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INTRODUCTION,
Man and energy:

Energy is prime necessity of our dav to day life. Man has need and used energy at an
increase rate for his sustence and we'll being ever since the came on the energy a few
1juili|}n years ago. Primitive derived this by eating plates or animals which be hunted.
Subsequently he discovered fire and his energy needs increase as he started to make use of
wood and other biomass to supply the energy needs Cook as well as for kipping himself
warm. With the passage of time, man started to cultivate land and agriculture. He added the
new dimension to the use of energy by domestication and training animal to work for him.
With further demand for energy, man began to use the wind for sailing the ships and for
driving windmills and the form of the falling water to turn water wheels. Till that time, it
would not wrong to say that sun and indirectly and that man was using only renewable

sources of energy.

Today, every country draw it's energy needs from a variety of sources. We can broadly
categorise these sources are commercial and non commercial. The commercial source
include the fossile fuel like coal oil and natural Gas, hydroelectric power and nuclear
power, while the non commercial source include wood, animal water and agriculture waste

It is worth noting that while man’s large scale of use of commercial energy has led to
better quality of life it has also created many problems that combustion of fossil fuels has
caused serious air pollution in many areas because of the localize release of large amount
of harmful gases in the atmosphere.

It has also resulted in phenomenon of global warming which is now a matter of great
concern. Similar, the release of large amountof wasted head from power plant has caused
thermal pollution in Lake and river leading to the destroyer of many form , there is also
concern over the possibility of radioactive being released into atmosphere in the e¥ent of
an accident and over the long term problem of disposal of radioactive, as man embarks on
the search for alternative sources of energy it is clear that he would do well to keep the

environment in mind.

The energy sources such as solar energy, wind energy tidal and were energy, geothermal
energy, hydroelectric power, fuel cells, biomass energy including agriculture waste, plate,
fire stock waste etc. Are not depleting , almost popular free. We can them as a renewable

BNETEY SOUrCEs.

Origin of solar energy:
The sun is a large sphere of very hot gases, the head being generated by various kinds of
fusion reaction. The principal characteristics of the sun are.

Mass (M) =19%9=x10300 kg
Radius ( R). = 6.96x108 cm
Average temperature = 5762x500k

Inside the sum, there is continuous generation of head by thermonuclear reaction,
which convert hydrogen atom to helium atoms. This energy is radiation from sun in all

directions and our earth received a very small fraction of it



Fhe nature of sum is broadly divided into three regian

= Solar interio
¢  Photosphere
= Solar atmosphere

he solar interior contains main mass of sum and gases are at a very fidas high pressu
with '[E'm]}l‘!l'i’l'llll'E :'Dl.Jghlj.f i‘:i]IIH| to E-'I'_leﬂlf]k. ﬂ” ﬂ-“: tix E;J-Jr:m,j'; mizEEeT 15 :"||-JFJ i i rJIJs; tei
gravitational force. The fusion reaction occurring in it are.

* The continuous conversation of hydrogen in the reaction the energy liberated is

26.7 mev.
* The ather possible process is in which protone are converted into helium nucled In
such a reaction consists.

The energy release in such carbon nitrogen cycle is also approximate of erder 26Mev 02
about 43=10. It is estimated than a gram of sun contains about 30 billion years exhort it's
supply

The energy related in this region is in the term of x ray and rays transfer out word by
redius up to distance 0.7 R, where temperature is about 13x10 K and density is of order
0.07 gm/cm. Outside this region , there is fluid in which energy is but to convection and is
called as convective is 6000° k. The upper layer of this zone is the out sources of solar
energy and light above the photographer, There is transparent layer of this verified gas
having thickness of 104 km. It is called chromosphere due to radio he line is gases it
appears red the temperature of it is 4500° k. Finally there is coma life whitish glowing layer
that may be observed only during solar eclipse it contains highly lonized gases.

Solar energy as in alternative sources of energy.

Today front of everyone, there is very serious problem if energy. In spite of discovered of
oil and gas off the west coast, the import of crude eil continue to increase and the price paid
for it now dominant all other expenditure. This year the country will spend mote than
RS.5000 crones for the import at oil this amount forms a major part of India import bill.

