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INTRODUCTION

-Energy is defined in classical thermodynamics as the caﬁe;city to do work. It is the
basic ingredient of all industrialized societies. Ene;gy is currently derived from different
sources such as oil, natural gas, coal, and wood. The known world reserve of coal has
been estimated to range from 0.65 x 10° Mt to: 1.16 x 10° Mt; assuming the present
growth rate of 4% in production, the peak value in production is likely to be attained
some where between AD 2030 and AD 2060, and that 80% of the amount could be
consumed by AD 2250. Known oil reserves in 1993were estimated to be about 1000
billion barrels; with a steady rate of production at 20 billion barrels pef year, most of the
oil reserves would last only for another 50 years. The amount of natural gas reserves
range from 85,000 to 90,000 billion m>; since much of the gas is available in an
associated form; it seems that the reserves of gas will last for the same period as crude
oil. It is by now clear that the fossil fuel era of non-renewable resources is gradually

coming to an end; oil being the first to deplete, followed by natural gas and coal. The -

availability of wood is also limited by deforestation and unfavourable climatic changes.

The energy problem is very serious in India. Inspite of important dis'coveri'es of
. oil and natural gas reserves, tl;e import of crude c;il continues to increase and the amount
spe)At for it constitutes about 27% (as per 1996-°97 import expenditure) of our import bill.
The coal reserves of India is estiﬁiatéd to be 1,93,800 Mt in 1992 with a proved reserves
of 64,800 Mt. The coal production is 'e.xpected to peak between AD 2040 and AD 2080,
at the current rate of 7% inc;ease in production. 6ur oil reserveswre estimated to be 758

Mt in 1990. The present domestic production cannot be sustained for more than 25 years.



Natural gas recoverable reserves in 1990 were 686 billion m’. The stress for cohserving

energy and developing energy alternatives has led to considerable research and

development work in this direction and significant progress has been made.

It is worth noting that man’s large-scale use of conventional energy has led to a
better quality of life; it has also created many problems; the harmful effect on the
environment, serious air pollution due to combustion of fossil fuels, global warming,
thermal pollution in lakes and rivers due to large amount of waste heat from power
plants, being a few. So, for the survival of mankind we may have to shift our dependence
on fossil fuel based life style to rer_lé:wable energy and nuclear power based economy, but

according to the researchers of the World Watch Institute “Societies reject nuclear power

because of its economical, political and environmental liabilities and opt for renewable

sources”.

Solar energy shows promise of becoming a dependable energy source without
new requirement of highly technical and specialized nature for its widespread utilization.
Besides this, solar energy is abundant, totally pollution free, economically self sufficient,
can be utilized for all purpose in all forms, has scope for decentralizat.ion, easy to use,
needs minimum working expenditure, saves fossil fuel deposit, less hazardous,

environmentally clean and available adequately in almost all parts of the world where

people live.

The sun is the world’s most abundant permanent source of energy. The amount of

solar power intercepted by earth is 170 trillion kW, an amount 5000 times greater than



the sum of all other inputs. Of this amount, about 30% is reflected to space, 47% is
‘converted to low temperature heat and re-radiated to space and 23% powers the
evaporation-precipitation cycle of the bio-sphere including about 2% representing the
kinetic energy of the winds and waves and photosynthetic storage in plants. The intensity
of electromagnetic radiation is 1.94 cal/cm?/min. or 1.353 kW/m? on a surface normal to
the solar beam; this average value of solar radiation outside the earth atmosphere is
known as solar constant. It is further diluted by local weather phenomena and air
pollution; and the peak clear sky solar intensity available on a horizontal surface is

1kW/m?. The integrated daily average could be as high as 6 to 8 kWh/ m?. This would

give an idea of tremendous amount of energy incident on the surface of the earth.

Being a tropical country, India receives a large amount of solar energy than many
parts of the world, for most part of the year. In most parts of the country sunshine is
available for over 250 to 300 days, i.e. 2000 to 3200 h/year. The level of both global and
diffuse radiation in India is high. The annual global radiation varies from 1600-2200
kWh/m? and diffuse radiation from 730-925 kWh/m”. The global solar radiation during
the summer months ranges from 120-220 KWh/m*/month and 60-180 kWh/m*/month
during winter. The ciiffuse radiation varies from 30-100 kWh/mzlmonth.. The total solar

radiation varies from 5-7 kWh/m?/ day in sunny regions.

