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Preface
In order to calculate the  properties f fuel and its flow in the burner we deliver this file.
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Both gas and oil fired boilers use controlled combustion of the fuel to heat water. The key boiler components involved in this process are the burner, combustion chamber, heat exchanger, and controls.
The burner mixes the fuel and oxygen together and, with the assistance of an ignition device, provides a platform for combustion. This combustion takes place in the combustion chamber, and the heat that it generates is transferred to the water through the heat exchanger. Controls regulate the ignition, burner firing rate, fuel supply, air supply, exhaust draft, water temperature, steam pressure, and boiler pressure.
Hot water produced by a boiler is pumped through pipes and delivered to equipment throughout the building, which can include hot water coils in air handling units, service hot water heating equipment, and terminal units. Steam boilers produce steam that flows through pipes from areas of high pressure to areas of low pressure, unaided by an external energy source such as a pump. Steam utilized for heating can be directly utilized by steam using equipment or can provide heat through a heat exchanger that supplies hot water to the equipment.
[image: ]
Figure 1:fuel burner 
A boiler is an enclosed vessel that provides a means for combustion heat to be transferred to water until it becomes heated water or steam. The hot water or steam under pressure is then usable for transferring the heat to a process. Water is a useful and inexpensive medium for transferring heat to a process. When water at atmospheric pressure is boiled into steam its volume increases about 1,600 times, producing a force that is almost as explosive as gun powder. This causes the boiler to be an equipment that must be treated with utmost care.
The boiler system comprises of: a feed water system, steam system and fuel system. The feed water system provides water to the boiler and regulates it automatically to meet the steam demand. Various valves provide access for maintenance and repair. The steam system collects and controls the steam produced in the boiler. Steam is directed through a piping system to the point of use. Throughout the system, steam pressure is regulated using valves and checked with steam pressure gauges. The fuel system includes all equipment used to provide fuel to generate the necessary heat. The equipment required in the fuel system depends on the type of fuel used in the system.
The water supplied to the boiler that is converted into steam is called feed water.

