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ABSTRACT
The growing need for energy by the human society and depletion of conventional energy sources
demands a renewable, safe, infinite, Jo@st and omnipresent energy source. One of the most
suitable ways to solve the é&tbherpenerokttelsune wor | do
Photovoltaic devices are especially of wide interest as they can convert solar energy to
electricity. Energy is the prime mover of economic growth and it is vital to sustenance of a

modern economy, energy also drives and improvesyicle.

This project seeks to solve the challenges that come along with the use of charcoal as source of
energy in portable food warmers by replacing it with use of solar energy. The design and
methodology, challenges and recommendations that comewithnthe use of solar energy has

also being looked into in this project.
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1. CHAPTER 1

INTRODUCTION

1.1 BACKGROUND INFORMATION

A portable food display warmer is typically device used to keep foods warm at a certain
temperature and is usually for commercial purposes by vefiddps://en.m.wikipedia.ojg The

device is equipped with three sets of wheels to make its movement much Basiéonally,
charcoal hadveen the gurce of energyor these devices. Charcoal is combusted dedheat
energy from charcoal is used to heat water contained in asgiffeompartment to produce steam,
which is then used to heat the compartment containing the food to be warmed.

However, this method is associateith emission of carbon monoxide resulting from incomplete
combustion of charcoaince carbon is a major cstituent of charcoglSajid et al., 1998

Another source of energy that has been employed in this field is electric energy wherehig

a heater connected to an electric circuit. Here the heating is either controlled by a switch where
one is requiredo keep switching it on and off manually or the heater can be linked to a thermostat
which will automatically regulate the temperatures

This project seek® address the complications that come with the use of charcoal as a source of
heat energy, and regae it with goresumablypetter source of energy for heating which in our case
we think, solar energy.

Solar powered food display warmers aim at using solar energy to heat water, a process that will

be followed by production of steam that would be usdtktt the platform containing the foods.


https://en.m.wikipedia.org/

1.2 PROBLEM STATEMENT
Emission of carbon monoxide causes a great concern when using charcoal as the source of energy

in the food warmers.

Carbon monoxide is produced as a result of incomplete combustion of charcoatpkeie
combustion arises due to limited supply of oxygen present since after the chstartsl
combusting the compartment where it is placed is enclosed and small amounts of atmospheric air
penetrates inside meaning that the combustion solely reliée @ which was previously present

in the compartment.

Carbon monoxide is toxic and breathing it at high concentration has health effects that include
headaches, lightheadedness, weakness, vomaimd),nausea. tAhigh concentration for long

enoughexposure it can cause dedtNational Academy of Sciences 2002

Apart from health effects, when carbon monoxide is emitted into the atmosphere it affects the
amount ofgreenhousgases such as carbon dioxislkich is linked to climate change and global

wa ming (Australiabds car20®n monoxi de emission

Anotherconcerning aspect of charcoal is that pieduced from forest resourcessulting in the
extensive use of forest biomass which could represent a potential issue in regards to environmenta
harm. Due to the large amnt of charcoal that is needddforestation could be an issue if high
demand is paired with poor forest management and regulations.

In addition,charcoal is also inefficient and dirty, creating a large amount of black sostdaha
stoves have about 10% efficiency, meaning that 90% of the heat is lost while §demipynton

May 7"2015. Because of this inefficiency, charcoal stoves can take up to 30 minutes to heat up.



1.3 JUSTIFICATION

WHY SOLAR OVER CHARCOAL?

Solar power igjood for the environment: the most commonly known fact about solar energy is

that it represents a clean, green source of energy. Solar power is a great way to reduce your

carbon footprint.

Ther eds

not hingeahbhodout redkeas

any greenhouse gasséSreenmatch.co.uk last updated October 2019).

The carbon footprint in Kenya is as illustrated2018,carbon emissions per capita for Kenya

were0.41 metric tons an increase from 0.25 metric tons in 1999 growing at an average annual

rate 0f3%. (knoema.com)

Table 1.1 Carbonfootprint in Kenya

DATE VALUE CHANGE, %
2018 0.41 0.00
2017 0.41 21.73
2016 0.34 -6.44
2015 0.36 6.55
2014 0.34 2.85
2013 0.33 9.35
2012 0.30 -5.71
2011 0.32 -0.43
2010 0.32 5.48
2009 0.30 14.23




2008 0.27 2.70

2017 0.26

Thereforefrom the tablel.1 above we can see if we replace the use of charcoal with solar

energy in food warmers it may lead to reductiothefcarbon emissioper capita in Kenya.