ItIf the present rate of consumption and population continue the world will be more
crowded and mere polluted than today. The world population is about 7 billions dungy the
uses of conventional sources lot of carban monoxide and carbon Dioxide pases are oul. The
convention exhausted by the source of energy have limited reserved and may be completed
exhausted by the beginning of next century. The production of petrol will probably reach of
consumption that 2020 will consume al% of total reserves of petrol. The production of
roal will be reaching its peak value around the years 2030. And afterwards it will decteaﬁe
due to increase in production cost. That total reserves of coal are estimated to 5x10 million
years. With continue increase in the rate of consumption it is es'rirn_ated reserve of would
Jast of approximately the same period as petrol or crude l.':lll. The x-flmq Energy snurcas.haﬁ
limited that wild of desired velocity does not occur CI}]‘|1:I|'ILLI.:|-!.1.5. Similarly in care of tides
wave having constant and desired amount of every are very difficult te product.

The solar energy does not have euch limitations. Solar energy Is a Very inﬂha"mhlz
sources of energy. The earth intercepted about 1.8=10" million joules on energy per secon



torm the sun, which is many times the present need of global energy. Salar energy ol
supply all the present and future needs of the world. Non conventional sources are
pollution free, Hence some means of ultimate the solar energy economically are found out
that it will give the unending supply of energy on continue bails. So solar energy could be
best alternative for present conventional sources energy.However there are some
drawback for the solar energy also

e Thesolar energy is a very dilute source of energy even in the hottest region
 The solar energy incident per second on the square is less that 1000 joules.

Much more energy is needed for its technology application in order to collect sufficient
amount of solar energy, large. Collecting surfaces are needed the cost of such large surface
15 quite high.

On the salar radiation flux hardly amount utilisation. Using large area of collection of
solar radiation Mux can increase this amount but these results of excessive cost.

The solar energy available at a given place is never constant, due to the motion of the
earth the solar energy is not available for 24 hours a day and for all 365 days of years.
There is daily variation in the availability due to local whether and atmosphere condition.
Hence necessary to store the solar energy when it is available and use it during the period
when it is not available. But system needs for storape the solar energy are very costly. Thus
the real fhg[[enge in utilizing solar Energy can still be TEgJ.TL!Ed at the best alternative for
conventional source.

Solar energy options:

Solar energy is a very large in exhaustible sources of energy. The power from the sun
intercepted by the earth is approximately 1.8x19" MW. Which is many thousands of times
large than the present consumption rate on the earth is all commercial energy Sources.
Thus in principle, selar energy could supply all the present and future energy needed of the
would on a continuing basis. This make it in of the most promising of the unconventional
energy Sources,

In addition to its size, solar energy has two other energy has two other factors in its
Favourite. Firstly unlike fossil fuels and nuclear power, it is an environment clean sources
on energy secondly, it is free and available pecple live. It's abundance is large we receive
golar energy approximate 60x10 kWh fyear. Out of this if we utilize only 5% , Still it would
be large than the estimate world energy demand of 50 = 10 KM/ Year. It is either can be
used directly or indirectly utilize. It is either can be used directly or indirectly ultimate. The
cost of technology for its Utilisation is lower comrade with other sources.

Classification of method for solar energy Utilisation
Solar energy Utilisation
Direct method :
1 Thermal

2 Photovoltaic



Indirect Method :
1 water
h ]
2 powers
3 wind
4 wave Energy
5 ocean
6 temperature

be attached to it. For

rage system can
. ties. The cost of

This will minimize the heat losses. An additional sto ] |
storage of hot water now a system is available from 100 to 200 liter capaci
this system is also reasonable. Hence it is popular.
ssets of the direct use of

Solar water heater is a good example to illustrate ones of the a .
hility of matching the

solar energy which has been mentioned so far. This is the possi : 2
temperature achieved in the heating device with the temperature required for end use. As &

result of this.

Matching , the thermodynamic efficiency based on consideration of available of energy
can be shown to be highly in the case of solar water heating system than a water heating
system wing natural gas or electricity. Solar water heater of the nature circulation type
were used fairly widely in many countries from the beginning of the twentieth century till
about 1940 until cheap old and natural gas became available now they are being installed
again they are again they are in wind spread use in countries like Israel, Australia and
lapan domastic solar water heating system has been steadily growing in the last decade, it
is estimated that about 10000 system had been installed by the end of 1992 most of the
system have capacities of 1000 to 2000 liter per day. And use or two flat plate collector
having a face area of 2 M each. The installed cost is about RS. 110 per litre per day and the
temperature of the hot water delivered from 50 to 70° C.