The total solar energy received in India is about 6000 million MWh/year.
Assuming that about 1% of this energy can be tapped at about 10% efficiency, the total

potential of solar energy works out to be 6000 trillion Wh/year. This is equivalent to

about 35 times the present electricity generation in India.



There are three approaches for the utilization of solar energy:
1) low grade solar heating (temperature below 100°C )
i) high grade solar heating

i1) direct conversion to electricity.

Solar energy now makes its biggest impact in domestic water heating and space
heating. The two approaches to convert sunlight to heat are passive systems and» active
systems. A passive system may be defined as one in which the energy and mass flow is
by natural means (involving conduction, convection, radiation or evaporation). An active
system is one in which all the mass flow is by forced means (involving fans or pumps). A
hybrid system is one in which at least one of the significant flows is by natural means and

at least one by forced means.

‘Water heating is one of the simplest applications of solar heat and is the least
expensive. The demand of hot water is relatively constant throughout the year. Solar
water heating i1s one of the most common, easier and more practical utilization of solar
energy for applications up to 60 to 70° C of water temperature; it has excellent life cycle-
cost characteristics, since water heating loads are rather uniform year-round compared to
space heating loads and the payback in fuel saving is therefore more favourable than fér
space heating systems. So solar heating at this moment is one of the most attractive
applicaﬁons from an economic standpoint. It is most viable of all low temperature solar
energy utilization technologies. In many countries of the world, it is already competing

on equal terms with systems using other energy sources.



_ Flat plate collectors can be designed for applications requiring energy delivery at
moderate temperature, up to perhaps 100°C; they have the advantages of using both beam

and diffuse radiation, requiring no maintenance, no orientation towards the sun and no

costly mechanical parts.

Solar water heaters employing flat plate collectors, can be divided into three types:
1) domestic solar water heaters; in which the storage tank and absorber are
separate and water is circulated by natural circulation.
i) large size solar water heaters; designed for community use such as in
hotels, hostels, hospitals etc.
iit) built-in-storage type solar water heaters; designed with a view to reduce

cost.

Flat plate collector-cum-storage type solar water heaters are highly efficient, due
to direct contact of water with the absorber plate, and the absence of pipes between the
collector and storage tank. Solar water heating devices are already developed, but they
are not yet popularized, due to high heat loss from the system,; mainly because of high
thermal conductivity of the materials commonly used, like MS having‘ a thermal
conductivity of 46.10 cal/hem®C. This defect can be controlled by using materials of low

thermal conductivity, like fibre glass for storage tank. The thermal conductivity of fibre

glass is 0.0196 cal/hcm’C.

In countries like India, 20% of the energy is used for domestic purposes, of which
cooking is most important. The population of India is about 90 crores (as per 1991

census) and the quantity of water required for cooking process is 4.5 liters/head/day. Let




water-be supplied at normal ambient temperature of 25°C, then the energy required to
raise the temperature of water to 100°C for cooking purpose comes around 3.533x10°
kWh. If we can supply water at a temperature of 70°C, by utilizing flat plate solar water

heaters, then the energy required for cooking can be saved up to 2.21x10°® kWh.

The present study is aimed to design and:develop a collector-cum-étorage type
solar water heater of 30 litre capacity to supply hot water for a family of six members,

using material of less thermal conductivity i.e. fibre glass.

Objectives of the study
1. To design and develop a collector-cum-storage type solar water heater of 30
litre capacity.
2. To evaluate the performance of the water heater for domestic use.

3. To optimize the heater parameters for best operating conditions.
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REVIEW OF LITERATURE

2.1 History

The first person known to have used thc sun’s energy on a large scale is
Archimedies, who repeatedly set fire on an attacking Roman fleet at Syracuse in 212 BC.
The studies on the sun and its potential began in the 17" century, when Galileo and
Lavoisier utilized the sun in their research. The solar liquid heater wa§ invented by

N.D. Saussure, a Swiss naturalist, during the second half of the 17" century.

Modern scientific research in the utilization of solar energy commenced in 1885
when C. Guntur, an Australian, invented a solar boiler using mirrors. Herschel (1837), a
German, and Tellier (1885) also experimented witlf solar water heater. Even in earlier
times the people of Afri‘ca, Australia, the Arab countries, China, India, and Pakistan used

their ingenuity in heating water by placing a specially shaped copper pot filled with

water, in the sun during the winter.

