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ABSTRACT

Steam boiler is a closed vessel which is used to produce steam from wa&er by combustion qf fuel.
Steam is important in engineering and energy studies. It is use to sterilize laboratory equipment, for
heating applications and also used to generate power. A laboratory fire-tube boiler was design and
constructed from a conceptual physical geometry, making necessary design calculations from which
dimensions and other deductions were made, and finally developing a working drawing. A burner
is used to produce heat, which heat up the water in the drum. Increase in the temperature of the
water, generate steam in the boiler. The fire tube concept with a bumer was used for the
development of the boiler. The material used was cut into various sizes and diameters in order to
fabricate the boiler. The boiler is made of four sections which are the reservoir, water drum, steam
drum and burner. Water flows into the water drum (heating section) and it heated to a desired
temperature and pressure. The steam generated flows into the steam secti‘on. After the construction,
the cfficicncy of the boiler was tested and found to be 78.5%. From the result obtained, it shows

that the boiler can be used effectively for practicals.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the Stady

Steam is therefore important in engineering and energy studies. In science and
engineering laboratories, there is sometimes the need to utilize steam or hot water to
generate power, to carry out tests or for other heating applications. This steam or hot
water can be obtained using boilers. Therefore, the purpose of this project is to design
a miniature fire-tube laboratory boiler that can be manufactured to meet the needs of
schools for practical demonstrations and teaching aid. A boiler is a closed vessel in
which steam is produced from water by combustion of fuel. According to the
American Society of Mechanical Engineers (ASME), a steam generating unit is
defined as a combination of apparatus for producing, furnishing or recovering heat
together with the apparatus for transferring the heat so made available to the fluid
being heated and vaporized (Rajput, 2006). Steam boilers is made up of two major
parts, that is, the combustion chamber, which provides heat by the combustion of fuel,
and the heat exchanger which transforms water into steam through heat exchange in
the medium (Saidur et al., 2010). -

Steam is a critical resource in today’s industrial world. It is used in the
production of goods and food, the heating and cooling of large buildings, the running
of equipment, and the production of electricity. The system in which steam is
generated is called a boiler or a steam generator (Woodruff et al., 2004). Steam
boilers are of different shapes and sizes, depending on their applications. Steam
generators have been in use for a very long time and over the course of time, various

inventors and engineers have developed and modified them for the purpose of



academic study, as well as to suit the needs of the modern man. As a result of their
continuous success, many industries today depend greatly on steam for the operation
of their equipment and the production of their goods. Stearn boilers are closed vessels
which are usually used to produce steam from water by combustion of fuel.
TYPES OF BOILER

Fire-tube Boiler, Water-tube boiler, Fluidized bed combustion boiler,
Pulverized fuel boiler, Waste heat boiler, Multi-tube boilers, and Water tube boiler,
Modular boiler and coil-tube boiler are type of boiler that are available. Steam boilers
can be used for various services such as; steam process and heating, hot water heating,
power generation, petrochemical processes, chemical recovery, nuclear, just to
mention a few (Lou Roussinos, 2010). Fire-tube boilers are safer to use, require less
expertise, and operate under lower pressures than water-tube boilers. Thus, they are
more suitable for small scale applications. Water tuber boilers on the other hand, have
a higher rate of steam production and are easier to construct and transport (Rajput,
2006). They are designed to withstand the stress induced in the boilers (Woodruff et
al., 2004). In a boiler, water is heated, steam is generated or superheated, or any
combination thereof, under pressure or vacuum by the application of heat resulting
from the combustion of fuel (such as in a natural gas boiler), electrical resistance

heating or the recovery and conversion of normally unused energy (Rawson, 2008).

In our everyday lives, the important of steam cannot be over emphasized. It is
basically water in the gas state which is found applicable in both domestic and
industrial setting either as a direct source of heat or as a source of power to steam
engines. Steam is an important resource in today’s industrial world. It is used in the

production of goods and food, the heating and cooling of large buildings, then running




and the production of electricity. The system in which steam is generated is called a
boiler (Woodruff et al., 2004).

Steam is an invisible gas that is generated by heating water to a temperature that
brings it to the boiling point. It can be obtained using boilers. It is the gas formed
when water passes from the liquid to the gaseous state. At the molecular level, this is
when molecules manage to break free from the hydrogen bonds keeping them
together. In liquid water, molecules are constantly being joined together and
separated. As the water molecules are heated, however, the bonds connecting the
molecules start breaking more rapidly than they can form. The steam is said to be
saturated when it is in equilibrium with liquid water. It is also said to be superheated
if it exist at a temperature higher than its boiling point at a given pressure. For super
heating to take place, one of the following two things must occur; either all the liquid
water must have evaporated or in the case of steam boilers the saturated steam must
be conveyed out of the steam drum before super heating can occur as steam cannot be
superheated in the presence of liquid water (Ubi et al., 2010).

A steam generating unit is defined as a combination of apparatus for
producing, recovering heat together with the apparatus for transferring the heat so
made available to the fluid being heated and vaporized. In a boiler, water is heated,
steam is generated or superheated, or any combination thereof, under pressure or
vacuum by the application of heat resulting from the combustion of fuel (such as in a
natural gas boiler), electrical resistance heating or the recovery and conversion of
normally unused energy (Rajput, 2006). In an enclosed vessel in which water is
heated and circulated, either as hot water or steam, to produce a source for either heat
or energy is known as Boiler. Essentially, the boiler provides a means for combustion

and consequently transfers the heat energy to the water until it becomes hot water or




steam. It has been in use for a very long time and over the course of time, various
inventors and engineers have developed and modified them for the purpose of
academic study, as well as to suit the needs of the modern man. As a result of their
continuous success, many industries today depend greatly on steam for the operation

of their equipment and the production of their goods.
1.2 STATEMENT OF THE PROBLEM

Steam is needed for diverse purposes in homes, laboratories and industries hence
the need to develop a low cost, functional steam boiler using locally sourced
materials. To develop a device that will serve as a suitable teaching aid and research

tool in the laboratory, the steam boiler must be:

i.  able to produce steam effectively at a relatively low cost.
ii.  less hazardous (in terms of surface temperature).
iii.  able to produce steam efficiently at a relatively low cost and easy to maintain

and operate.