When large amount of hot water is required, a natural circulation system is not suitable
large arrays of flat plate collector are used and force circulation is maintained with pump.
The restriction that strong tank should be highly level is thus removed. A schematic
diagram of a typical closed loop system is water from strong tank a pumped through a
collector array, where hot water is withdrawn for use, cold make up water takes its place
because of all ball foat control down. The pump for maintaining the force circulation is
opened by an on off controller which seems the difference between the temperature of the
water at the exit of the collector and a switched on whenever this difference exceed a
certain value and off when it fails below a certain value provide is also usually made for an
auxiliary heaters located in the strong tank. Often it is a located on the hat water system of
the type. Are well suited for factories, hospital |, hotels, offices etc. About 5000 units have
been installed in India in the last decade, The total collector area of all solar water heater
system current installed in the country is estimated to be about 200000 m typically theses
system cost about RS 5000 per square meters of collector area used.

Type of solar water heater



Solar water heater either active o kRN A oactive svalom sows an electr prump Lo
circulate the heat transfer fuid a passing system has no pump. The amount of hot water a
solar water heater 1] oduces |,|.r'L|-:"I|||'-. an the Ly e and size of the system, the amnunt of sun
availabile at the site, proper installation, and the Gt Angel and orientation of the collector,

Solar water heater are also characteristics of open loop also called direct or closed loop
also call indirectly an open loop system circulate house hold water thraugh the collectar |
A Closed loop system uses a heat transfer fuid to collect heat and a heat exchanger to
transfer the heat to household water.

ACTIVE 5Y5TEM:

Active system use electric pump, value and controllers to circulate water or other heat
transfer fluid through the collector, They are usually easier to retrofit than passive system
because their storage tank do not need to be installed above or closed to end collector. But
because they use electricity % they will not function in the power outage. Active system
range in price from 2000 to 4000 installed.

Open loop active system:

Cost but is not applicable if your water is hard or acidic because scale and corrosion quickly
disable the system. These aopen loop system are popular in not freezing climate such as
hawai they should never be installed in climate that experience freezing temperatures for
sustainable period. You can install them in mild but [ freezing climate, but you must
consider freeze protection.

Recalculation system are a specific type of open loop system that provides [reeze
protection they use the system pump to the circuit warm water from storage ta nks through
collector and expart piping when temperature approach freezing. Consider recalculation
system only where mild freeze occur ones or twice a year at most . Actualize the freezer

protection more frequently the freezer protection more frequently wasted electricity and
sorted heat.

OFf course, when the power is out the pump will not work and the system will freeze, To
guard this freeze value can be installed to provide additional protection in the event the
pump doesn't operate. In freezer weather recalculation system only where mild freeze
occur ones or bwice year at most activating the freezer protection more frequently wasted
electricity and stored heat.

Closed look Active system :

These systems pump heat transfer fluid through collector heat exchanger transfer that heat
from the fluid to the household heat from the fuid to the household water storage in the
tank.

Dauble walled heat exchanger prevents contamination of household water. Some codes
required double walls when the heat transfer fluid is anything other than househeld water,



ular 1 areas subject to extended freczing l‘-‘“']“"“”.””"‘
\ lycol must be checlked gach year and

ystem temperature.

Closed loop glycol system are pop
because they offer good freeze protection. However, B
changed every 3 to 10 vear. Depending on glyeol. Quality and s

Y r loop a pup
Drain back system use water as the heat transfer fluid in the collecto o

. O P ter drain by gravity
circulate the water through the collector loop. A pump cit ':“"itﬁ_the 1':3 the pump are off
to the storage tank and heat exchanger there are no value to fail. When

. : : system to turn
the collector are empty, which assured freeze protection are also allows the sy
off if the water in the storage tank became too hot.

Pumps in active system:

The pump in salar water heating have low power requiréments and some cnmpal_'lles
now includes direct current pump powered by small solar plectric panes convert sunlight
into dec electricity such systems cost nothing to operate and conditions 1o
power outage

function during

Passive system:

Passive system household water or hot transfer Fluid through 2 system without pumps
passive system has to electric components to break. This makes them generally mare
reliable, easier to maintain and possibly longer lasting then active system. Fassive system
can he less expensive than active system. But they can be also be less efficient installed
costs for passive systemn range from about 1000 to 3000 depending on whether it is a
simple batch heater or a sophisticated therme siphon system.