" In the later half of the last century and during the first half of this century,
progress in the field of energy research was fairly slow, due to availability of ch?ap fossil
fuels. The waning solar energy research was revived in 1940 when Godfray L. Cabot left
a large sum of money for research project at the Massachusetts Institute of Technology,
then a team ‘of engineers, under the direction of Dr. Hottel began to study the
performance of solar collectors for fluid heating systems. In 1942 Dr. Hottel and Wortz

published the first scientific paper on flat plate collectors. The solar water heating



industry flourished during the 1940’s and 1950’s in Southern Florida. In the Miami area

alone more than 60,000 water heaters might have been installed during this period.

During the recent energy-panic research, the utilization of solar energy has

gathered considerable momentum, especially in industrialized countries such as U.S.A,

Russia, France, Australia, and Canada.

2.2 Terminologies commonly used in solar energy field

Absorptance : The ratio of the radiant energy absorbed by a plane surface to the radiant

energy incident upon that surface.

Absorption : The process by which radiation is converted within a material into

excitation energy.

Abs@rpﬁimﬁ Coefficient : A measure of the absorbing strength of a material for radiant
energy per unit area. Usually expressed as a decimal and denoted by oc.

Altitude : The angle' which the rays of the sun makes with the horizontal plane of any
given point on the surface of earth.

Azimuth : The angle measured at any given point on the earth’s surface between the
horizontal component of the sun’s rays and the meridian passing through that point.
Biack beody : This describes an ideél substance which absorbs all radiation falling upon it

and emits nothing. An alternative definition : a body which emits the maximum possible

radiation, i.e. its emissivity is 1.

Deciination : The angle between the plane of the earth’s orbit and the equatorial plane;

or the angular distance of the sun from the equator.



Diffuse solar radiation : The scattered radiation falling on a plane of stated orientation
over a stated period from the sky, and in the case of an inclined surface, reflected from

the ground as well.

Direct solar radiation : The radiation from the sun falling on a plane of stated
orientation over a stated period received from a narrow solid angle centered on the sun’s
direction.

Emittance : The ratio of the radiant energy emitted (in the absence of incident radiation)
from a given plane surface at a given temperature, to the radiant energy that would be
emitted by a perfect black body at the same temperature.

Flat-plate collector : Any non-focusing, flat surfaced solar heat collecting device.

Hour angle : The angular distance of the sun from its position at noon.

Inclined surface : A surface or solar collecting device tilted at an angle to the horizontal

plane or to the observer’s horizon.

[4

Insolation : The solar energy incident on a unit area of surface over a period of time; the

time integrated solar irradiance.

Insulatiom : Thermal wrappirig or lagging applied to a heat store or pipe to reduce heat

loss or to protect against frost.

Irradiance : The radiant energy falling per unit area on a plane surface per.unit time,

normally stated in W/m’.

Latitude : The latitude of a point on the earth’s surface is its angular distance from the

€quator.

Net radigtion : The difference between total incoming and total outgoing radiation.
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Radiagt flux : Radiant flux is the power emitted, transferred, or received in the form of

radiation.

Reflectance : The ratio of radiant energy reflected from a surface, to the radiant energy
incident upon that surface.

Seiective surface : A surface, which has high absorbance for incident radiation
(wavelengths less than 1000 nm) and high reflectance (Iov;/ absorbance) in the infra-red

range (wavelengths greater than 1000nm).

Solar collector : A solar collector is a device designed to absorb incident solar radiation
and to transfer the energy to a fluid passing in cortact with it.
Solar constant : The intensity of solar radiation outside the earth’s atmosphere at the

mean distance between the earth:gnd the sun. It equals to about 1.353 KW/m?.

Solarimeter : Instrument for measuring the solar irradiance, including both direct and

diffuse components. Mounted horizontally it will measure global irradiance.

Solar moon :For any location solar noon is the local time at which the sun is at its

highest altitude.

Thermosyphm : A circulating system where a circulating pump is not used. Hot water
being less dense than cold water, rises to the top of the system and is replaced by cold

water, in the process setting up a natural circulation of water through the system.