1.3 JUSTIFICATION

Through history mankind has reached beyond the acceptable to pursue a
challenge, achieving significant accomplishments and developing new technology.
The desire to generate steam in demand sparked this revolution, and technical
advances in steam generation allowed it to continue. However, in modern times steam
boilers have had the challenge of immobility, size (requirement of large space for

installation and operation) and cost (it is expensive to build). Therefore a system that



takes all these limitations into account and provides a way of minimizing them is

required. Thus the concept of this steam boiler finds its roots.
1.4 AIMS AND OBJECTIVES
The aims and objectives of this project are:

i. To develop a system that produces steam efficiently and effectively by
generating the heat required for the conversion of water to steam and minimize
heat loss to the surrounding.

ii.  To fabricate a steam boiler that is compact and easy to adapt in the existing
laboratory arrangement.
ili. To design a laboratory steam boiler that can be manufactured to meet the

needs of laboratory for practical demonstrations and teaching aid.

1.5 METHODOLGY

The process of designing the laboratory steam boiler involves developing a
conceptual physical geometry, making necessary design calculations from which
dimensions and other deductions were made, and finally, developing a working

drawing.




1.6 SCOPE AND LIMITATIONS

1.6.1 Scope

The steam boiler involves the design, fabrication and testing of mild steel
cylinder used to generate steam for laboratory applications. It involves cost analysis,
modifications and the selection of suitable materials which fulfil the design
requirements for the fabrication. It also covers the design description, analysis and

calculations as well as the history of steam generation and applications.

1.6.2 LIMITATIONS

The limitations of the design include cost of materials. The most suitable material
to be used for the fabrication of the steam boiler is stainless steel. However due to the
cost of stainless steel, mild steel which also satisfies considerably the design

requirement of the steam boiler at a lower cost was selected.



CHAPTERTWO

2.1 Introduction

Throughout history, Steam boiler have played a vital role in the generation of
electricity, sterilization of laboratory equipment, other material and products for more
than 50 years. There has been rapid progress and innovation in the development of
boilers throughout the industrial age. Steam Boilers havev been a heat transfer
apparatus that convert energy of the fuel to desired working medium such as steam.
Mankind has reached beyond the acceptable to pursue a challenge, achieving
significant accomplishments and developing new technology about steam boiler. One
of the most significant series of events shaping today’s world is the industrial
revolution that began in the late seventeenth century. The desire to generate steam on
demand sparked this revolution, and technical advances in steam generation allowed it

to continue.

This chapter provides a brief and condensed summary of literature reviews on
key topics related to steam boilers that have been carried out by several researchers
and developer. Hence, this chapter would review the previous studies of steam boilers
that have been developed, technical background of steam and provide knowledge on
the technology available and methodologies used by other research counterparts

around the world on the topic.

2.2 Review of literature

A laboratory steam boiler was designed and projected from the conceptual
physical geometry of fire-tube boiler which elucidated the primary units making up a
boiler, Waheed et al., (2011). Thermodynamics, heat transfer and strength of materials

analysis was subjected to temperature and pressure variations were conducted in the



theoretical framework of the laboratory fire-tube steam boiler. The dimensions of
major and secondary parts were estimated from computations from the theoretical
framework and 3D modelling process for the steam boiler was then carried out to
present various working drawings of the steam boiler for possible construction.
Conclusively, the boiler was presented for fabrication, testing and further
improvement. The design and fabrication of the boiler enabled the availability of
portable and affordable steam boilers for steam generation processes, especially in
¢ school laboratories. The conceptual physical geometry for the laboratory fire-tube
steam boiler developed from the schematic diagram of a boiler is shown in Figure 1.0
The boiler consists fundamentally of the combustion and heating chambers and other
parts such as: fire tubes, water container, steam trap, steam tap, exhaust pipe and

boiler casing which are designed in the geometry of the laboratory fire-tube steam

boiler.
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Also, a theoretical framework was developed which includes the operating
temperature and pressure of a boiler to determine the effectiveness function of the
boiler, Stresses induced in tubes and drums. etc

Ikechukwu (2006), a fabricated fire tube boiler was design and fabricate. It
was tested to evaluate its performances, efficiency and determine its evaporation ratio.
The purpose of the performance test is to determine the actual performance and
efficiency of the oiler and compare it with design values. It was an indicator for
tracking day-to-day and season-to-season variations in boiler efficiency and energy
efficiency improvements. The result obtained was a torque produced at a steam
pressure of 1.5bar and a steam temperature of 111.4°C, also raising the temperature of
the water from 30°C, to a generated steam quantity of 61.34kg/hr, with a diesel
quantity of 5.2Htres/hr. The efficiency of the bumner after getting an adequate
combustion air/fuel ratio and heat delivery from the burner resulted into 64.3%. The
efficiency of the boiler was also calculated to be 69%.The following conclusions was
drawn from the data and research. Dimensions of major and secondary parts were
estimated from computations from the theoretical framework and 3D modelling
process for the steam boiler was then carried out to present various working drawings
of the steam boiler for possible construction.

Gutiérrez et al., (2005), a complete dynamic model of a full-scale fire-tube
boiler was developed based on the mass, energy, and momentum balances together
with constitutional equations. Two parts were distinguished in fire-tube boilers: the
fire/gas side and the water/ steam side. A first nonlinear physical model was presented
and after that it reduced to shorten the computational time, but providing reasonable
results. Thus, it may allow to simulate the process as well as to design a multivariable

controller. Simulation was used for training and assisting in on-line decisions. A case




study was simulated using an 800 HP fire-tube boiler and dynamic performances
predicted by the model are in good qualitative agreement with data taken from the
literature. The proposed modelling were used for an effective way of undertaking a
comparison between the fire-tube boiler performances when running with different
fuels, especially when considering the firing of a new fuel in given equipment.

