energy conservation, emission reduction, and process optimization, industrial burners will remain a key driving force behind the progress of modern industrialization.
[bookmark: _Toc203375412]4.5	Advantages of Gas Burners
1. Environmental Impact:
· The primary advantage of gas burners is their significant reduction in nitrogen oxide emissions.
· By adopting these burners, industries can contribute to improved air quality and reduce their ecological footprint. Gas emissions help in mitigating the formation of smog, acid rain, and the depletion of ozone in the atmosphere.
2. Regulatory Compliance:
· Stringent environmental regulations have compelled industries to seek ways to reduce their emissions.
· Gas burners provide a practical solution to meet emission standards and ensure compliance with regulatory requirements.

3. Energy Efficiency:
· Gas burners are designed to optimize combustion, which leads to improved energy efficiency.
· By enhancing fuel utilization and reducing waste, industries can achieve energy savings and reduce operating costs.
4. Operational Flexibility:
· Gas burners offer the flexibility to adapt to various fuel types and operating conditions.
· They can be retrofitted into existing combustion systems, allowing industries to upgrade their equipment without significant capital investments.
5. Combustion System Upgrades:
· Gas burners can be retrofitted to existing combustion systems, offering a cost-effective option for industries to reduce nitrogen oxide emissions without extensive equipment replacements.


[bookmark: _Toc203375413]CHAPTER FIVE
[bookmark: _Toc203375414]5.1	Challenges and Considerations of Industrial Gas Burner
While CFD modeling offers significant benefits, it also presents some challenges and considerations in the context of industrial burner design:
1. Computational Complexity:
· The accurate simulation of combustion processes and fluid dynamics requires high computational power and resources.
· CFD models often involve complex geometries, types of air and fuel mixing, turbulent flows, and chemical reactions, necessitating careful meshing and solver selection to achieve accurate results.
2. Validation and Experimental Data:
· combustions models
· Validation of CFD models is crucial to ensure their accuracy and reliability.
· Flame profiles and emissions can be compared with field data
· Comparison with experimental data, including measurements from physical burner tests, helps validate the model and build confidence in its predictive capabilities.
3. Model Assumptions and Simplifications:
· CFD models are based on assumptions and simplifications to reduce computational complexity.
· Proper selection of turbulence models, reaction mechanisms, and boundary conditions is essential to ensure model accuracy and validity.
[bookmark: _Toc203375415]5.2	Summary
· CFD modeling has revolutionized the design and analysis of industrial burners, offering engineers powerful insights and optimization capabilities.
· By simulating fluid flow, combustion, and heat transfer, CFD enables the exploration of design variations, performance enhancements, and emissions control. As industries strive for improved burner efficiency, reduced emissions, and compliance with environmental regulations, CFD modeling emerges as a critical tool
[bookmark: _Toc203375416]5.3	Recommendation
· Gas burners represent a significant advancement in combustion technology, allowing industries to achieve environmental responsibility while maintaining operational efficiency.
· By employing techniques such as air staging and flue gas recirculation, these burners effectively reduce nitrogen oxide emissions and contribute to cleaner air quality.
· The adoption of Gas burners not only enables compliance with stringent environmental regulations but also enhances energy efficiency and sustainability. As industries continue to prioritize environmental stewardship, Gas burners serve as an essential tool for achieving a harmonious balance between industrial productivity and ecological well-being.
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