2.3 Classification of solar energy utilization

The energy from the sun can be used mainly in two ways:

i) direct methods ii) indirect methods
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i) Direct methods
In direct methods, solar radiation falling from the sun is utilized directly for the
generation of energy. The four principal methods for the conversion of solar radiation
into energy are usually distinguished as: |
a) Thermal conversion — achieved by solar éollectors
b) Photo-voltaic conversion — achieved by solar cells
c) Photochemical conversion —achieved by liquid solar cells

d) Biological conversion — called photosynthesis.

ii) Indirect methods

Indirect solar energy utilization methods a,re;~
a) Water power

b) Wind

c) Bio-mass

d) Wave energy

e) Ocean temperature difference

5.3.1 Thermal conversion — collection and storage

The principle in any collection device is to expose a dark surface to solar radiation
so that radiation is absorbed. Solar collectors are heat exchangers designed to absorb
solar radiation and to transfer the energy to a fluid passing in contact with it. A collector

will usually use either a liquid ofia gas as the transfer fluid. The most common liquid is

water or a water-ethylene glycol solution, the most common gas 1s air.
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Collectors can be classified into three groups:

iy Fiat-plate collectors

A non-concentrating or flat-plate collector is one in which the absorbing surface
for the solar radiation is essentially flat with no means for concentrating the incoming
solar radiation. T heyv are generally stationary and their outlet temperature capacity is
below 100°C. Heat losses must be minimized to get higher temperature. Evacuated tube
collectors are used for this purpose. These can reach up to 140°C. Flat-plate collectors are

commonly used for space heating, swimming pool heating, and domestic hot water

applications.

i) Concentrating (focussing) coliectors

A concentrating or focussing collector is one which track the sun and can
generally utilize only the direct radiation, contains reflectors or employs other optical

means to concentrate the energy falling on the aperture on to a heat exchanger of surface

area smaller than the aperture. They are capable of producing higher temperatures.

iii) Non imaging concentrating collectors

Non imaging concentrators come in between flat-plate collectors and
concentrating collectors. These collectors do not produce a well defined focal spot and
are capable of achieving temperatures up to about 175°C. These systems require no

tracking if their concentration ratio (ratio of aperture to absorber area) is below 1.7 and

require only seasonal adjustments at concentration ratios up to 5.
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2.3.1.1 Materials for collector components
The three main parts of a collector are the cover, the absorber, and the insulated
back. The materials employed for these three main parts largely determine both the

efficiency and its cost, and thus the economic attractiveness.

i} Cover materials

The ideal cover (glazing) material of a collector should,
a) transfer the whole incident radiation
b) be opaque to the infra-red radiation emitted from the absorber
c) minimize the external heat eichanges by conduction or convection; that is,

have low coefficient of thermal conductivity

d) have good mechanical resistance; be suitable for integration in a light

structure, and have durability and low price.

it) Absorbing materials
The absorbing material must
a) absorb maximum incident solar radiation (0.3 to 3um)

b) emit minimum infra-red radiation

c) have great thermal exchange with the heat transfer fluid

d) have good durability for a low price.

14)} Insulation materials

The insulating material should have

a) very low thermal conductivity
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b) high resistance to humidity
c) good mechanical resistance

d) fire proof and low price.

2.3.1.2 Thermal energy storage

The intermittent, variable and unpredictable nature of solar radiation is the major
problem associated with the utilization of solar energy, which generally leads to a
mismatch between the rate and time of collection of solar energy and the load needs of a
thermal application. Thus it is necessary to use aA storage systexﬁ in between. The purpose
of such a system is to store it when available in excess and to use it when the supply of

solar energy is inadequate. The size of the storage system is largely determined by the

specific purpose for which it is used.

Energy storage can be in various forms — thermal, electrical, mechanical or
chemical. Thermal energy can be stored as sensible heat or as latent heat. Sensible heat is
usually made use of an insulated container, having a liquid like water or a porous solid in
the form of pebbles or rocks. This type is preferred with liquid collectors, while the other
type is compatible with air heaters. In case of latent heat storage, heat is stored in a
substance when it melts and extracted when the substance freezes. Sensible h;at storage
systems operate over a range of temperatures, while latent heat storage systems operate

essentially at the temperature at which the phase change takes place.

2.4 THERMAL APPLICATIONS

The important fields of therma] application of solar energy are explained below:
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2.4.1 Sclar water heating

Solar water heating is one of the direct use of solar energy that has been practised

most extensively in the last two decades. It is the most viable of all low temperature solar

energy applications.