Xinhui (2014) introduced the composition of a boiler steam drum control system.
The application of a programmable PLC control unit was used for the boiler steam
drum control system. Due to the complexity of boiler control targets, particularity the
boiler control environment and the continuity of its operation cycle, S7-200 series
PLC was used to form SIEMENS as the control device in our automatic control
system. The §7-200 PLC contains an individual $7-200 CPU and many optional
extendable modules. These could be easily combined to form controllers of different
sizes. The control size could cover several ranges: from a few points, to several
hundred points. Due to the number of 1/O points in the boiler control system (the
number of detected variables and output variables) we chose one CPU 222 module for
the CPU in the §7-200 PLC. Also, EM 235 for the analog quantity input and output
module. In a system composed by the selected modules, CPU 222 was able to supply
all of the electric power consumed by the extendable modules. The quantity of the
attached extendable module was no more than 2, which means that the hardware
configuration of this system was suitable. The control system composition has been
shown in Figure 1.1. Controlling boiler water level systems with PLC effectively
allows them to control the combustion process in boilers. It also allows them to make
sure that combustion occurs with a proper air-fuel ratio in order to improve
combustion efficiency. Since industrial boilers consume large volumes of coal, every

1% increase in thermal combustion efficiency will generate huge economic benefits.
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Secondly, the automatic boiler control processing and friendly human-computer
interface found with this monitoring software centralize the operational parameters for

monitoring.
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Fig 2.2 Control System Composition and Structure Diagram

Negi et al., (2006) Boiler provides the major source in industries to burn fuel
to generate process steam and electric power. It is the main device of power plant to
generate steam by efficiently burning available fuels used to generation of power.
There are mainly two types of boiler, water tube boiler and fire tube boiler. Water
tube boiler are those types in which water flows inside the boiler tube and flue gases
flows outside to heat up the water to generate steam. Most industrial purpose uses
water tube boiler as it is more efficient than fire tube boiler. Today the main concern
is to increase the efficiency of water tube boiler by enhancing the heat transfer rate in

= the boiler tube. Due to economic and environment demand, engineers must
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continuously focus on improving the efficiency of the boiler and reducing emission,
wide variety of engineering situations, including heat exchangers for viscous liquids
in chemical process and food industry. In real condition the boiler water tube are
plane walled, due to this the flow inside the tube is laminar. Many studies have
focused on turbulent flow, the laminar range is of particular interest in a review of
corrugated geometry of boiler tubes, heat transfer studies for different geometries and
other various designs are carried out. The researcher’s designs going to the integration

between the geometry and flow through the tube to reduce heat loss and system costs.

Ubi et el., (2010) A steam generator was designed and fabrication. It is used to
harness the energy liberated as heat in a variety of processes and converts it into a form
which is useful for applications in the industry, medicine, agriculture etc. The water tube
concept was used for the steam generator and generated steam at a flow rate of
0.0035m3/s and at a temperature of 509°C. The heat generated was used for the
production of steam for industrial or domestic purposes. The step of steam generation
was to transfer the heat gotten from the heat source (fuel) into clean water in the
boiler. These were done by having the heat source elevate the temperature in the
combustion chamber. This heat produced, heats up the water in the water tube without

contaminating it.

Babu et al., 2016 listed the following classifications of boilers;
i.  Tube content: Fire tube boiler and ) water tube boiler
ii.  Axis of shell: Horizontal, vertical and inclined
iii. Location of fumace: Externally fired, and internally fired
iv.  Method of circulation: Natural and forced

v.  Mobility: Stationary and portable

12
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vi. Usage: Packaged and unpackaged
vii.  Pressure: High and low
viii.  Tubes: Single-tube and Multi-tube
In the aforementioned work, the following boiler systems were also identified;
i.  Feed water system
ii. Steam system
iii. Fuel system
According to Babu et al., (2016) each of the above system performs specific
functions: 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.
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Fig 2.3 pressing steam boilers (Babu et al., 2016)

The feed water system provides water to the boiler and regulates it
automatically to meet the steam demand. The water supplied to boiler that is

converted to steam is called feed water. The sources of feed water are:

i.  Condensate or condensed steam returned from the processes

ii. .Make up water which is the raw water which must come from outside.

The above produced pressing boiler was comprised of the boiler shell, a U-tube
heating coil constructed from 20 gauge % inch single wall copper tubing, the control

valve amongst others.
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Fig 2.4 Cut section of the shell (Babu et al., 2016)

“
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23 DEVELOPMENT OF BOILER TYPES

2.3.1 Fire Tube Boiler

2.3.1.1 Haycock and wagon top boilers

For the first Newcomen engine of 1712, the boiler was little more than large
brewer’s kettle installed beneath the power cylinder. Because the engine’s power was
derived from the vacuum produced by condensation of the steam, the requirement was
for large volumes of steam at very low pressure hardly more than 1 psi (6.9kPa) The
whole boiler was set into brickwork which retained some heat. A voluminous coal fire
was lit on a grate beneath the slightly dished pan which gave a very small heating
surface; there was therefore a great deal of heat wasted up the chimney. In later
models, notably by John Smeaton, heating surface was considerably increased by
making the gases heat the boiler sides, passing through a flue. Smeaton further
lengthened the path of the gases by means of a spiral labyrinth flue beneath the boiler.
These under-fired boilers were used in various forms throughout the 18th Century.
Some were of round section (haycock). A longer version on a rectangular plan was
developed around 1775 by Boulton and Watt (wagon top boiler). This is what is today
known as a three-pass boiler, the fire heating the underside, the gases then passing
through a central square-section tubular flue and finally around the boiler sides. The

figure shows the picture a fire tube boiler (Wikipedia encyclopedia, 2010).
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Flue Gas

Fig 2.5; a fire tube boiler

2.3.1.2 Cylindrical fire-tube boiler

An early proponent of the cylindrical form, was the American engineer, Oliver
Evans who rightly recognized that the cylindrical form was the best from the point of
view of mechanical resistance and towards the end of the 18th Century began to
incorporate it into his projects. Probably inspired by the writings on Leupold’s “high-
pressure” engine scheme that appeared in encyclopaedic works from 1725, Evans
favoured “strong steam” i.e. non condensing engines in which the steam pressure
alone drove the piston and was then exhausted to atmosphere.

The advantage of strong steam as he saw it was that more work could be done
by smaller volumes of steam; this enabled all the components to be reduced in size
and engines could be adapted to transport and small installations. To this end he
developed a long cylindrical wrought iron horizontal boiler into which wide which