Batch heater:

Batch Heater alse know as or integral collector storage system are simple passive system
consisting of one or more storage tanks place in an insulated box that has a glazed side
facing the sun batch heater are inexpensive an have few components in other words,
maintenance 2nd fewer failure . A batch Heater is mounted on the ground or on the rood
some beach. Heater use selective surface absorb sun well but inhabit radicactive loss.

In climate where freexing occuring, batch Heater must either be protected from freezing
or drained for the winter. [n well designed system, the most valuable compenents for
freezing are the pipes if located in insulated area that lead to the solar water heater if
theses pipes are well insulated the warmth from the tanks will prevent freezing certain
system clear state the temperature level than can install heat tape .

Insulated exposure pipes, or both remember, heat tape reguired electricity . So the
combination of freezing weather and a power outage can lead to burst pipes. If you live in
an area where freezing is infrequently, you can use plastic mind, through that some of these
pipes can't withstand unlimited freeze. Cycle before they crack,

Thermao siphoned system:

A thermo siphon system relies on warm rising a phenomenon know as natural convection,
to circulation water through the collector and to the tank . In this type of installed , the tank
must be above the collector. As water in the collector heats, it becomes lighter and rises
naturally inte the tank above, Meanwhile, cooler water in the tank low down pipes to the
bottom of the collector, causing circulation through the system the storage tank is attached



o the top of the collector so that Thermao siphoning can occur. Theses system are reliable
and relatively inexpensive but requires careful planning in new construction 'r11--: I |x.|l-l|:|:'
waler tanks are heavy. They can be freez proofed by exposed by ex 1-:-;|u,| WIE 1I i hieal
exchanger in a exposed loop to heat to heat the household water f sl =«

Drain down system :

In cold climate, this system prevent water form freezing in the collector by using electric
values that automatically drains the water from the collector when the temperature drop to
freezing " Drain back system ® a variation of this approach, automatically drain to Collector
when the circulation pump stops. A |

Swimming pool system:

ln_ml:ar heated swimming pools, the pools filter pump water through a solar and the
pool itself stores the hot water

Sizing Of System:

Just as you have to choose a 30,4050 gallon. Conventional water heater, you need to
determine the right size solar water heater to install sizing a solar water heater involved
determining the total collector area and the storage volume required to provide 100% of
yvour house hold hot water duringthe summer solar equipment expert use worksheet or
special computer program to assist you in determining how large a system you need solar
storage tanks are usually 50-,80-,0r12- gallon. A small system is sufficient for 1 to 1 peaple,
a medium system is adequate for 3 or a person household and a large system is appropriate
for 4 to 6 people.

A rule of thumb for size collector, allow about 20 square feet of collector are for each of the
first two family members if you live in the sun belt. Allow 12 to 14 additional square feet
per person if you live in the no rthern United States.

A ratio of a least 1.5 gallons of storage capacity to 1 square foot of collector area prevent
the system from over heating when the demand for hot water is low, in very warm, sunny
climate, expert suggest that the ratio should be at least 2 gallons of storage to 1 square foot
of collector area. Example a family of four ii n a northern climate would need between 64
and 68 square feet of collector area. And a 96 to 192 gallon storage tank because you might

not be able tank to be sure to meet your hot water needs

EXPERIMENTATION :
The basic parts that make up a conventio nal liquid flat plate Collector are

« The absorption plate
+ The tubes fixed to the observed plate through which the liquid to be heated
flows
s« The transparent covers and
The insulated container
hat it utilizes bath the beam and diffused
hecause of its simple stationary design it
that because of the absence it

The main advantage of the flat collector is t
components of the solar radiation in addition,
requires little maintenance it's principle advantage Is



that because of the absence of optical concentration , the Area from which heat is last 15
large. As a result, the collection efficiency is generally low.

The liquid heated is generally water. However sometimes mixture of water and
ethylene glycol are used if ambient temperature below 0°c are like sheet ranging in
thickness from a metal sheet raging in thickness from 0.2 to 1 mm while the tubes,
which are also of metal, range in diameter from 1 to 1.5 ¢m they of the absorber plate
with the pitch ranging from5 to 12 cm. In some design the buyers are hounded to the
metal most commanly used both for the absorber plate and the tubes , is COPPEF.
However, in India, because of the shortage of copper, other absorber plate tube
combination has been success fully developed. These include aluminium sheet fixed t0
copper or galvanized sheet tubes with a pressure bond. Mild steel or galvanized steel
cheets with galvanized stecl tubes and stainless stee] sheets with built in channel the
water in and out of collector and distribution it to the tube, are made of the same
metals as the tubes and are of slightly larger diameter.