The health issues that arise from usah@rcoal arg@rimarily due to the smoke that is produced
when the charcoal is burned, includes an increased number of cases of pneumonia, stroke, heart
disease, and lung cancer. Overall, the World Health Organization estimates that there are 4

million deaths per yeahat are partially caused by the usedaitsfuels, including charcoal.



1.4 OBJECTIVES
1.4.1 GENERAL OBJECTIVE
The main objective of this project is tievelop solar powered food display warmer
1.4.2 SPECIFIC OBJECTIVES
i.  To design and fabricate a solar powered fdisglay warmer.
ii.  To determine the heat gain given by the heating element and the corresponding heat
output.

iil. To determine the rate of heat transfer.



2. CHAPTER 2:

LITERATURE REVIEW
2.1 INTRODUCTION
Energy resources are broadly classified asnemewable and renable. Norrenewable
resources, also known as conventional energy resources, are finite (exhaustible) in nature and are
mainly of fossil origin. These include coal, petroleum, natural gas, nuclear, tar sands, oil shale
and shale ga@ierzog et al., 2001 Renewable energy resources on the other hand are either
inexhaustible or can be replenished within a short period through natural cycles. These include
solar, wind, geothermal, hydropower (hyeslectricity, tidal and wave) and biomass.
Solar energy is ireked the primary source of energy as most of the other sources are derived
from it. For example, solar energy is naturally used by plants (through the process of
photosynthesis) to manufacture their food, storing it in a stable chemical form. As humas being
we use the light and the heat generated by the sun for various applications, which can be
classified into solar photovoltaic and solar thermal applications.
For our project we will consider mainly the application of solar photovoltaic type.
This sectiorwill seek to describe and discuss the researches from various sources such as
textbooks articles and the internet. It consists of information which is vital in the development of

this project.

2.2 Sources of energy currently used in food warmers

Currently inthe market the majorly applied sources of energy are charcoal and electricity.

2.2.1 Charcoal
Below is a design of a food warmer that is currently in the market and it uses charcoal, burning

charcoal is placed below the water compartment, heat from the charcoal heats the water, water



produces steam which heats the platform where the foods ard pladéy doing so the food is

heated.

As stated earlier the shortcoming of this kind of warmer is the emission of carbon monoxide and

also the charcoal dés wutility is not exhausted

Jii

Infinix SfNart.2

Figure 2.1 warmer that uses charcoal as an energy sduties://jiji.co.ke/29%rolleys)

2.2.2 Electricity
These types of warmers emplthe use of heating elements which are electrically charged so as

to create heat


https://jiji.co.ke/299-trolleys

Although they are efficient, they are not portable as they need to be constantly connected to the

source of electricity.
Heat lamp is an example of the element that can be used among others.

2.3 Solar radiation in Kenya
The strength of solar intensity measure in kW/n¥ and varies from time tbme. The daily
energy in kWh/rAreaching a particular location is determined by measuring the intensity over a
period of time. When the weather at any location is cloudy or rainy, the intensity and the energy
received ina day will be less compared to that of a sunny day.
Kenyads geographical |l ocation across the equa
earth movements do not significantly affect the total solar energy that reaches the surface all year
round.
However, other weather parameters such as clouds and mist cause the notable differences.
Generally, the countmeceives between 4 and 6kWH/ai solar energy. Table below shoasme
monthly averages of selected towns and their respective annual ayesageshow the potential
at a glance.
Table 2.1 Solar insolatiorfor selected towns in Kenya (Kwh#jr(from Solar Water Heating

Training Manual for the Kenyan Industry 2017)



Town J F M A M J J A S O | N D | Av
Nairobi 576 | 634 5.97| 526 5.01 | 454|440 | 4.65]|561 533469520523
Nakuru 6.19 | 6.67| 647 | 592 | 595|5.61 549|585 6.58|6.07 | 543576 | 6.00
Eldoret 594 | 637 | 6.21] 570 | 5.60 [ 5.21 | 5.10 | 5.45 | 6.16 | 5.82 | 5.40 | 5.66 | 5.72
Kisumu 592 | 633 | 6.27 | 564 | 545|506 | 491 (511|591 573 | 542|576 5.63
HomaBay | 620 | 6.55| 6.57 | 6.06 | 5.90 | 5.67 | 5.74 | 6.11 | 6.47 | 6.20 | 5.92 | 6.13 | 6.13