passed longitudinally inside the tank. The fire was tended from one end and the hot
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gases from it travelled along the tube and out of the other end, to be circulated back
along flues running along the outside then a third time beneath the boiler barrel before
being expelled into a chimney. This was later improved upon by another 3-pass
boiler, the Lancashire boiler which had a pair of furnaces in separate tubes side-by-
side. This was an important improvement since each furnace could be stoked at
different times, allowing one to be cleaned while the other was operating. Railway
locomotive boilers were usually of the 1-pass type, although in early days, 2-pass
"return flue" boilers were common, especially with locomotives built by Timothy
Hackworth. was incorporated a single fire tube, at one end of which was placed the
fire grate. The gas flow was then reversed into a passage or flue beneath the boiler
barrel, then divided to return through side flues to join again at the chimney
(Columbian engine boiler). Evans incorporated his cylindrical boiler into several
engines, both stationary and mobile. Due to space and weight considerations the latter
were one-pass exhausting directly from fire tube to chimney. Another proponent of
“strong steam™ at that time was the Cornishman, Richard Trevithick. His boilers
worked at 40-50 psi (276-345 kPa) and were at first of hemispherical then cylindricat
form. From 1804 onwards Trevithick produced a small two-pass or return flue boiler
for semi-portable and locomotive engines. The Cornish boiler developed around 1812
by Richard Trevithick was both stronger and more efficient than the simple boilers
which preceded it. It consisted of a cylindrical water tank around 27 feet (8.2 m) long
and 7 feet (2.1 m) in diameter, and had a coal fire grate placed at one end of a single
cylindrical tube about three feet 27 wide which passed longitudinally inside the tank.
The fire was tended from one end and the hot gases from it travelled along the tube
and out of the other end, to be circulated back along flues running along the outside

then a third time beneath the boiler barrel before being expelled into a chimney. This
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was later improved upon by another 3-pass boiler, the Lancashire boiler which had a
pair of furnaces in separate tubes side-by-side. This was an important improvement
since each furnace could be stoked at different times, allowing one to be cleaned
while the other was operating. Railway locomotive boilers were usually of the 1-pass
type, although in early days, 2-pass "return flue" boilers were common, especially

with locomotives built by Timothy Hackworth (Wikipedia encyclopedia, 2010).

2.3.2 Multi-tube boilers

A significant step forward came in France in 1828 when Marc Seguin devised
a two-pass boiler of which the second pass was formed by a bundle of multiple tubes.
A similar design with natural induction used for marine purposes was the popular
“Scotch” marine boiler.

Prior to the Rainhill trials of 1829 Henry Booth, treasurer of the Liverpool and
Manchester Railway suggested to George Stephenson, a scheme for a multi-tube one-
pass horizontal boiler made up of two units: a firebox surrounded by water spaces and
a boiler barrel consisting of two telescopic rings inside which were mounted 25
copper tubes; the tube bundle occupied much of the water space in the barrel and
vastly improved heat transfer. Old George immediately communicated the scheme to
his son Robert and this was the boiler used on Stephenson’s Rocket, outright winner
of the trial. The design was and formed the basis for all subsequent Stephensonian-
built locomotives, being immediately taken up by other constructors; this pattern of

fire-tube boiler has been built ever since (Wikipedia encyclopedia, 2010).
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2.3.3 Water Tube Boiler
2.3.3.1 Combined heat and power (CHP) plant

Water-tube boilers differ from shell type boilers in that the water is circulated
inside the tubes, with the heat source surrounding them, because the tube diameter is
significantly smaller, much higher pressures can be tolerated for the same stress.
Water-tube boilers are used in power station applications that require:

i.  Superheated steam (up to 550°C).
ii.  High pressure steam (up to 160 bar).
iili. A high steam output (up to 500 kg/s).

However, water-tube boilers are also manufactured in sizes to compete with shell
boilers.

Small water-tube boilers may be manufactured and assembled into a single unit, just
like packaged shell boilers, whereas large units are usually manufactured in sections
for assembly on site.

However, when the pressure in the water-tube boiler is increased, the
difference between the densities of the water and saturated steam falls, consequently
less circulation occurs. To keep the same level of steam output at higher design
pressures, the distance between the lower drum and the steam drum must be
increased, or some means of forced circulation must be introduced. Figure 2.8 shows

the picture of a Babcock and Wilcox water tube boiler {Wikipedia encyclopedia, 2010).
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Figure 2.6 Babcock and Wilcox water tube boiler with longitudinal steam drum

Water-tube boiler sections
The epergy from the heat source may be extracted as either radiant or
convection and conduction.

i.  The farnace or radiant section: This is an open area accommodating the
flame(s) from the burner(s). If the flames were allowed to come into contact
with the boiler tubes, serious erosion and finally tube failure would occur. The
walls of the furnace section are lined with finned tubes called membrane

panels, which are designed to absorb the radiant heat from the flame.

ii. . Convection section: This part is designed to absorb the heat from the hot

gases by conduction and convection. Large boilers may have several tube
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banks (also called pendants) in series, in order to gain maximum energy from

the hot gases.

Advantages of water-tube boilers:

i, The design may include many burners in any of the walls, giving horizontal,
or vertical firing options, and the facility of control of temperature in various
parts of the boiler. This is particularly important if the boiler has an integral
superheater, and the temperature of the superheated steam needs to be
controlled.

ii.  They have small water content, and therefore respond rapidly to load change

and heat input.

iii. ~The small diameter tubes and steam drum mean that much higher steam

pressures can be tolerated, and up to 160 bar may be used in power stations.

Disadvantages of water-tube boilers:
i.  They are not as simple to make in the packaged form as shell boilers, which

mean that more work is required on site.

ii.  The option of multiple bmém may give flexibility, but the 30 or more burners
used in power stations means that complex control systems are necessary.
2.3.4 Beat tube or Stirling boiler
A further development of the water-tube boiler is the bent tube or Stirling
boiler. Again this operates on the principle of the temperature and density of water,
but utilises four drums in the following configuration. Cooler feedwater enters the
left upper drum, where it falls due to greater density, towards the lower, or water

drum. The water within the water drum, and the connecting pipes to the other two
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upper drums, are heated, and the steam bubbles produced rise into the upper drums
where the steam is then taken off.

The bent tube or Stirling boiler allows for a large surface heat transfer area, as well as
promoting natural water circulation. Figure 2.9 shows a Stirling water tube boiler with

four cross-drums (Wikipedia encyclopedia, 2010).

= Figure 2.7: Stirling water tube boiler with four cross-drum
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2.2 STEAM THEORY
The theoretical knowledge about steam and principle of steam boiler is

discussed below:

2.2.1 PRINCIPLE OF STEAM PRODUCTION

Steam and water are typically used as heat carriers in heating systems. It is
well known that under atmospheric pressure, water boils and evaporates at 100°C. At
higher pressure, water evaporates at higher temperature - e.g. a pressure of 10 bar
equals an evaporation temperature of 184°C. During the evaporation process, pressure
and temperature are constant, and a substantial amount of heat is use for bringing the
water from liquid to vapour phase. When all the water is evaporated, the steam is
called dry saturated. In this condition the steam contains a large amount of latent heat,
corresponding to the heat that was led to the process under constant pressure and
temperature. So despite temperature and pressure is the same for the liquid and the
vapour, the amount of heat 10 is much higher in vapor compare to the liquid. This
latent heat in the dry saturated steam can efficiently be utilized to different processes

requiring heat (W.M Huitt, 2009).