The two sources of feed water are:
1. Condensate or condensed steam returned from the processes and
2. Makeup water (treated raw water) which must come from outside the boiler room and plant processes. For higher boiler efficiencies, an economizer preheats the feed water using the waste heat in the flue gas.
[bookmark: _Toc8817312]How does combustion occur?
The release of potential energy of fuel by combustion with air requires several stages, namely.
• Mixing of air and fuel  
• Ignition of the mixture  
• Chemical reaction  
• Disposal of products of combustion from the reaction site so that fresh reactants are available.
Except mixing of air and fuel, all other stages are extremely fast such that it is said that if fuel and
air are mixed, fuel is burnt. Accordingly mixing is the slowest step in the process of combustion   
This can be understood by considering that each mole of carbon theoretically requires 1 mole of
oxygen for complete combustion. But 1 mole of oxygen is obtained from 4.76 moles of air. That
means 3.76 moles of nitrogen are present with 1 mole of oxygen. Nitrogen is inert and does not
take part in combustion therefore mixing of air + fuel is important.  
[bookmark: _Toc8817313]What is a burner?
A burner is a mechanical device that:   
• supplies required amount of fuel and air  
• creates condition for rapid mixing of fuel and air  
• produces a flame which transfers thermal energy to furnace and charge.
In oil burners, oil is atomized into a fine spray by a spray nozzle and air is supplied for combustion in the spray chamber. Alternatively, oil may be atomized by high speed air to produce a fine dispersion of droplets into air. there are liquid fuel and gaseous fuel burners. In liquid fuel burner, oil is heated and atomised either mechanically or by high speed gaseous jet. In mechanical methods oil is atomised by means of a rotating disc or cup or by swirler as shown in the figure 2:
[image: ]
Figure 2: Spreading of an axis‐symmetric jet in the surrounding
Mechanical atomization produces wider spray of oil and wide flame area with uniform droplet size. In atomization, compressed air or steam is the atomizing fluid. Air atomization produces higher flame temperature than steam atomization. Steam atomization is preferred for viscous oil. Some ways of air atomization are shown in the figure 3:
[image: ]
Figure 3: Entrainment of the surrounding in the free jet.
A gaseous fuel burner could either be of premixed type or diffusion type. In a pre‐mixed type gas and air are mixed prior to passing through the nozzle. In diffusion type fuel and some amount of air is mixed and the mixture is passed through the burner. Rest air for combustion is supplied in the furnace chamber. Combustion of fuel is controlled by the rate of mixing of air and fuel. In these burners small portion of air is mixed with fuel as primary air and the rest amount, known as secondary air is supplied in the furnace. Industrial burners for gaseous fuel are diffusive type.
[bookmark: _Toc8817314] Mixing of air and gaseous fuel   
In diffusion burner air and gaseous fuel are supplied separately in the furnace. In modt combustion systems mass of air is at least 8 to9 times than fuel. When air and fuel pass through the burner, the momentum flux of air is several times greater than fuel. Some fraction of total air is mixed with the fuel and this air is known as primary air. Rest amount of air, known as secondary air is supplied in the furnace through appropriate locations.  Mixing and combustion take place simultaneously.   When a mixture of air and gaseous fuel passes through the burner, a free jet is produced downstream the burner. If the air fuel mixture is discharged in the furnace then a confined jet is produced because of the furnace walls. The difference between the free jet and confined jet is that in the former the amount of surrounding is unlimited whereas in the later the amount is limited. Mixing of secondary air in the jet is important for complete and efficient combustion. In the absence of mixing the chances of    formation can not be ruled out.
[bookmark: _Toc8817315]Characteristic features of jet 
A jet is produced when a fluid is discharged through the nozzle. In the jet the velocity of the fluid is accelerated. Free jet is produced when the fluid is discharged in the surrounding with no confinement. A jet is said to be confined when the fluid is discharged in the container. The characteristic feature of the jet (whether free of confined) is that it spreads due to the difference in the density of the jet and the surrounding.  A hot jet in the cold surrounding spreads faster than a cold jet in the same surrounding. Spreading of the jet is due to entrainment of the surrounding. Due to entrainment of the surrounding, the axial velocity of the jet decreases. For any downstream axial distance, the maximum velocity is at the centre and minimum at the periphery such that a parabolic profile is developed as shown in the figure 4:
[image: ]
Figure 4: Spreading of an axis‐symmetric jet in the surrounding
In addition, jet carries with it momentum flux. The momentum flux within the jet is  
Momentum flux = Mass of the jet  *velocity of jet
Mass of jet = Mass of air at the exit of the nozzle + Mass of surrounding
Mass of the air at the exit of the nozzle is constant. The entrainment of the surrounding in the jet increases the mass of the jet but decreases the velocity of the jet. The cumulative effect is that momentum flux within the jet remains constant. Entrainment of the surrounding and hence increase in mass of jet depends on the difference in the momentum flux within the jet and that of surrounding (note that as the jet is discharged into a still surrounding, the surrounding sets in motion). The entrainment of the surrounding will continue as long as the difference in the momentum flux exists.  
[bookmark: _Toc8817316]Behavior of free (unconfined) and confined jet 
A free jet has no confinement and hence can spread till the difference between the momentum flux of the jet and the surrounding becomes zero. Figure 5 shows the entrainment in the free jet:
[image: ]
Figure 5: : Entrainment of the surrounding in the free jet
We note in the figure that  
1. A free unconfined get spreads in the surrounding  
2. Spreading of the jet is due to entrainment of the surrounding  
3. Entrainment of the surrounding is due to the difference in momentum flow rate within the jet
and that within the surrounding. Entrainment of surrounding continues till the difference
becomes zero.  
4. Entrainment of surrounding  depends on mass flow rate and jet velocity  
In furnaces jet is confined by furnace walls. Due to confinement, mass of the surrounding is limited to the amount equal to secondary air. The primary air mixes rapidly with the fuel at the nozzle but the remaining air must be entrained and for this purpose excess momentum flux in the jet is required. If the confined jet has momentum flux in excess of that required for the complete entrainment of the secondary air, products of combustion will entrain and a circulatory jet is produced. Figure 6 shows recirculation of products of combustion in the jet.