Mombasa | 6.23 | 6.54 | 6.48 | 5.64 | 4.84 | 475 4.90 | 5.65 | 6.35 | 6.45 | 6.37 | 6.20 | 5.87

2.4 Solar photovoltaic (PV)
Solar PV is a technology thebnverts solaenergy to direct current (DC) electricity by exploiting
the properties of certain materials technically called semiconductors (e.g. Silicon). When solar
radiation falls on these materials, their atomic structures react in such a way that it generates
continuous electric current. The strength of the generated current is proportional to the strength of
the solar radiation: During cloudy or rainy weather, the strength of solar radiation is very low and
so is the generated current.
The power generated by soRY is used to provide electricity for many different applications.
Due to the fluctuations of the strength of solar radiation, a battery is usually necessary to store
the generated electricity. It is also wallited for remote regions where thare no Hernative
sources of electricity. To run alternating current (AC) appliances, an inverter is needed to convert
the DC electricity to AC electricity.
Usually, semiconductor materials are manufactured in form of cells. Cells are then connected in
series tanake a solar PV module or solar panel (usually found in the shops). Solar PV modules

can also be joined together in series or parallel connections to provide even large amounts of



power to even megawatt (MW) capacity. Nowadays, solar PV can provide agpower as any

other technology available in the market and the quality of electricity is similar to grid electricity.
There are numerous applications that this generated electricity can be used for e.g. lighting
homes, providing power to (villages anddgnetworks), water pumping, air conditioning,

powering telecommunication masts and so forth.

In the recent years, photovoltaic (PV) cells have seen quite a number of new and more advanced

applications e.g. generating electricity to powerctic vehiclesand aeroplanes

2.5Basic Heat Transfer Mechanisms
2.5.1 Conduction
Conduction is the transfer of heat by the movement of particles that are in contact with each
other caused by a temperature difference between them. Metals especially copper are good
examples of enductors. For this exchange to take place, the molecules must get into contact
with each other. If one heats one end of a copper rod, heat spreads very fast to the entire length
of the rod and it can be felt easily from the other end. Conduction isnt&sids but also occurs

in liquids and gases or a combination of any of the two. Conduction cannot take place in

Mezl\rod b Ii j} |
\

vacuum.

Wax

Support

Figure 2.2 Heattransfer througltonduction(Solar Water Heating Training Manual for the

Kenyan Industry, 2017)
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2.5.2 Convection
Convection is heat transfer by mass motion of a fluid such as air or water. The heated fluid
moves away from the source of heat, carrying energy with it. Convection above a hot surface

occurs because hot fluids expand, become less dense, and rise.

Figure 2.3:Heat transfer through convection

2.5.2.1Free convection
In free convection (also natural convection or thermo siphon) the movement is caused by the
heat flow itself. When a fluid is in contact with the hot surfaces, initially the fluid absorbs energy
by conduction from the hot surface. The molecules of thd §et energized and start moving
faster and so the fluid density decreases as the volume expands. The heated portion then rises

through the unheated fluid, thereby transporting heat physically upwards.

11



2.5.2.2 Forced convection
In forced convection the fluid sctively moved over the heating surface by an external force such
as a pump. The movement occurs independently of the heat transfer (i.e. is not a function of the
local temperature gradients).

2.5.3 Radiation
Radiation is the transfer of heat by means of elecignetic waves. To radiate means to send out
or spread from a central location. Whether it is light, sound, waves, rays, flower petals, or pain, if
something radiates then it spreads outward from an origin. The transfer of heat by radiation
involves the caying of energy from an origin to the space surrounding it. That is why we are able
to feel the heat from a fire place or an oven even from a distance. The energy is carried by
electromagnetic waves and does not involve the movement or the interachatt@f The solar
water heating collector receives electromagnetic radiation from the sun which it converts to heat

energy.

¢

& ® g

Figure 2.4 Heat transfer through radiation
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2.6 Water Heating Techniques using solar energy
The three heat transfer mechanisms play a very big role in heating water for various applications.
Solar collectors are the main converters used to facilitate this transfer of heat from the sun to water.