Plan or toughened glass of 4 0 5 mm thickness is the most favoured material for the
transparent covers. The usual practice is to have one or two covers with spacing
ranging from 1.5 to 3 mm

When solar radiation pass through two glass cover and strike on absorber plate
then heat is produced. The part of it is transpired to liquid flowing through tube and
thus temperature of outgoing liquid increase during this process the following heat
losses ocour.

o Loss due to convection and re emitted radiation passing to surrounding through
cavers. This loss is minimize by using two glass at top

e The loss due to conduction and is minimize by using the Thermal insulation on
backside plate and at edges.

« The bottom and side are usually insulated by mineral wood, rock woaol or glass
waol with a covering of aluminium foul and has a thickness ranging from 2.5 to
8 cm. The suitable angle the collector box may be made of aluminium steel
sheet, 02 fibre glass.

The face area of most commercially available collector is around plate, the tubes as well as
the covers have increase. This is particularly true for application involving lower
temperature up to 60 or 70°C. Initially plastic were not used because they degraded on
exposure to sunlight. They degraded on exposure to sunlight they also have low Thermal
conductivity and high eoefficient of expansion as compared to metals. However recent
advances in polymer technology have resulted in the development of suitable plastic
material which can with stand long exposure to sunlight plastic have the advantage of
being light in weight and easy to manufacture. They also cost le5§ and requires }ess BRETEY
input for their manufactured than metal like copper and aluminium. However it has.tu he
remembered that they gen erally ariginated from fossil fuel as the volume of production .nf
flat plate Collector increase the abave consideration of Energy input and raw material

original will become increasingly important.

te of production of liquid flat plate Collector in the world, as well as in

The present ra . _ :
: increasing rapidly about 200000m have been installed in India

India, is low however, it is



i the 1980 The typical cost ol a g quality callector is about RS 3500 PEr S
are usually about times the above cos

ACCRRSOIPS,

dIre meters
sinee they include the cost ol erection piping and

Procedure:
To prepare a flav plate collectorhave collector the 1|

making Mat plate Collector? 1 brought plywood of 2«1 sq
collected a metallic pipe of length 9 feet and diame

materials which requires for
M5, Size of plywood also | have

ter 1.2 cm. Which are cut into 5 pieces
bwis another pipes are litted whose length is 18 cm each.

B inaelden plywood 5 pleces of pipes are ltted whese distance from each other is 6.5 cm
at the upper side of the box, | have drilled 1 small hole for the purpose of connecting out let

pipe and at lower end but in apposite sicle, Thave also drilled a another small hole for inlet
of could Water in the collectar

The pipe fitted to the lower side af Nat plate collector takes cold water in and pipe fitting to
upper side let's hot water out,

The white drawing paper is mounted over the pipe inside the box with the help of
Fevicol the painting the whaole box with black paint from .a transparent glass is attached

over the box. From which the solar radiation pass through and stink on absorption plate
than heat is produced.

Effects of various parameters on performance

The parameters affects the efficiency of collector which discussed are the selective of the
absorber surface, the number of glass, the tilt of the collector, the fuid inlet temperature
the incidence solar flux and dust settlement on the top glass cover.

Selective surface:

Absarber plate surface which exhibit the characteristics of a high value of absorptive for
income solar radiation and low value of emissivity for out going re radiation are called
selective surface such surface are desirable because they maximum the emission of the
radiation loss, Obviously they would yield higher collector efficiency than are obtained
when the absorption and emissivity are equal.

For absorber surface the selective ratin=21E must be very high. The some examples of
selective surface are nickel black layer black Chrome copper oxide on copper

Number of cover plate:

For getting the maximum elficiency ane or two cover plate are suitable. For the situation
studies the efficiency goes through a maximum value of 43.3 per. For the case of two
COVET s,

As the number of cover increase the value of both transitive absorption products for
heam radiation falling an the collector and transmission absorption products for ditfused
radiation falling on the collector thus the flux s absorber in the absorber plate decreased.
The addition of more cover also cause the value of top loss coefficient UT, and hence the
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Types of solar energy collector:

= Flat plate Collector s o
e . l: ate Collector, :
The most common v for solar hot water 15 the flat pla it A

- n a building rool. 5ma

rectangular box filled with a transparent cOvers, instaliad o ther fuid such as an
tube run through the box and curry fluid. Either water or @ i

; : +ta a5 heat build up in
antifreeze solutions. The tubes attach to a black ahsorber plate a o i
tubes. The hot water or liquid goes to :

the collector , it heats the fuid attach the
tube inside the storage

storape tank. If the fluid is not hot by passing it through a
tank fun of hat Auid.