[image: ]
Figure 6: Entrainment of products of combustion in the jet. At point   secondary air is entrained. Beyond point A the products of combustion entrain due to the excess momentum in the jet
Role of primary air   
Thus in the design of burner for gaseous fuel it is important to design the primary air depending on the requirement. Since the amount of air is many times greater than the fuel, momentum flux within the jet is controlled by the primary air.  The primary air 
 • controls the fuel /air mixing rate 
 • assists in stabilizing the jet and to control recirculation.  
 In designing a gaseous fuel burner total mass flow rate of air is subdivided into primary, secondary and tertiary air. Whereas primary air is mixed with fuel, secondary and tertiary amounts of air are introduced through the pots in the furnace.  
  Degree of recirculation
 Recirculation sets in when the secondary air is mixed completely with the fuel. Degree of recirculation indicates complete mixing of fuel with air.
In confined gets, absence of recirculation results in a tendency for the flame to expand until it impinges into the furnace walls of load. Hot gases will be in direct contact with the refractory brick which may result in failure. The recirculating gases provide a “cushion” of cooler inert flue gases which prevents direct impingement of flame.    A high momentum recirculartory jet will also produce a stable flame which is comfortable.
[bookmark: _Toc8817317]Selection of burner   
[bookmark: _Toc8817318]Combustion volume
 The space occupied by the fuel and the products of combustion varies considerably with the burner design, upstream pressures and flow rates. Gaseous fuel burners can be designed to release heat as high as 110* K cal    of combustion volume.
[bookmark: _Toc8817319]Stability    
Turndown ratio is defined as the ratio of minimum heat input rate to maximum heat input rate. Minimum heat input rate is controlled by the phenomenon “back fire” whereas maximum heat input is controlled by the extinguishing of the flame. If the velocity of mixture of fuel +air is greater than flame velocity, flame will extinguish. The back fire will occur when the velocity of mixture of fuel +air is lower than flame velocity.
[bookmark: _Toc8817320]Combustion systems and burner components   
Gaseous fuel supply, air supply and control valves form the essential components of a gaseous fuel burner. Further a burner designed for one particular fuel is not suitable for other.   
Liquid fuel burners are two types: Oil is vaporized before ignition, and atomization followed by combustion. 
Atomized type burners are commonly used. Mechanism of atomization of oil differentiates the burners. Oil may be atomized mechanically by a rotation disc or cup or swirled. High pressure air is also used to atomize the fuel. For details the reader may see the following references.  
[bookmark: _Toc8817321]Design 
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The fuel that we will use in this burner is  the butane C₄H10  fuel (the reductant) and
 an oxidant usually atmospheric oxygen.
The equation of the reaction is : 2 C 4 H 10 + 13 O 2 → 8 CO 2 + 10 H 2 O 
Considering that each One litre of gas consist of 1/22.4 moles. And if 21% of it is oxygen then it means Moles of oxygen = (1/22.4)*(21/100) = 0.009375 moles of oxygen .






Considering that butane is ideal gas, then we can apply this equation: PV=nRT.