In principle, collectors are categorized into three graupmly based on the temperatures of the

required hot water.
These categories are:
i. Low temperature collectors
a) Unglazed mats (Swimming pool collectors)
b) Perforated plates (Ventilation air preheating)
ii. Medium temperature collectors
a) Glazed andnsulated collectors (Domestic water, space heating, commercial and
industrial process heating)
iii. High temperature collectors
a) Evacuated tubes (domestic and industrial process heating)
b) Concentrating collectors (Electricity generation)
Low temperaturedallectors are used for space heating, drying or warming water mainly in
swimming pools (4660°C). Medium temperature collectors are used in heating water for
domestic use or provision of medium temperature process he@@CQ High temperature

collectas on the other hand provide high temperature process heat and also provide steam used

in electricity generation (3@00°C).

13
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Unglazed mat Flat plate
/ Parabolic trough

Evacuated tube Concentrating collector

Figure 2.5 Example of collectors for various applications

2.7 Application of heat transfer mechanisms to thevarious types of

solar water heaters

2.7.1 Passive and Direct solar water heating system
(thermo siphon)
Solar radiation heats up the collector tubes through radiative heat transfer, the copper tubes of
the collector transfer heat to the fluid through condauncéind the heated water rises up through
convection. Natural circulation within the SWH system takes place due to convention and

depends on the tilt angle (15° to 45°). Hot water is directly used by consumer.

14



A = Cold water in from the mains
B = Cold water flows to the bottom

C = Hot water rises up to the top of
collector

D = Hot water rises & accumulates in the
top of the tank

E = Hot water for use.

Figure 2.6 lllustration of a direct SWH system

2.7.2 Passive and Indirect solar water heating system
(also thermosiphon)
The passive and indirect SWH system works in a similar way to the passive and direct system.
However, the water or fluid that runs through the cotleeind the inner tank (E) is different
from what gets to the user. The inner tank and the collector form a closed loop. Heat transfer

from the inner tank to outer tank is through both conduction and convection.

| | A= Sacrificial anode rod

B = Collectors

C = Insulation casing

D = Outer tank

E = Inner tank

1 = Cold water in

2 = Cold fluid flowing into the collector
3 = Hot fluid out of collector

4 = Hot water heated up by the inner tank

5 = Hot water out

B

Figure 2.7 lllustration of an indirect SWH system

15



2.7.3 Active and direct solar water heating system
This system requires a circulation pump between the storage tank and the solar collector to drive
the water up to the collector. The water that runs through the collector is1ieensder that is

used by the consumer. Forced convection is applied here as opposed to the passive systems.

Figure 2.8 Active and direct system with stratification

2.7.4 Active and indirect solar water heating system
The system requires circulation pumps between the storage tank and the solar collector. Some
systems also incorporate a second pump to force convection between the primary hot water
storage tank and the heat exchanger. Usually there are two sensorthertamk and another in
the solar panel to sense temperature differences. Water is heated and stored in the hot water
storage tank. Then through a heat exchanger it transfers the heat to the utility water through both

conduction and forced convection.

16
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Figure 2.9 Active and indirect (closed loop) system

|

2.8 Solar Water Heating Components

As discussed in sectic¢h7, there are quite a number of different types of solar water heating
systems and depending the type; several components are connected to make up a complete
system. Despite the differences, all systems have similarities and only vary slightly.
Key components include:

1 Solar collectors

1 Mounting structure

1 Hot water tanks

1 Backup systems

1 Valves

1 Heat xchangers

1 Heat transfer fluids

1 Pipes

T Pumps

91 Controllers

17



1 Expansion tanks
However this project has a major interest in solar collectors, mounting structure, charge
controller, battery and heat exchangers.
2.8.1 Collectors
A solar water heating collector captures or absorbs heat from the sun in form of electromagnetic
radiation and transfers that heat to the water. The collector is the main device in the system,
without which the system would not deliver hot water. Soldectdrs are of twaypes; flat
plate and evacuated tube collectors.
2.8.1.1 Flat plate collectors
The flat plate collector is the most commonly used solar collector around the world. Although
there are a number of variations in the design of the flat plate twollectypical flatplate
collector is usually a metal box with a glass or plastic cover (called glazing) on top and a dark
colored absorber plate with embodied fins (pipes) enclosed within. The sides and the bottom of
the collector are usually insulatemninimize heat loss.
Individual components of the collector consist of:
AGl azing: Toughened glass (glazing) that ©pro
while allowing over 90% of sunlight through. It also prevents heat loss in form of lovigeed
waves from leaving the housing.
A Absorber plate: A thin sheet made of copper
material that is extremely efficient at absorbing sunlight and converting it into usableTheat.
copper or aluminum sheistultrasonically welded to the copper riser pipes sometimes called

fins.
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A Riser & Header Pipe: There are both top and
risers are brazed together to for mdarculatesat e xc
through.Solar energy incident on the absorber plate is transferred to the fluid flowing through

the riser tubes. Cool water enters from the bottom header and warmed water exits through the top
header. The risers should be good conductordhawe a large surface area.