2.2.1.1 Steam Dryness Fraction

Steam is said to be dry saturated when at that particular pressure its
temperature is equal to the boiling point. Steam with a temperature equal to the
boiling point at that pressure is known as dry saturated steam. However, to produce
100% dry steam in an industrial boiler designed to produce saturated 13steam is rarely
possible, and the steam will usually contain droplets of water. In practice, because of

turbulence and splashing, as bubbles of steam break through the water surface, the
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steam space contains a mixture of water droplets and steam. Steam produced in any
shell-type boiler, where the heat is supplied only to the water and where the steam
remains in contact with the water surface, may typically contain around 5% water by
mass. If the water content of the steam is 5% by mass, then the steam is said to be
95% dry and has a dryness fraction of 0.95. The actual enthalpy of evaporation of wet
steam is the product of the dryness fraction, x and the specific enthalpy hsg from the
steam tables. Wet steam will have lower usable heat energy than dry saturated steam
because the specific volume of water is several orders of magnitude lower than that of
steam, the droplets of water in wet steam will occupy negligible space. Therefore the
specific volume of wet steam will be less than dry steam (Gordon & Yon,

Engineering Thermodynamics 4th edition, page 174).
2.2.1.2 Evaporation Enthalpy of wet steam hy,

This is the amount of heat required to change the state of water at its boiling
temperature, into steam. It involves no change in the temperature of the steam/water
mixture, and all the energy is used to change the state from liquid (water) to vapour
(saturated steam). The old term latent heat is based on the fact that although heat was
added, there was no change in temperature. However, the accepted term is now
enthalpy of evaporation. Like the phase change from ice to water, the process of
evaporation is also reversible. The same amount of heat that produced the steam is
released back to its surroundings during condensation, when steam meets any surface
at a lower temperature. This may be considered as the useful portion of heat in the
steam for heating purposes, as it is that portion of the total heat in the steam that is

extracted when the steam condenses back to water. The total energy in saturated
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steam also known as enthalpy of saturated steam or total heat of saturated steam
isgivemby: h;= h, + xh,,
Where: k= Total enthalpy of saturated steam (Total heat) (kJ/kg)
h,= Liquid enthalpy (Sensible heat) (kJ/kg)
hs, = Enthalpy of evaporation (Latent heat) (kJ/kg)
The enthalpy (and other properties) of saturated steam can easily be referenced using
the tabulated results of previous experiments, known as steam table (Gordon & Yon

,Engineering Thermodynamics 4th edition).
2.2.1.3 Flash Steam.

Flash steam is produced when water pressure is reduced from high to a low
pressure, then the water is at higher temperature than that of saturation temperature at
low pressure. Thus this excess heat energy is released at low pressure in the foam of

flashing and the steam thus produced is “Flash Steam”.
2.2.1.4 Water Hammer

Water hammer is a liquid shock wave resulting from the sudden starting or stopping
of flow. As steam begins to condense due to heat losses in the pipe, the condensate
forms droplets on the inside of the walls. As they are swept along in the steam flow,
they then merge into a film. The condensate then gravitates towards the bottom of the
pipe, where the film begins to increase in thickness. The buildup of droplets of
condensate along a length of steam pipework can eventually form a slug of water
which will be carried at steam velocity along the pipework. This slug of water is
dense and incompressible, and when travelling at high velocity, has a considerable
amount of kinetic energy. The laws of thermodynamics state that energy cannot be 16

created or destroyed, but simply converted into a different form. When obstructed,
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perhaps by a bend or tee in the pipe, the kinetic energy of the water is converted into
pressure energy and a pressure shock is applied to the obstruction. Water hammer can
significantly reduce the life of pipeline ancillaries. In severe cases the fitting may
fracture with an almost explosive effect. The consequence may be the loss of live
steam at the fracture, creating a hazardous situation. Water hammer is affected by the
initial system pressure, the density of the fluid, the speed of sound in the fluid, the
elasticity of the fluid and pipe, the change in velocity of the fluid, the diameter and

thickness of the pipe, and the valve operating time (Ubi et el., 2010).

2.2.1.5 Steam Hammer

Steam hammer is similar to water hammer except it is for a steam system.
Steam hammer is a gaseous shock wave resulting from the sudden starting or stopping
of flow. Steam hammer is not as severe as water hammer for three reasons:
1. The compressibility of the steam dampens the shock wave

2. The speed of sound in steam is approximately one third the speed of sound in

water.

T 3. The density of steam is approximately 1600 times less than that of water.
The items of concern that deal with steam piping are thermal shock and water slugs
(i.e. Condensation in the steam system) as a result of improper warm up (Ubi et el.,
2010).

e
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222 USES OF A STEAM BOILER

The main application of steam can be divided into humidifying/heating

applications and motive/drive applications:

i.

ii.

iii.

vi.

vii.

Steam is used for energy storage, which is introduced and extracted by
heat transfer, usually through pipes. Steam is a capacious reservoir for
thermal energy because of water’s high heat of vaporizations.

Steam is used in the generation of electricity. In most countries, about

86% of electric power is produced using steam as the working fluid.

Steam is used for sterilization. Autoclaves, which use steam under
pressure is used in microbiology laboratories and similar environments

for sterilization.

Steam is used in agriculture for soil sterilization to avoid the use of

harmful chemical agents and increase the soil health.

Steam is also used for domestic purposes like cooking of vegetables,

steam cleaning of fabrics and carpet and heating of buildings.

In industries, a steam engine uses the expansion of steam in order to
drive a piston or a turbine to perform mechanical work.
The superheated steam produced is used to drive a turbine for the

production of electricity.
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CHAPTER THREE

3.0 DESIGN ANALYSIS, MATERIAL SELECTION AND DESIGN
CALCULATIONS
3.1 DESIGN ANALYSIS

3.1.1 Mode of Operation

Before firing up the boiler, water is poured into the reservoir tank and flows
into the heating section (water drum) through a non-return valve. The globe valve
outlet controlling the water level at the heating section (water drum) is set to open.
This is to ensure that water doesn’t flow into the steam section (tank). When the
capacity of the tank is reached, the globe valve is closed to ensure pressure build up

during heating.