«  Evacuated tube collector h
These collector consists of now's of parallel transparent plass tubes, eac

containing an absarber and covered with a selective coating sunlight enters the
tubes. Strikes the absorption and heats the liquid flowing through the absorber.
These collector are manufactured which vaccum between the tubes, which helps
them achieve extremely high temperature so the are appropriate for commercial
and industrial uses.

= Concentration collector:
Farabolic through shaped reflected concentrate sunlight on te an absorber or

receive to provide hot water and steam, usually for industrial and commercial
applications.
 Transpierced solar collector :

A transpired collector is a South facing outside will covers by a dark sheet metal
collector. The collector heats outside air, which is than sucking into the building
ventilation system through perforations in the collector. They have been used for
preheating ventilation air and crop drying they are inexpensive to make and
commercial, have achieved efficiency of more than 70 percent.

# Batch or breadbox heaters :

This system is referred to as a botch heaters and a bread box. It consists of an
approximate 40 gallon insulated tank, linked with glass on the inside and paint
back on the sun. Plumbing from the house supplies the box with cold water
thraugh an inlet that extends down to the bottom of the tank extents down to the
bottom of the tank the box itsell acts like a collector, absorbing and trapping the
sun’s heat an beating the water an outlet supply the house with water from the top

of the tank.

Directions of collector Tilt:

We already known that the collector is so fitted that it can get the maximum
amount of solar energy the direction of collector of tilt it towards the sun



abviously toward Lthe equator, that is true south in the northern-hemisphere that
ie India it has alsa been eotablished that Tor maximum radiation to be collected.

The collector tilt from thus horizontal should be equal to the latitude of the place
19 degree that is in winker season. In summer and year round, the collector tilts
should be and 0.9° respectively an a clear day, a square meters of collector area
can heat 50-70 liter of water up to 60*-70%,

Thermal efficiency and cost analysis of solar of solar water heater in Rwanda
Abstract

Salar water heater is @ technology of capturing the energy from the SUN's
cadiation for the purpose of raising the temperature of water from supply
temperature to be desired higher of thermal efficiency of solar water healers and
their associated costs, especially different customer want 1o replace their pxisting
convention water heating energy by solar water heating system. In this present
paper, a deep investigation has been accomplished to determine thermal
efficiency and cost analysis of solar water heater made in Rwanda. During
manufactured of solar water heater the collector was the main part to emphasize
on the high efficiency of the system was achieved by replacing galvanized iron
sheet by aluminium sheet slotted and black painted as an absorber plate. The
ambient temperature and average colar radiation of the three sites where solar
water heaters are installed were investigated. The used material, specifications
and sizing were discussing in this paper.

Keyword

Thermal, efficiency, solar , energy, cost analysis , water heater
Introduction
ackgrou

golar water heater system is a technology of capturing the energy from the sun's
radiation for the purpose of raising the temperature of air or water to be used for domestic
commercial or industrial purpose by using salar water collector and concentration. Solar
water heater system iz a renewable energy technology that 1 free for use with high
potential and is available all over the world. colar water heating system are maostly used in
1 wider scale because they provide an en vironment favourable heat for various areas such
as household water heating, swimming poals heating and other area where hot us needed.

This system callects the energy but from the sun to use 1t for heating air or water.

There are two types of solar collector evacuated tube and flat plate solar collector and
evacuated tube solar collector have been proven to have lower heat loss coefficient, high
performance 2nd reliability. In recent years, many groups of research focus an theoretical
and experimental research for improving and measuring heat transfer losses in Evacuated
tube and flat collector using different approach and method. Some literature points out a
high effectiveness and environment Friendliness of solar water heater while other still
questions on the initial cost and maintenance cost of solar water heater installed in chosen
municipality in South Africa, the shortage and Jongest payback period have calculated, he






2 main part of solar waler heater.