A Insulation: The insulation helps reduce heat loss from the sides and the back of the

collector. The material should be light in weight and low thermal conductivity. E.gliglta

weight melamine foam or fiber glass, Catler frame: The outer framework of the collector is

made of a light and strong material and designed in such a way that it is easy to mount. E.g.
aluminiumalloy

A Back Sheet: it seals the back ofwhiehe col | e
offering protection from weather elements.can be made from aluminium alloy or galvanized

iron sheets etc.

Absorber plate

Hot water retum
fo slorage fank

Header tube

Insutation Source: Master plumbers et al.

Figure 2.10Parts of a flat collector
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2.8.1.2Evacuated tube collectors
The evacuated tube collectors are made of a series of glass tubesdnouotvs and plugged
into a manifold box through which the heat transfer liquid (water or water/glycol) flows. Toxic
fluids such as ethylene glycol should not be used in potable water heating systéynson
toxic propylene glycol may be used. Insech tube there is an absorber. The absorber is
located inside a double glass tube with a vacuum between the two tubes. The inner glass tube has
a selective surface facing outward to absorhb
tubes or passagewayhrough which the heat transfer fluid flows allowing the heat to be
transported away from the absorber. The loss of heat from the absorber by natural convection is
eliminated by the vacuum and, as a result, high operating fluid temperatures of upG@a20
be achieved. The possibility of higher temperatures is of particular importance for solar industrial
process heating application because it increases the number of applications where solar energy
can be used.

There are two common types of evacuatdsktcollectors; heat pipe andtube.

2.8.1.2.1 _Evacuated heat pipe collectors
A heat pipe evacuated tube collector uses heat pipes to transfer the collected solar heat from the
tube into the flowing fluid in the manifold. Heat pipes are made up of copper tiiles w
contain a very small amount of water in a partial vacuum. The heat pipe is encased in the inner
glass tube. When the heat pipe is heated, the small amounts of water inside vaporize and rise to
the top of the heat pipe into the heat exchanger in tm#faféh The flowing cold water is heated
through the manifold and at the same time cools the vapor inside the heat pipe where it

condenses and falls to the bottom of the heat pipe.
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Insulation
Vi Hot water out

e

Cold water in —~—
~— a5

Heat exchangef'

Vacuum rising to
heat exchanger

Copper evacuated _{{.J
heat pipe
Absorber fin —H

T

Cold water fall

to the bottom
Heat transfer
liquid (Water)

Source: Master plumbers et al.

Figure 2.11Evacuated heat pipe

2.8.1.2.2 Evacuated Utube collectors
As opposed to the evacuated heat pipe type, evacuatedeltollectors allow cold water to be

heated as it through a 6U6 shaped copper

Hot water out
\

/

Vo

Cold w/ater in

Cold water
flowing down |

Copper U tube

Heated water
rises up

=

Figure 2.12Evacuated U tube

Source: Master plumbers et al.
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2.8.2 Comparison between Evacuated tubeollectors
and flat plate collectors

Advantages
A E v a-tubezcollectbrs are able to retain more heat than theléét collectors and are
more efficient in cooler climates.
A The s ha p dubscbllectors ansures that ithe solar radiatiatwsys perpendicular
to the surface of the outer glass tube.
A Capture sunlight better as they have a grea
AThey are durable and if a tube should be bro
A R e q u inallez roaf aresa than comparable flat plate collectors
A Do not have the same |l evel of corrosion pro
Disadvantages
Al ncr eased c o4ube coléctottharthedlat plateuype celldctor
AThe e vtabe aolledbre are more prone to damage from severe weather and handling due
to their delicate construction
A - Vacuum tube collectors take more time to as
to hoist onto the roof.