On firing, water in the lowermost drum (heating section) gets heated up as the
fire is provided directly beneath the lower drum. The heated up water turns into steam
and this steam is transferred into the steam section via internal steam tubes. The steam
gets superheated in the steam section. The flow of water from the reservoir to the
heating section (water drum) through a non-return valve which does not only serves
the function of preventing water from flowing back to the reservoir during heating,
but also ensures that water is continually fed to the heating section (main drum) by the
opening of the valve when the pressure falls below a certain level as a result of

depletion in the level of feed water at the heating section (water drum).

The water at the heating section (main drum) gets boiled and the steam is

transferred to the steam section (middle drum) where it undergoes further heating.

29




The chimney provides suction to the flue gases and hence aid in the successful pulling

of the flue gases from the fire to the top of the top drum.

3.1.2 Features of the laboratory Steam Boiler, and it uses

The designed boiler consist of the following parts, the firing section, heating section,

steam section , the reservoir, chimney(exhaust assembly) and the control panel.

The Firing Section: The design works with a gas fired unit hence, the firing unit
consist of the gas burner and mountings for heating the lower section of the
boiler. The base stands are also welded to this section to provide suitable support

while in use.

The Water drum: This is the lowermost part of the boiler and it receives
preheated water from the reservoir for onward heating. Having a diameter of
240mm and a length of 100mm, the water drum consist of flanges are welded to
both of its sides. One flange comes in contact with the open flame and the other
flange contains the seating arrangement for the middie drum. Water is fed to this
drum by a non-return valve and a suitable outlet is provided via a globe valve to
ensure water remains at the desired level and not overflow into steam drum

(middle drum)
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Plate 3.1: the steam section of the boiler

iii. Steam drum: It is the middle portion of the boiler drum. The length of the steam
is 110mm and diameter of 240mm. The steam drum consist flanges which are
welded at some distance away from the edges to encourage turbidity of the flue

3 gases that come from the lower drum before entering into the middle drum’s
tubes. The steam drum is fitted with suitable pressure relief valve and a pressure

sensor for monitoring and regulating the pressure of the formed steam.

iv.  The water reservoir: Water is fed into the reservoir tank via the provided inlet
and since during operation the flue gases flow through the tubes in this pipe, this
preheat the water transferred to the main heating drum so as not to send cold

water and reduce thermal shock.
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V.

vi.

vii.

Flanges and Pipes: The Flanges for inter-connecting each section of the boiler to
the next is made of 0.15in mild steel plates in which holes are drilled for the

copper tube

Plate 3.2 the steam section of the boiler

Non Return Valve: This is used in the water line from the reservoir tank to the
main heating section (water drum) so as to prevent entry of the boiling water

from the lower drum to the preheating unit.

Safety Valve: A locally fabricated safety valve consisting basically of a spring
loaded stopper with adjustable screw is used to ease out the pressure of the

system when it exceeds the preset values.
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viii.  Globe Valves: it is used in controlling the level of water at the lower tank and the

flow of steam from the middle tank.

ix.  Chimney: It serves as a tunnel for expelling then burnt gases which is a product
of combustion. The chimney is fabricated using mild steel and it is welded
together to the reservoir. The length and diameter of the chimney is 250mm and

24mm respectively. The thickness of the mild steel is 1.50mm

x.  Fibre glass: it serves as the lagging material. It is used for thermal insulation in

the steam boiler to minimize heat loss.

Plate 3.3 the lagging material: fiber glass

4. Pressure gauge: It is located at the steam valve outlet of the steam boiler. It is

used to measure the pressure at which the steam flows out of the steam boiler.




Ny

It helps in the investigation of the steam flow characteristic (volume, flow rate,)

Plate 3.4 pressure gauge

3.1.3 Design Consideration

The main and paramount objective of the steam boiler is to be able to generate
the heat required for the conversion of water to steam, to serve as a suitable laboratory
aids and academic teaching aid, to produce steam at a low pressure which can be used
at the laboratory, minimizing the heat loss to the surrounding from the system (steam

boiler) and dispose of the exhaust fumes through the chimney after utilization.
In the fabrication of the steam boiler, the design requirement includes:
i.  The globe valves should be provide so as to indicate the level of the water in

the system(boiler)
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ii. A temperature sensor to indicate the operating temperature.

iii. A pressure gauge to indicate the amount of pressure in the system.

iv. A Safety valve to ease out the pressure of the system when it exceeds the
preset values.

v.  The system will be lag in order to avoid heat loss

x>

Plate 3.5 3D schematic drawing of the boiler
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3.2 MATERIAL SELECTION

The materials selected were based in their ability to meet the constraints and
objectives requirement. The strategic steps for the material selection in the design of
component includes: converting the design requirements into a prescription for a
selecting a materials. This proceeds by identifying the constraints that the material
must meet and the objectives that the design must fulfill. These become the filter. The
materials that meet the constraints are rank high in their ability to fulfill the objectives
were the potential candidates for the design. The constraints and objectives includes:

excellent machinability, rigidity, low cost, light weight, Durability.

i.  Mild steel (Malleability, Heat resistance at elevated temperatures, Resistance
to corrosion, Weldability and Low cost)
ii. Tubes (High thermal conductivity, Malleability, Resistance to corrosion and
Weldability)
iii. Insulation Material (Fibre glass): Low thermal conductivity, Durability.

Low cost
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3.3 DESIGN CALCULATION

Heat loss during convection and conduction (Q;)

Ql=dQ/ dt = temperature difference
Thermalresistance
Thermal resistance R = AT/gq = L/K
Where |=thickness
Q= heat flow rate

T= temperature

For steady heat transfer g, = ';—? which is a constant. The rate of heat conduction is

Given by:Q, = —ka (5) (equation 1)
Where k = constant thermal conductivity within the given temperature range

A(Area of a cylinder through which heat is transmiited) = 2nr.L .........