Different types of solar water heaters are designed and constructed during the

course of solar heater development. One of the methods of classifying solar water heating

systems divides them into two, namely:

i) direct systems ii) indirect systems

2.4.1.1 Direct systems

Direct systems are those 'i'n. which potable water is heated directly in the solar
collector. R
Direct systems are divided into
i) Unsheltered heaters
a) Bare trough on the grbund
'b) Bare trough off the ground
c) The black bag
d) Black sack with bottom insulation
ii) Sheltered heaters

a) Sheltered black sack

b) Metal plate collector with moving fluid

c) Collector-cum-storage type .
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iii)  Selective surface
iv)  Evacuated collectors
V) System with separate storage
a) Natural convection solar water heaters

b) Forced circulation water heaters.

i, Uaszeltered heaters

z) Bare trough on the ground

This is the simplest possible water heater and is shown in Fig.1(a). A trough of
water resting on the ground is exposed to the sun. An outdoor swimming pool is an
example. On a hot sunny day the water is warmed up, but the temperature rise is limited

by the ease with which the heat is lost to the ground and by evaporation.

b) Bare trough off the ground

Supporting the trough off the ground decouples the heat sink as showﬁ in Fig.1(b).
But the heating is still severely limited by low absorptance of water. More over heat loss

by evaporation and convection takes place here also, thus the temperature rise is less.

¢} The black bag

Here the water is enclosed in a shallow mat-black bag. Usually it is placed on a
roof as shown in Fig.1(c). So no heat is lost by evaporation. The black outer surface
absorbs radiations much better than transparent water. A part of this heat then passes to
the water inside by conduction. This type of heater is cheap, easy to make and gives

moderately hot water upto 45°C. Heat loss by forced convection severely limits the
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performance. Another problem is that many cheap black, water proof materials degrade

in sunshine and cease to be water proof with in a few months.

4, Blzei sack with bottem imsulaticn
The heat loss in the above system can be almost halved by simply insulating the

bottom of the collection device, as shown in Fig.1(d). Almost any material that traps air

in small holes (< 1 mm) is useful as an insulator, e.g. fibre glass, expanded polystyrene or

wood shavings.

i) Sheitered heaters

a} Sheltered black sack

Placing the bag in an open sunny location usually exposes it to cooling breezes.
The bag can be sheltered from the wind by placing it in a cover box with a transparent

lid, as shown in Fig.1(e). Glass is the best material for this purpose. Clear polythene sheet

is cheaper initially, but has to be replaced very freqiently, as it disintegrates in sun light.

b} Metal plate collector with mmovidg fluid

In the plate and tube collector, water is confined in parallel tubes which are
attached to a black metal plate, as shown in Fig.1(f). It is essential to have a low thermal
resistance between the plate and tubes, and across the plate between the tubes. The plate
and tubes are sheltered from the wind in a box with a glass top. Typically the tube is of

2 cm dia., tube spacing 20 cm and the plate thickness 0.3 cm.
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¢) Coliector-cum-storage type
This type of solar water heater incorporates storage volume and collector in a
single unit and is shown in Fig.1(g). These collectors are potentially more efficient than

tube collector because of increased thermal contact area.

i) Se'ective surface

o

This type of collector shown in Fig.1(h), would maximize its energy gain and
minimize its energy loss, by having a high monochromatic absorptance at 0.5um and low
monochromatic emittance at 10um. A solar collector absorbs radiations of wave length
around 0.5um (from a source of 6000°K) énd emits radiations at wave lenéth around
10um (from a source of 350°K). Therefore an ideal surface for a collector would
maximize its energy gain and minimize its energy loss, by a high monochromatic

absorptance oA at A = 0.5um and low monochromatic emittance €A at A = 10pm.

iv) Evacuated collectors

It is necessary to reduce the convective losses to obtain higher temperature (above
IQOOC). One way is to use extra layers of glass above a flat plate collector. A method that

is better but technically more difficult is to evacuate the space between the plate and its

glass cover as shown in Fig.1(i).