2.8.3 Mounts and mounting structures
Collectors may be either roof mounted or ground mounted. They must be firmly mounted to
secure them against any external interference. Mounted collectors are not only exposed to the
sun but also to other weather conditions like the wind forces, rain, snow endiolét rays.
Winds and thermal expansion and contraction may cause installed bolts and roof seals to loosen

over time if not well done.
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The most common arrangement is where the collector is above and parallel to a metal or tiled
roof. The minimum tilt 6r flat plate collectors required for effective cleaning by rainwater and
for thermosiphon effect is 15° while for evacuated tubes 20° to ensure reliable working of the
heat pipe to transfer heat to the manifold.

2.8.4 Heat exchangers
Heat exchangers can eith® internal or external to the storage tank. It is important to bear in
mind that temperature stratification provides substantial operational performance benefits. For
internal heat exchangers, correct integration of the tank and heat exchangers weasgatesin
is essential to allow for water stratification. The location of the heat exchanger and the flow rate
in the collector loop determines the degree of thermal stratification.
Helical coil heat exchangers can be integrated in the collector looptlwe inad side hot water
storage. Plate type heat exchangers are commonly used externally with the fluid flowing in

opposite direction.

Alternating

o plate pack

Hot water from
-—
collectors

Hot water to
storage tank

. Cooler water return
to collectors

Cooler water flow
from storage tank

Figure 2.13Internal helical coils and external plate exchanger
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2.9Knowledge Gap

A

Fromthel it erature review itbds c¢clear t hat sol ar e |

warmers.

We are aiming that with a solar powered food warmer we can both address the issue of

portability and control of carbon monoxide emissions.
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3. CHAPTER 3

METHODOLOGY

3.1Introduction
Background information on the available portable food display warmers whiskheeoal as
the source of heat in the market would be accessed.
Literature reviewby using published books, article and internet materials to preview existing
designs of solar water heating systems shall be analyzed and utilized to develop cost effective
solar powered food display warmer.
Visitedshops dealing with solar devicéddore Jua Kali site and collecteall the necessary
equipmentsdata and materials for fabrication
The workabilty of the machine designed wiestedand values were collected for analysis.
Utilization of practical knowledge acquired in workshop, indusaitdchments and the internet

to aid in the fabrication of the portable warmer.

3.2Equipment and materials needed
Solar panel
Diesel glow plug (heating element)
Battery
Mild steel sheet metal
Stainless steel metal
Pieces of Glasses (4)
Frames
Connection wires

Small sized wheels (3)
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Welding machine and welding rods

Sheet metal bending machine

3.3Components of a portable food solar powered food display warmer

3.3.1 Galvanized iron metal compartment
This compament houses the battery and makes most of the part of ttadlecfood warmer. It

is painted for anesthetic purposes and also to increase it resistance to corrosion.

3.3.2 Mild steelcompartment
It holds the water that is to be heated to produce steam that is used to heat up the food. Mild steel
is the most preferred ntexial in this case to stainless steel which is quite expensive. The mild

steel also forms the platform which will be in contact with the food.

3.3.3 Metallic frames
These are to contribute to the support of the glasses. They also act as a link betweenlihe metal
compartment and the glass display section and support the surface on which the solar panel is

mounted.

3.3.4 Glass display section
The display area is mainly made up of glass for purposes of visibility and also to minimize on
heat losses from the device stnglass is a poor conductor of heat.

3.3.5 Mounting surface
This is a metallic surface at the top of the food display warmer, on which the solar panel is to be
mounted on in a tilted position. The solar panel is to be tilted so as to ensure much of its surface

area is exposed to the sun for maximum absorption of solar energy.
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3.3.6 Metallic_steampipe
This metallic pipe is attached onto the outside section of the mild steel water compartment. Its
main function is to act as an outlet of excess steam in the metallgaconent, the excess steam
cool into water and the pipe allows the watefidav back into the compartment.

3.3.7 Battery
This device is used to store energy which will be utilized in heating of the water in the absence
of the sun.

3.3.8 Heating element
This componenis used to heat the water after it receives solar energy from either the panel or
the battery.

3.3.9 Wheels
These ensure the portability of the food display warmer.

3.3.10 Lagging compartment

This compartment carries soil to ensure the heat generated in grecaaipartment does not

reach the battery.
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3.4Design diagram

3.4.1 - Dimensional view of portable food warmer

ST l

solar food display
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3.4.2 Sectional vievs
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3.4.3 Display views
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3.5Fabrication procedure
I.  Forming the metallidrame structuréy use of metallic tubes and joining them using

welding process and at the bottom installment of wheels done, one at the front and two
others at the back in adjacent positiangl welding of a pushing handle onto the
structure.

ii. By use of sheet metal makeectangular water compartment which is to be fitted
beneath the display unit.

iii.  Cutting out the sheet metal according to the dimensions and welding them onto the
metallicframestructure.

iv.  Atthe botbm of the water compartment drillsmall hole thatvould facilitate the
insertion of the heating element which is to be fastened by use of a nut to prevent water
leakages.