(equation 1b)

Considering a hollow cylinder as shown in Figure 3.1 below

N

Piate 3.6 hallow cylinder
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Let

ry, Tz = inner and outer radii respectivity

T, T, = internal temperatures of inner and outer
Substitute equation 1b into equation 1

dt
Ql = —K.2mx. T.L;

Q..dr = —K.2nr.Ldt

¥
Q.dr = -2arl.K dt
dr
Q,.T = -2l K dt
ra2dr L Ty
Q fr1 ~ = -2nlK f,l dt
Q,m:—f = —2nl.K(T, —T,)
QInZ:=2nLK (T, - T;)
1
o
Ne -
Q=32
m rq
T4=T3
Ql — k’”iZ/ru
“ZmiK
I'lrz /r .
—
Where Zoix Tepresents the resistance.
To obtain the heat loss of the cylinders, taking into consideration the insulation
material used, we solve as follows making reference to the cylindrical section of the
shells as shown in figure 2.2 below
f
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Plate 3.7 the internal stress diagram of the boiler
Whereby:

r; = = radius of the inner shell(cylinder),

1. =1y + thickness of the insulation material,

r, = radius of the outer shell,

T, = temperature at the surface of the inner shell,

T, = temperature at the surface of the fiber glass insulation,
T; = temperature at the surface of the outer shell,

tn= temperature of the hot fluid (water) flowing inside the cylinder,
k, = thermal conductivity of the inside layer 1,

k, = thermal conductivity of the outside layer 2,

t.; = temperature of the surrounding

hng, hey = inside and outside heat transfer coefficients

For the inner part of the cylinder, the heat transfer is through convection is given by
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qc = hthl(thf i T1) = 721 but A =2nr.L

h;Aq

4. = hthl(Ti = Tl) = Ti:TI .............................. equation 2

28T ""tf

After the inner section the heat transfer on the outside is through conduction, is given

by:

Tl-Tz -
P R S~ equation 3

¢ Zl;kx n;f
¥

L-T3 -

L/ P v equation 4
€ Zt:kz ﬂ;f
the final heat transfer on the outside is through convection is given by;
i, .
qc = cfAz(T3 - cf) = _Llf_ ------------------------------ equation 5
2mnrg . L. hc,
Making the temperature difference the subject of the formula in equations 2 to 5
gives:
_ qdc .
> thy — Ty Freraligy T equation 6
qc IR;L
T,—-T, = _LZn'lkl .............................. equation 7
aclnZ :
T,—-T; = Tl T equation 8
— = e .
T3 —t o equation 9
Therefore, the heat transfer from (x — t.y)
¥ (tnp=tep) = (tng —T) + (T1—T2) +(Tz—T3) + (T3 — )
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Tz kb
- gt  gint a

(thf - tcf ) = 2rry LRy * Zrlky 2rlk; Zarz Lhey

.. T « 72 \
(tur — top) = S i 7 e 1 _
hf Cf - qc 2!!'1! hhf Z‘I'ull 21!&2 2!!'2”1‘-’ qc -

(Err—tcr)

2mry l'lh, 2xlky 2nlky  2mral hc[

g = Anf—tcr)
= = T
¢ 1 S "'?:“ + ’"‘rf 1
2wl\7ry hhf [ 2% kp r hcf

ZRl (tpp—tcf)

4c= 7
S G
rihgy Ry ky “raky

(Heat and mass transfer fifth edition, page 104-112)

Insulation thickness (t)

When insulation is added to the inner shell, the outer surface will decrease in

€ 4

temperature and at the same time the surface area for convective heat dissipated will

be increased.
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Plate 3.8 the internal stress diagram of the boiler

where:

T, = inner surface temperature
Ty = inner surface temperature of the surrounding
ho = convection at the outer boundary

r — R=thickness of insulation

the heat loss per unit length of the cylindrical shell through the insulation is

given as:

1 In: 1
2nK  2mhr

_ 22T Ty
= ——
Ing 4

K hr
To obtain an optimum value of the heat loss, the first derivative of "1! with
respect to r to be zero
s a (q\ _
ie (1) =0

letu =2n(T, — T,)

Inc 1 1, r ., 1 1 1 1 1 1
= By —=1p, 1L 1 - =2 - = =l
v + = <In=-+ - = Inr—R)+ —=-Inr InR+




*

du dv 1 1
So that, d—r—o and o e
Therefore;

w 1,7, 1Yy oy, (11
g (g) _ (e ) @ - 2T (5 m7) -0
or \1

r 2
HE R
By cross multiply, we have
1 1
=> - ZH(TI—TO) X(F— = =0

Dividing through by — 2m(Ty —Ty),  we have

1 1
(6= =) =0
1_ 1
kr . mr?
kr = hr?
Dividing through by r ;
k=hr = f: r Where r  denotes the critical radius which is

the optimum thickness to minimize heat loss.

uantity of steam

h,_
x= —%L from hg= he+xhg, x hy = enthalpy of vapour
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3.2.1 APPLICATION OF FORMULAS AND EQUATIONS

Insulation thickness (t )

Ed k.
I
=

Thermal conductivity of the fibre glass, k; = k =0.0485 w/mk

enthalpy of air surrounding h, = 7.9w/m2k (for air to mild steel)

therefore;

0.0485
7.9

Tr=

r =0.00614m

The thermal conductivity of mild steel is between 26 - 37.5 BTY/ (hr. ft.-F)

Taking the average thus;
22205 = 31.75 BTU/ (b ft.-F)

But 1 BTU/ (hr.ft.-F =1.731 w/mk

k; = 1.731x31.75

k, = 54.96w/mk



HEAT TRANSFER IN THE STEAM BOILER
==l DA NWIERIN NV OSINAM BOILER

2al (thf"tcf)

q = ¥ ¥
mt 2
; +_'l + +;
Tihay kg kz “rphy

Where

length,l = 0.110m

radius,r = 0.120m ; radius,r, = 0.150m ;s radius,, =
¥ 0.152m
thf = 112.84°C M tcf= 27°C

hhf = hcf = 7.9W/m2k
k1= 0.0485 w/m k
k; = 54.96 w/mk

therefore;

*’ q = 2)(1()(0.120(385.84—300 )
) ( L, - I +__1_)
0.120 x79 0.0485 5496 79 x0.152
_ 64.721
1= {054 + 4.600 + 0.0002408 7 0.333 3
_ 64721
1= 648722
q = 9.976 watt
To obtain the valuefor T,, T,, T,
-
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From equation 6

Ac
2nrylhpy

thf —T1 =

q
therefore; T,= tps— anihhf

9.976
2Xmx0.120%0.110X7.9

T, = 385.84 —

T, =370.61k ; 97°C
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T qc In%
17527 Hm,
l‘t
Therefore; Ty = Ty —
erefore; T = Ty — 52"
02.150
9976 M2
T, == 37061 — ———2120_ = 304 2k
2 370.61 2XmX0.110X0.0485 3
From equation 8
qclniz
T, =T = —=%
2~ Tz 2mlky -
Therefore; T; is equal to
3
qcinz 9976 %132
Ty=T,——% = 3042 —— — 015 _
2nlk, 2xwx0.110X54.96