V) System with separate storage
a) Natural convection or thermogyphon solar water heaters
. »

This consists of a tilted collector, with transparent cover plate, a separate highly

insulated water storage tank and well insulated pipés connecting the two; it is shown in
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Fig.2(a). No auxiliary energy is required to circulate water through it. Circulation occurs
through natural convection or by thermosyphoning. When water in the collector is heated
by the sun, it expands (becomes less dense) and rises up the collector, and then through a
pipe into the top of the storage tank. This forces cooler water at the bottom of the tank
out through another pipe leading to the bottom of the collector. After sunset, a
thermosyphon system can reverse its flow direction and lose heat to the environment
during the night. This may be prevented if the top of the absorber plate is at least one foot

below the cold leg fitting on the storage tank. An electrical immersion heater can be used

as a backup for this system, to provide heat during long, cloudy periods.

b) Forced circulation water heaters -

Solar water heating systems necessitating the use of a pump for a forced fluid
flow in the collector, is termed as forced convection system. A typical system is shown in
Fig.2(b). There is no requirement for locating the tank above the collector. The
additional components would include a motor and a pump with controller (a differential
thermostat), between tank and collector. A check valve is used to prevent reverse

circulation and resultant thermal losses from the collector at night.

2.4.1.2 Indirect solar water heating system

Indirect systems are those in which a separate heat transfer medium is used in the
solar collector loop and potable water is heated indirectly by a heat exchanger. This
system uses a non freezing fluid in the solar coliector loop for heat collection. Heat is
then transferred from this fluid to potable water in a heat exchanger to the storage tank. It

is shown in Fig.3, The additional cost of these components usually offsets the fact that,
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freeze protection is guaranteed under all conditions, including power failure. The most
commeniy used antifreeze liquid for solar application is ethylene glycol. To prevent
interrzl corrosion of the surfaces in the case of open type of solar panel, especially if

aluminium is used in the construction, a corrosion inhibitor such as sodium nitrate or

benzoate, should be added and is available with the antifreeze in a ready mixed form.

2.4.2 Sciar space heating

Space heating is of particular relevance in colder countries where a significant
amount of energy is required for this purpose. The heating of resid;nces by the use of
solar radiation is a very ancient concept.. Virtually all solar heating systems fall into two
primary categories. The first is passive systems, in which solar radiation is collected by
some elements of the structure itself, or admitted"directly into the building through large,
sun-facing windows. The second one is the acti;/e systems, which generally consist of,
(a) separate solar collectors, to“heat either water or air, (b) storage device, which can
accumnulate the collected energy for use at nights and during clement days, and (c) a back
up system to provide heat for protracted periods ‘of bad weather. Heat is transferred for
warming the living spaces of building from the collectors or from the storage, by means
of conventional equipment such as fan coil units, when hot or cold water is provided; fan,

ducts, and outlets when the heat transfer medium is air, and radiant means when heating

is the only task which must be accomplished.

2:4.3  So.ar space cooling
Solar cooling of buildings represents a potentially significant application of solar

energy for building air conditioning for most sunny regions of the world. An advantage
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over solar space heating is that the demand for cooling occurs mostly. at the time when
solar energy is available. A wide spectrum of physical, chemical and electrical processes
can be employed for air conditioning of buildings. All these processes can be integrated
in either a closed or an open cycle. Since the energy of the sun is being received as heat,

the obvious choise is a system working on the absorption refrigeration cycle which

requires most of its energy input % heat.

2.4.4 Salt production by evaporation of sea water or inland brines

Solar evaporation is the historical and traditional method of obtaining salt from

sea water or brines. Modern developments have been concerned mainly with improved

pond construction and harnessing.

z.4.5 Sclar distiilation

Solar distillation can prove to be an effective way of supplying drinking water to
communities where the natural supply of fresh water is inadequate in comparison to the
availability of brackish or saline water. The basic method of solar distillation is to admit
solar radiation through a transparent cover to a shallow, covered brine basin; water

evaporates from the brine, and the vapour condensés on the covers which are so arranged

that the condense flow therefrom into the collection troughs and then into a product-water

storage tank.

2.4.5 So.zr drying
One of the traditional uses of solar energy has been for drying agricultural

produces, done in open ground. Drying can be done in a faster and in a controlled fashion
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by using dryers; in addition, a bettgr quality of produce is obtained. A cabinet type solar

-

dryer is suitable for small scale use. Solar radiation entering the enclosure through the
transparent cover, is absorbed in the product itself and the surrounding internal surfaces
of the enclosure. Temperature ranging from 50°C to 80°C is usually attained and the
drying time ranges from 2 to 4 days. For large scale drying, a convective drier is used, in
which the solar radiation does not fall on the produce to be dried, instead air is heated

separately in a solar air heater and then ducted to the chamber in which the produce to be

dried is stored. Generally forced circulation is used.