Literature review

As a green and renewable energy. solar energy become imporiant to develop and there
is a good and promising progress i the field of solar eneTgy particular in golar thermal.
This is because of is simple structure and it's low to gero running cost in general. Many
Design and improvements o existing designs have been done by different S
increase the efficiency af solar water heaters Design of solar water heater in Elass
evacuated tube with high heat callection rate by high throughput screening method hased
on machine learning become mare impaortant and promising method to increase that heat

collection rate

Anather study on design of solar water heater using HTS method was conducted by L1 al.
And this method was proved to provide first and precise prediction method for
performance of solar water heater. Computational fluid dynamics was used to conduct 3
numerical study and to predict water temperature at the outlet of collector. Numerical
analysis and some software have heen used to study and design the Thermal efficiency
solar water heater using U type evacuated tube solar collector and the results showed that
this solar collector should provide 40.5% of the total consumed energy in the year.
Rpsearch on solar water heater using concentration solar collectar evidence that the
maximum temperature of 69.5%:c chauld be obtained and efficiency up to 51% is pessible
at present, different designs of building inte grated photo thermal have been developed and
used and used in China to meet people requirements in production and living

end upon the efficiency of solar

All solar system which utilize the solar energy dep
parabaolic, evacuated tube

collector. Some of the collector are flat plate, component
parabolic through. The salar collector are used far domestic, commercial and industrial

purpose. They are used in various kinds of heating and cooking purpose such as solar
water heating which comprises thermosipho. Integrated collector SLOTAES, direct and
indirect system, air system, Space heating, cooling and services hot water. Industrial
process heat comprises air, water system and steam generator system.

The size of solar water heating system depending on availability of solar radiation,
temperature needed by customer, geographic location and arrangements of solar system.
Therefore, its design should focus on the above parameters especially on solar system.

de in aluminium with paraffin wax inside as
heat storage medium. He found that the system is a commercial viable option for solar
heating energy storage. Series connection of more that one thermosipho solar water heater
chould increase the efficiency of solar water heater up to 55% and SETIES.

The storage unit utilize 3 small cylinder ma

Materials and methods

Data collection



Ta collect data, the three solar water heater were manufactured and installed in three
different areas. All measurements was performed in the same condition and in the same
season, using portable instructions, Tested salar water heater were made and installed by
Tumba college of technology. During manufactured of these solar water heater, the
collector was a main part to emphasize . Increase the heat collection rate on absorptinn
plate, a palvanized iron was replaced by aluminium sheat because of its high Thermal
conductivity. Aluminium sheet of 960mm= 1300=0.6mm was used for absorber plate. The
equal speed slots were designed and performance on aluminium sheet to accommodate
mare than a half of a perimeter of pipe

Slots creation on aluminium plats

Temperature distribution in degree Celsius in three areas.
Solar water heater

Observation Tabhle. Date 21/05/2021
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BENEFIT AND APPLICATION
Discussion:

A solar water heater is a long term investment that will save your money and energy for
many years. Like other renewable energy systems. Solar water heaters minimize the
snvironment effects of enjoyed a comfortable, modern life style, additional, they provide

iNsurance against NETRY prices increase, help reduce our dependence on foreign oil and
are in everyone future,

I have planned to make a working model of solar water heater, | am college students
from rural background, due to this I doesn't get money to install working model salar water

heater, so | have mode 3 model of flat plate collector, Flat plate collector is the heart of solar
water heater.,

In India some states office subsidies on domastic as well as commercial solar water

heating system installation, Government of India offers 100%

Indian an renewable encrgy Development agency, new Delhi, extends loan on soft terms
through designated intermediate for financial of installation of solar thermal devices. For
more information about loans visit the website.

fit =

There are many benefit ta owing a solar water heater and number ane is ECONOMICS
solar water heater economic compare quite favourable with thase of electric water heater,
while the economic area quite so attractive when compared with those of gas water heater

heating water with the sun also means long. Term benefits, such as being cushioned from
future, shortage and price increase and environment benefit

1 Economic Benefits :

Many homebuilders choose electric water heater becausethey
relatives inexpensive to purchase, However, research shows that
with an electric water spend about 25% of its ho Mme eNergy coast o

are easy to install and
on a average household
n heating water.,

It make economic sense to think behold the initial

purchase price and consider lifetime
energy coast or how much you will s

pend on energy to use the application over its lifetime,
It found that solar water heater offered the larges potential saving compared to electric

heating, with solar beater heater owner solar water heater owner saving as much 50% to
B3% annual on their utility bills over the cost of electric water heating.