T,= 3041k 31.1°C
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3.4 COST ANALYSIS

3.41 Material Cost

S/ | MATERIAL DESCRIPTION Quantity | Unit Price(@N) | Amount
N &)
1 Pressure and temperature Gauge 1 5,000 5,000
2 | Steam Pipe 8 2,000 16,000
3 Pressure Hose 1 1,500 1,500
4 | Mild steel sheet metal (2mm thickness) | Short 9,500 19,000

length
5 | Fibre glass Little 4000 4000
6 | Mild steel pipe Zm 5,000 10,000
7 | Digital control panel 1 10,000 10,000
8 | Bumner 1 4000 4000
9 | Aluminium sheet Short 4,000 4,000

length
10 | Painting and finishing 10,000 10,000
11 | Miscellaneous, transportation and 25,000 25,000

others
TOTAL
108,500

Table 3.1: table showing the material cost of the components




CHAPTER FOUR

4.0 FABRICATION AND TESTING
4.1 FABRICATION

The components of the steam boiler were fabricated and assembled one after the
other. After each component was fabricated as described in item 3.1.2 of chapter
three, the individual components were assembled. The assembly and fabrication were
described as follows:

A three drum made of mild steel of 1.5mm thickness which form the major
component of the chambers was measured and cut out. The water section of the drum
is 100mm length and 240mm diameter, the drum of the steam section is 110mm with
same diameter and the reservoir is S0mm. The flat plate of the same material is used
for inter-connecting each section of the boiler to the next is made up of 0.15m mild
steel plates in which holes were drilled copper tubes. The tubes are in the same level
with the plate beneath the water chamber which pass through the steam section to the
reservoir tank. It is 300mm above the plate separating the steam section from the
reservoir tank. Also a non-return valve used to interconnect the plate separating the
reservoir tank from the steam section to the plate separating the water section from the
steam section. The valve is in the level with the plates.

A hole was punched on the plate separating the water and steam section from
each other for passage of steam. A burner was welded beneath the water chamber
plate. The control panel is boited on the steam chamber and safety valve consisting of
a spring loaded stopper with adjustable screw for pressure control Finishing operation
such as body filing, chrome spray and painting . Fibre glass was used for lagging and

aluminium was used for the covering,
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Fig 4.1 The designed and fabricated steam boiler
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4.1.2 Maintenance

The following maintenance tasks are to be observed regularly in the cause of the usage

and operation of the steam boiler:

i.  Chemical cleaning: Water treatment is necessary to aid in the removal of oxygen
in the feed water and prevents corrosion. The addition of an oxygen scavenging
chemical (Sodium Sulphide, hydrazine or Tannin) will remove oxygen in the feed
water and prevent corrosion (Spirax Sarco website, 2009). The chemical cleaning.
process for a steam boiler removes pollutant and impurities that impedes the
transfer of heat within the generator that may result in system failure. Hot alkaline

chemical cleaning can also be used to remove oil, grease and other protective

coatings that were necessary during the fabrication of the steam boiler but will act
as pollutants and impurities during operation (Chris Passas, 2009).

ii. Flushing with water: Residual pollutant and impurities from the fabrication of
the steam boiler include metal scales, welding slag, oil and dirt. Chemical
cleaning removes metal scale and corrosives, but flushing the steam boiler with

water can remove simpler debris such as dirt and sand.

iii.  Cleaning of the burner and ensure that the valves are free from dirt.

4.1.3 Safety
During the design and fabrication stage of the steam boiler, the failure concept has
been brought to a minimum taking Murphy’s Law into consideration. The following
safety procedures were observed in the design and fabrication of the steam boiler as well
as safety during its operation;
i.  The chimney was constructed in such a way that it is above an average person’s

é height to prevent inhaling of the exhaust gases during its operation.
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ii. A globe valve was incorporated to know the water level of the boiler.
iii. A safety valve consisting basically of a spring loaded stopper with adjustable
screw is used to ease out the pressure of the system when it exceeds the preset

values
4.1.4 Safety Measures
The safety measures to be carried out regularly upon operation include:

i.  Test for methane gas linkage at the hose and burner section.
ii.  Remove dirt, soot or corrosion from the burner and boiler.
iii.  Check the system temperature and panel reading on the panel to ensure that it is
operational so as to enable the monitoring of the temperature of the system.
iv.  The globe valve (outlet valve) should be kept opened when water is poured

through the chimney.

4.2 TESTING
Upon testing, the steam boiler produced steam required at an efficiency of 78.5%
when the boiler was fired. The following parameters were also gotten after testing the

steam boiler.

i.  Temperature of the combustion chamber during operation: 169°C

ii.  Pressure gauge reading during the discharge of steam: 1.52bar

ili.  Pre-heating time before steam production: 10minutes 50 seconds
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heat gained by water = steam generated = m,, c,,AT = (m w—m)(hs —hy)
m, = mass of water remaining
w = density X volume = 1000 x 0.002 = 2kg
note: 2litre of water was used and was heated for 1hr
Heat gained by water = 2 X 4.2 (385.84 — 299)
= 729.456 KJ

Heat generated by steam = =hs at 27°C and h, at 112.8°C

mass of water remained after heating = 1.6kg
=(2-1.6)(470-1119) = 04 x358.1 =
steam generated = (2 — 0.4)(470 — 111.9)
= 1.6(470 — 111.9)
= 572.6K]

steam generated
heat gained by water

Efficiency = x 100%

572.6

=—729.;56 x 100% = 0.785 x 100% = 78.5%
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION
5.1 CONCLUSION

This project presented a successful design and fabrication of the steam boiler. The
burner used produced sufficient heat at a temperature of 223°C to convert water into pure
steam. The steam is delivered at a pressure of 1.52bar .The efficiency of the boiler

obtained is 75.8% at 116°C.

5.2 RECOMMENDATION
The following are the recommendations:

i.  An alternative source of flue gas expulsion.

ii.  Stainless steel should be used as it possess better material property requirements

that mild steel when cost is not a constraint.

A ili.  An altemative outlet valve installed to discharge the water remaining in the boiler

after used.

iv. A water pump to be installed to pump water into the preheating section

automatically.
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