2.4.7 Scler cooking

Solar cooker designs generally fall into two lcategories; the first is the box type
cooker which essentially consists of a rectangular enclosure, insulated on the bottom and
sides, and having one or two glass covers on the top. Solar radiation enters through the
top and heats up the enclosure in which the food to be cooked is placed in shallow
vessels. The second category are those in which the radiation is concentrated by a
paraboloid reflecting surface. The cooking vessel is pla;ced at the focus of the paraboloid

mirrors and is thus directly heated. These cookers require some form of tracking.

Temperature well above 200°C can be achieved in such cookers.

2.4.8 Sclar engines for water pumping

The solar pump is not much different from a solar heat engine working in a low

temperature cycle. The source of heat is the solar collector and the sink is the water to be

pumped. The primary components of the system are an array of flat-plate collector and a

Rankine engine with an organic fluid as the working substance.
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2.5 Plgtc-voitaic econversion

The photo-voltaic effect is defined as the generation of an electrorﬁotive force as a
result of the absorption of ionizing radiation. The device used in photo-voltaic conversion
are called solar cells. Solar radiation falling on the device is converted directly into DC.
The principal advantages associated with solar cells ere that they have no moving parts,
require little maintenance, and work quite satisfactorily with beam and diffuse radiation.
Also they are readily adapted for varying power requirements because a cell is like a

building block. The main limiting factor is their exorbitant cost and consequently such

installations are uneconomical.

2.6 Thermal losses in fiat-plate collectors
The performance of a solar collector is discribed by an energy balance that
indicates the distribution of incident solar energy into useful energy gain and various

losses. The thermal losses can be separated into three:

i) Conductive losses
Conduction through the back and sides of a collector is usually negligible if the
back and sides of the collector are well insulated. An overall heat transfer coefficient

value of 0.69 W/m? K is suggested to minimize back losses.

if) Convective losses
Convective losses occur from the absorber plate to the environment through
intermediate convection excnange between the air enclosed in each insulating zone and

the boundaries of each zone, and between the collector covers. Sizing of the air gap
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between the collector covers at 1.25 to 2.5 cm reduces internal convection losses to a
mimmum possible level. In the absence of wind, external convection loss from the

outerrnost cover is by the mechanism of natural convection; but even in low winds,

forced convection occurs and the loss increases substantially.

i) Radiative losses
Radiative losses from the absorber can be reduced by the use of spectrally

selective absorber coating, which decreases heat losses and increases collector efficiency.

2.7 Status of sclar energy in India

India receives around 6000 million MWh of solar energy per year, at a rate of
Sto7 kWh/mz/day for 250 to 300 days in an year. The distribution of global solar
radiation is shown in Fig.4, and the sunshine hours in Fig.5. In view of the tremendous
potential fqr hamessing New and Renewable Sources of Energy (NRSE) in India, the
Govt. of India, Ministry of Non-Conventional Energy Sources (MNES) revised its
proposed targets for harnessing various forms of NRSE during its five year plans. The g

plan envisages a capacity addition of around 2000 MW from NRSE.

India has tremendous potential for solar thermal systems for water heating, space
heating and cooling, desalination, drying, refrigeration, and power generation. A solar

thermal power plant of about 30 MW is proposed to be established as a demonstration

project by the Govt. of India in Rajasthan.

Solar water heating systems and solar cookers have already been commercialized

1n India, Recently, a high performance solar hot water system using UTR 371 ETC
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(Evacuated Tubular Collector) has been installed at Madras. The system can supply 3000
litres.o-f hot (80°C) water per day. Solar hot water systems are now be;ing manufactured
by over 30 firms in our country\.The technology for the manufacture of the solar hot
water systems has been developed under the R&D programmes of Dept. of Non-
conventional Energy Sources (DNES) by various organizations and private industries.
The products are in many cases standardized by the Bureau of Indian Standards (BIS).

Product innovation and cost reduction have to be carried out in order to make thermal

devices market oriented.