However, at the current low price of natural gas, solar water heater cannot complete
with natural gas water heater in maost part of a country Expect in net house canstruetion
although you will still save energy coasts with a salar water heater

because you wants by
buying natural gas, its won be economical

Paybacks very widely, but you can expect a simple payback of 3 1o & year on a well
designed and properly installed solar water heater

of time required to recover your
investment through reduce or avoid energy cost.

After the payback period you accurate the savings over the life of system, which

FAnges
form 15 to 40 year, depending on the system and how wel] it

is maintained



Yin T, :
L Can determine the sample payback ol a solar waler heater by lirst determing tha nat
Ll 0 Wy X B e

L of system net cost includes the total installed cost less any as incentive or utility , alter
Wi . : ; ! I

1 calculate the net cost of the svstem, calculate the annwal fuel savings and divine the net

imvestment by this number of determine the simple paybacl

< long term benefii ;

H:ﬂ..n' water heater offer long term benefit that ge beyond simple economic in addition to
!1.11,'||3;._:I a free not water after the system has paid for itself in reducing utility [ills, you ani
.:'-L'Il:l]' l‘”“IL';." will be cushioned from future fuel shos Lape and price increase. You will also be
doing your part to reduce this country depending on foreign oil. The national remediless
association report that adding a solar water heater to an existing home raises the resale
'.-'alue of the home by the entire cost of the system. You may be able to recoup your entire
investment when you sell your home.

3 Environment enefit:

Solar water heater do not polluted. By investing in one, you will be avoided carbon
dioxide, nitrogen oxides, sulfuret dioxide nitrogen oxide the other air population and waste
create when your utility general power or you burn fuel to heat your house hold water,
when a solar water heater reply heater reply at electric water heater, the electromc
displaced over 20 year represent more than 50 tone of avoiding carbon dioxide emissions
along.

Carbon dioxide traps heat in the upper atmosphere thus contribute to the " Greenhouse

Effects .
4 A Bright Future:

A solar water heater is a long term investment that will save your money and energy
Like other renewable energy systems, solar water heaters minimum the
madern lifestyle. In addition, they provide
e our dependence on foreign oil and are

for many year.
environment effect of enjoyed a comfortable,

insurance against energy price increase, help reduc
investment in everyone's future.

Applications
busine, jciti
Solar water heating system.

Best known applications of solar energy.

Domastic solar water heating is quite popular and is preferred over electric water

heating by many homeowners
ventional heating system based on electric oil wood

However in business applications con
sidies in the past not many industries.

still rule the roost inspire of massive sub
stem. Only recently with the temperature increases in cost

Opted for solar water heating sy
are industrialists turning 1o salar energy as a means to

of electricity and conve ntional fuels
meet their hot water needs.

Breweries:




||-|Il||-'.‘ washing waste prepared il ||.|.,_| _.1|!.|||||.||||5,|! Bullk drunks manuiae Lud ek

L=,
Fermentation of mixiare, boiler teed Applications.

3 Dairies:
Ghee production,
Cleaning and sterilizing. Pasteurisation
Distilleries;

Bottle washing, boiler feed Applications

5 Edible oil gnd refining:
Boiler fead Applications.
Efectroplati alvgnizing Units;

Heating of plating baths, cleaning degreasing application.

7 i L

Cleaning, degreasing applications.

Pulp and paper industries:

Boiler feed Applications, soaking of pulp.

Solar process heat.
housand sg. ft. OF ground mounted collection, pump,

Theses system consists of several t
heat exchanger, control and one or more large storage tank. Typically they provide hot
water and hot water space heating for large institutions such as school, office building,

prisons and military hases.

=L F1 L[] il

As water evaporation it codes the air. Evapaorative
d with solar technology.

caoling system usually appreciate for
In humid climate, desiccant

hot dry climate can be powere
evaporation cooling system uses the same evaporation concepts to cool air, but they also

includes a desiccant wheel to dry the income air. Waste heat from the building, natural gas,
or solar technology can be used to regenerate desiccant wheel, evaporation cooling is a

free and energy efficiency way to cool commercial building. In absorption solar cooling. An
absorption device uses a heat source, such as natural gas or large solar collecter, to

evaporate refrigerator.

Result, Discussion god Conclusion.

The system is tested in several times in a day. As the sol
losses or the reflection of the energy collector surface Neill be decreased

solar radiation
also and the efficiency be maximum the collector 15 covered by transparent smooth glass
with has a_higher solar radiation transmission. However the radiation emitted by the glass

with increase it temperature.

ar rays always make strike it. The