[bookmark: _Toc8817325]Some properties of the butane  
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Butane is not soluble in water, but it is soluble in alcohol and ether. The boiling point of butane is 0 ° C, the density of liquid butane is 585 kilograms per cubic meter at 15 ° C, and the density of butane gas is 2.50 kilograms per cubic meter at 15 ° C. At 15 ° C and 1 bar pressure, one liter of liquid butane can release 239 liters of gas. This physical feature allows efficient storage at a lower cost. Butane is a highly flammable gas in the presence of oxygen. The maximum temperature possibly obtained by a flame resulting from the combustion of butane is 1970 ° C. Butane is colorless and odorless. The Self-ignition point of butane is 287°C. The accepted value for the molar mass of butane (C4H10) is: 58.123 g/mol.Assume that butane is an ideal gas and that one mole has a volume of 22.4 L.
Weight of gas:
The weight of butane is 582 kg
• Combustion rate:
Each kilogram of propane gas is given about 12 kcal
Each kilogram of butane gas is given about 11 kcal
• Steam Rate:
1 liter of propane gas is about 271 liters of propane vapor.
1 liter of butane gas equivalent to about 235 liters of butane vapor.
Home gas is a mixture of 1 l of gaseous liquefied petroleum gas equivalent to 242 liters of steam
• Gas properties:
1. Colorless.
2. Odor:
Extracted from the ground without odor and to the extent of high risk add a distinctive substance and give a distinctive smell and this article Markybtan Ethan Mercaptan, which is covered on the gas smell distinctive to detect the leak easily and the proportion added .45kg / 3. 7.9m3
3. Specific gas density:
The specific density of the gas is heavier than the air and therefore accumulates in low places in the case of leakage such as sewage sinks, basement, tunnels and all this due to factors such as temperature, wind speed, pressure and humidity all these factors change the rate of flux from the surface of the earth On the surface of the earth directly.
4. Gas boiling point:
The boiling point of butane gas is 0 °C
The boiling point of propane gas is 45 °C
5. Ignition ratios
This gas can ignite when it touches a heat source that ignites the mixture.
If the gas ignition rate reaches less than 2% of the volume of the air, it ignites either if more than 2% to 10% leads to an explosion.
• Ignition rate of butane gas:
The minimum is 1.5%
The upper limit is 8.5%
• Ignition rate of propane gas:
The minimum is 2%
The upper limit is 9.5%
Gas used in homes is an oil product, a mixture of butane and propane and this mixture does not smell it. But for safety of use, add a substance with strong odor to facilitate the detection of any gas leak.
[image: ]
Figure 7: Explosive limits and ignition temperatures of common gases
The Flammable Range (Explosive Range) is the concentration range of a gas or vapor that will burn (or explode) if an ignition source is introduced.
Three basic requirements must be met for explosion to take place
[image: ]
Figure 8: Flame temperatures of common gases and fuels
[image: ]
Figure 9: Combustion values of common gases
The combustion value is is the amount of heat released during the combustion of a specified amount of it.
Note: 1 Btu (IT)/foot³ [Btu/ft³] = 37258.9458078083 joule/meter³ [J/m³]
[bookmark: _Toc8817326][image: ]The primary functions of burners
The primary functions of burner systems are as follows: 
• Controlled fuel delivery. 
• Controlled combustion-air delivery. 
• Controlled fuel and air mixing. 
• Controlled and reliable ignition. 
• Evacuation of combustion products. 
• Controlled emissions. Regardless of fuels fired, the burner system must reliably perform all functions listed above. Choice of fuels burned and type of burner affects the ease of achieving optimal results.
A flame is a zone within which the combustion reaction occurs at a rate that produces visible radiation. A flame front is the contour along which the combustion starts — the dividing line between the fuel-air mixture and the combustion process. In stable flames, the flame front appears to be stationary. The flame moves toward the chamber entry gas(s) at the same speed that the fuel-air mixture leaves the burner. A variety of feed ranges exist in a wide range of burner designs. Common flame characteristics are as follows: 
• Production of heat energy 
• Expansion of gases 
• By-product production. 
• Radiation emission. 
• Ionization within the flame envelope.
[bookmark: _Toc8817327]Thermal state
The combustion value of butane is 120 MJ/m³.
If the volume of the  flask =0.169 m³ at 15 bar ,it contains 585 kg of butane taking in consider that the Density of butane at 15°C and 15 bar =585 kg 
After incineration of all quantity , the production of heat =82.8 MJ,
Or 1 liter of butane gas equivalent to about 235 liters of butane vapor,then 0.169 m³=169 L equal 39715 L of vapor butane .
Density of vapor at 1 bar =2.5 kg/m³,the burned mass=2.5*39.715=99 kg ,n=1.7
Calorific capacity= 49.51Mj/kg
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length ( cm) 5