V. Onthe opposite side driinother hole where the steam outlet tube will be fitted, this
steam outlet will also act as an inlet tbe water.

vi.  Making of a solar panel mounting surface on the top of the display unit.

vii.  Installation of glasses at the display unit to the metallic frames.
viii.  Lagging in the battery compartment by use of a soil that will be contained in a metallic
plate.

ix.  Connecton of the solar battery, battery and heating element to be done as shown below:

figure 3.1 solar system connection
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Solar panel

Solarbattery

Heating
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4. CHAPTER 4:

DESIGN AND ANALYSIS

4.1 Material Selection

4.1.1 Mild steel

The carbon content in the alloy ranges between-0.869 pecent.

Advantages

T

Efficiently malleable: it can be bent, cut and twisted to create the desired shape easier
than other metal.

Ductility: this is the measure of how much a material can be plastically deformed by
elongation without fracture.

Weld able unlike highcarbon steel, mild steel can be coalesced with far greater ease.
Weight: compared to high carbon steel mild carbon steel is lighter. The proportion of
carbon is the main influencing factor for the weight. Working with mild steel is therefore
easier.

Greatly affordable: while working on a low budget, mild carbon steel proves to be the

best. It is an ideal material that keeps project cost as low as possible.

Disadvantages

T

Comparatively less strong: not suitable for applications where the nhatiirize
subjected to high stress.
Limitation to heat treatment: heat treatment affects the carbon content in the mild steel.

Less resistant to corrosion: it rusts easily.
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considering the above mentioned advantages, mild steel would be the most agpnegieaial
to be used for the water compartment. Due to the dimensions to be used for the water
compartment it will be economical to use mild steel.

Due to the ductility and malleability of mild steel it will be the most appropriate material to

undergo shet forming process and give the best effective results.

4.1.2 Galvanized iron

Advantages ofgalvanized iron

Lower cost and lower maintenance

Long life expectancy

Outstanding resistance to mechanical damage

Easily machinable

Nice aestheticand easy to paint.

Disadvantages of galvanized iron

The material is still susceptible to wearing over time, when the coating starts to chip off.

4.1.3 Glass
The most appropriate material to be used in the display unit is glass due to its visibility and it

being a poor conductaf heat.
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4.2 Factors considered in the selection of dimensions

. Amount of water to be used in the goantment; thiss an important factor since it will be

used to determine the height of water in the mild steel water compartment.

. Method of Heat transfer in ¢hwater compartmensincethe heat transfer in the water will

be by convection the heating element should be located at much lower level in the water
compartment so that as the bottom water is heated it rises upwards and the cold water at
the top flows tavards the bottom to the heated. Due to this reason the considered location
of where drilling is to be done is a height of 0.5cm from the bottom of ther wate
compartment at the rear side.

. Steam expansiqrafter water boiling in the water compartment, steait be given off,

hence the steam will require space for expansion as it heats the stainless steel platform
where the food is contained. Therefpan allowance of a height ofrh is gven after the

height of water

. Size of solar panel; this crucial inthe determination of the dimensions of thepeip
surface of the food warmer.

. Size of theBattery, This factor is very important in the determination of the length and
width of the surface extended from the mild steel water compartmemtithatpport these
components.

. Simplicity of the design; thelimensions that would be much easier to work with and

analyzed were selected.
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4.3 Sizing of the solar panel
4.3.1 Determination of the daily water energy
requirement
The daily hot water energy demand (L) is calculdtedh;
0 @ " w’Y Y P
Where; L = Daily hot water energy demand (kwWh/day)
V = volume of water per dayi( ¥Q w)w
" = density of waterysuallyp Tt TtQifH )
C = specific heat capitg of water (1serdt 11 p p QKT QN)
T hot = hot water delivery temperature

T cold = cold water temperature (usually’@sin Kenya)

Note: heat capacity of water=4185.5J/ (kgK)
ljoule=1-wattsecond
2 litre=0.002m*
The amount of water usdditre which is an equivalent to 1kg
Water boils at 108
Energydemands@t T ¢p MM MEBITTIP P QN TTTIP U

= 0.1983%Wh/day

= 198.39Wh/day

Size of panel to be used= 8

Peak hours 4hourd¢day
Size of solar panel —s
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=49.595 watts
Thereforea solar panel rated %0atts and above would be applicable.