diameter (cm) 23

volume (cm2) 2076.325

chamber of fuel

length ( cm) 5

diameter 23

volume  2076.325

flask of fuel

volume(L)  27

mass of flask(kg) 12

mass of gas (kg) 4.5

approximate pressure in the  flask of 12 kg (bar) 15

dimension of the tube related flask to burner 

diameter( cm) 1

surface of section  0.785

length ( cm) 1500

combustion value of butane (MJ/m³) 120

flow rate of fuel (g/s) 556

flow rate of oxygen (g/s) 30442

velocity of fuel (m/s) 0.948

velocity of oxygen(m/s) 17.12


Microsoft_Excel_Worksheet.xlsx
Sheet1

		Properties of air 

		feed 1: air 		volume  		mols 		mass of air/mass of butane=10 

		air 		1 litre 		0.044

		%of oxygen=21		0.208		0.0093

		Properties of the inlet of fuel

		number 		9

		diameter(cm)		1

		length ( cm)		7

		volume of 1 tube (cm2)		5.495

		volume of 9 tubes 		49.455

		Properties of the inlet of air 

		diameter of pores(cm)		0.2

		number of pores around each tube  		6

		total number 		54

		surface of pore		0.0314

		total volume 		1.6956

		chamber of air 

		length ( cm)		5

		diameter (cm)		23

		volume (cm2)		2076.325

		chamber of fuel

		length ( cm)		5

		diameter		23

		volume 		2076.325

		flask of fuel

		volume(L) 		27

		mass of flask(kg)		12

		mass of gas (kg)		4.5

		approximate pressure in the  flask of 12 kg (bar)		15

		dimension of the tube related flask to burner 

		diameter( cm)		1

		surface of section 		0.785

		length ( cm)		1500

		combustion value of butane (MJ/m³)		120

		flow rate of fuel (g/s)		556

		flow rate of oxygen (g/s)		30442

		velocity of fuel (m/s)		0.948

		velocity of oxygen(m/s)		17.12
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Explosive limits (lower & upper, in %) | Ignition temperatures
Natural gas 478&15 482-632 °C
Propane 215896 493-604 °C
Butane 19&85 482-538 °C
Acetylene 25&81 305°C
Hydrogen 4875 500 °C
Ammonia 16 & 25 651°C
Carbon monoxide | 12.5 & 74 609 °C
Ethylene 34&10.8 490 °C
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Gas / Fuels # | Flame temperature ¢
Propane in air 1980 °C 3596 °F
Butane in air 1970 °C 3578 °F
‘Wood in air (normally not reached in a wood stove) 1980 °C 3596 °F
Acetylene in air 2550 °C 4622 °F
Methane (natural gas) in air 1950 °C 3542 °F
Hydrogen in air 2111 °C 3831 °F
Propane with oxygen 2800 °C 5072 °F
Acetylene in oxygen 3100 °C 5612 °F
Propane-butane mix with air 1970 °C 3578 °F
Coal in air (blast furnace) 1900 °C 3452 °F
Cyanogen (C;N,) in oxygen 4525 °C 8177 °F
Dicyanoacetylene (C4N;) in oxygen (highest flame temperature) = 4982 °C 9000 °F
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Combustion value
Gas

(Btufty) | (MI/m?)

Natural gas (methane) | 950t0 1,150 | 351043

Propane-butane mix 2,500 to S,ZDb 90 to 120

Propane 2,572 95.8

Butane 3,225 120.1
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