The calculations were sourced fr@olar Water Heating Training Manual for the Kenyan

Industry 2017.

4.3.2 Calculation of eficiency

Efficiency=——— 1%

Useful heat gain is equivalent to the daily energy demand (L)
Heat output& 6 Y'Y 18

Where m is the mass of the stainless steel

Cy is the specific heat capacity of the stainless steel

T is the temperature change of the stainless
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4.4The fabricated solar powered food display warmer
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5. CHAPTER 5

RESULTSANALYSIS

Test results

Il nitial water temperature =17.56
Il nitial surface temperature (the
Final water temperature = 62
Final surface temperature = 56

Dimensions of the mild steel water compartment
17 inches(43.18cm) by 15dhes (38.1cm) by 3cm
External volume of the compartmente® Y o ® o T w@ux T A
The mild steel sheet metal had a thickness of approximately 2mm
Therefore, volume of the space occupied by water:
THY M o M o ™M T p @owuwo
(Note: 0.4 thicknessonsidering both sides)
Actual volume of mild steel used=w @Ux T T p @OW UL @K TH/ X YT

Heat gain

This is the heat in the water being heated by the heating element

40
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Heat gain & 6 XY

Using 2 liters of water which is equivalent to 2008cm

Mass of wateg, T 1 p' X @ ¢ T fikhis isequivalent to 2 Kg
Cp =4185.5 J/KgK

YY ocp®o TBTITS3

Therefore, heatgaine Tp@Wu T B8 T OX P @Y G
Heat output

This is the heat on the food platform

Heat output & 6 'Y

Cp of mild steel = 510.7896KigK

Mass of mild steel=
XT@X WX x@uv— v Y pP
This is equivalent to 5.8261 Kg
YY v ¢®BT3 OBIQS3
Heat output 98 ¢ @ PQ % 5 @@ pmTT @OTLO Y

MO 0N @at T @otuwy

M OO QW B0 0t 0 X p @OC

TE T
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Rate of heat transfer through the mild steel

o YvY

el

_- thermal conductivity of mild steel = @w 70 0

x-thickness =2cm

Assumption: The temperature at the inner surface at the mild steelsartte as that of the

water.

Y

Oz C?

W

T®
neitT[Ccpc VL pT UL ULVWHTTO

o:l (]

— 1 rate of heat transfer per unit area
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6. CHAPTER 6

COST ANALYSIS

6.1 Introduction
The following chapter looks into the cost that was incurred in the desigialamchtion of the
solar powered portable food warmer. All costs were evaluated in Kenya shillimgsummary

of all costs that were incurred have been included in the budget below:

6.2 Budget

ITEM NO. DESCRIPTION COST IN KSH.

1 50 watts panel 3500

2 026/12 solaMF (Solar 4500
battery

3 Glow plug( 12 volts) 500

4 Galvanized iron 1000

5 Mild steel 1600

6 Glass 2500

7 Miscellaneous 2500
TOTAL 16100
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7. CHAPTER 7

CHALLENGES, RECOMMENDATIONSAND
CONCLUSIONS
7.1Challenges
It was difficult to measure the exact temperature at the inner sufféloe water compartment

that is the temperature transferred by the convection currents.

The amount of time taken to heat is loligook approximately 1 hour 45 minutes to achieve the

corresponding surface and water temperatures from the ambient temperatures.

Heat losses by conduction inside the water compartment and by radiation on the food platform.

7.2 Recommendations
Since using a single DC element takubstantial amount of timerfbeating to be achievedew
recommend using at least two heating elements for heating to be adaistezdThis would in

turn necessitate the use of a higher capacity battery and also a solar panel of higher rating.

Using a material with a higher speaciheat capacity and higher thermal conductivity compared

to mild steel so as to get higher rate of heat flow.

7.3Conclusion
The design managed to reach outgmperatures of 56 degrees Celsius which is sufficient for
warming and maintaining desired temparasof the foods associated with the design, such as,
sausages, smokies and boiled egdrerefore, solar energy can be applied in this field to replace
the designs using charcoal which are currently in use and by doing so addressing the issues to do

with carbon emissions.
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APPENDICES

The rise of temperature with time of the food platform surface
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