The approximate ins;talled capacity as on 30-03-1996 was
a) Solar thermal systems — 6,’50,000 sq. mtrs.
b) Solar cookers — 5,00,000 nos.
¢) Solar crop drying units — 90 nos.
d) Solar timber kilns — 95 nos.

e) Solar distillation units — 25,000 nos.

f) SPV water pumping units — 50,000 nos.

Solar Photo-Voltaic (SPV) systems have two distinct market segments in India;

the first is the Govt. sector and the second one is commercial in nature being mostly used

for meeting essential load requirement for data logging, telecommunications,
transmissions, and for various applications in railways etc. Rural and tribal villages of

India have an estimated potential requirement of 80 million solar PV lanterns.

Solar photo-voltaic pumping systems have been found successful for shallow well

pumping in rural areas. The high initial cost of the system prevents large scale
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applications. SPV systems with a PV array capacity of 500 to 900 watts, and DC/AC

submersible pumps have been successfully tested by a few manufacturers. About 50,000

SPV water pumping systems were installed in the country by 1997.

For sblar energy studies the stations selected by DNES are Ahamedabad,
Bangalore, Mumbai, Calcutta, Goa, Jodhpur, Kodaikanal, Chennai, Mangalore, Nagpur,
Nandihills, Puna, PortBlair, Shillong, Trivandrum, and Vishakhapaténam. In Kerala the
Agency for Non-conventional Energy and Rural Technology, Trivandrum has installed

solar water heaters having various capacities at different parts of the State.

2.7 Work done on solar energy conversion systems

Thrust on solar energy increased in our country, when we faced the energy crisis,
with the frequent wars in the Gulf regions and imperial control by the Western countries
on petroleum products in the Gulf region. Hence, in a number of technical institutes,
research works on solar energy were conducte;d and use of solar energy has been
encouraged. Some of the research organizations like Central Institute of Agrl. Engg;
Bhopal, Punjab Agrl. Univerrsity; Ludhiana, Haryana Agrl. University; Hissar, Tata
energy Research Institute; New Delhi, Indian Institute of Technology; New Delhi,
Central Arid zone Research Institute; Jodhpur, Tam;l Nadu Agrl. University; Coi‘mbatore,
Indian Institute of Technology; Kharagpur, etc were actively involved in developing solar

heaters for rural areas. Some of the important works conducted all over the world are

discussed below:
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2.8.1 Work dome in India

Garg, H.P. (1975) designed a built-in-storage type solar water heater and
prototype tested in Jodhpur. The heater consisted of a rectangular, 20 gauge GI tank
measuring 1 12i80x10 cm with a capacity of 90 litres. It was contained in a MS box With
5 cm layer of fibre glass insulation below it and one glass cover on the top. The front face
of the tank was blackened by lamp black paint. He concluded that this heater could

supply 90 litres of water at a mean temperature_of 50-60°C in winter and 50-70°C in

summer and monsoon seasons.

Nahar, and Malhotra (198%). developed and tested a low cost cylindrical collector-
cum-storage type solar water heater. The dimension of the heater was 1m length and
0.25 m diameter and was made from 20 gauge GI sheet. Outer surface of the cylindrical
tank was painted by black board paint and two glazing covers of PVC film of 0.2 mm

thickness were provided on it. This heater could deliver water at a temperature of

50-55°C in the winter afternoons when tap water témperature was as low as 18°C.

Bansal (1981) conducted studies on collector-cum-storage solar

water heaters and concluded that these could meet the hot water requirements for a

variety of applications.

Garg, H.P. (1982) developed a built-in-storage type solar water heater of new
design, the exposed side of the tank was blackened by blackboard paint. It consisted of a
rectangular 20 gauge GI tank measuring 112x80x10 cm and having a capacity of 90 litres

of water. The heater was inclined at an optimum angle, which was 43° from horizontal

for Delhi, and was oriented due south to collect maximum radiation.
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Nahar (1983) designed an improved collector-cum-storage type solar water heater

for year round performance. It consisted of a 20 gauge GI tank with dimensions of
115%90x10 cm and had a capacity of 100 litres of water. The tank was encased in an MS
tray with 100 mm insulation at the back and on the sides; and two glass covers, at an
optimum air gap of 40 mm, were fixed at the top. The heatc;.r was of the non-pressure type

and worked on the push through system. This improved solar water heater could provide

hot water throughout day and night at a temperature of 40°C.

Singh (1985) developed a built-in-storage type solar water heater having a work
capacity of 100-200 litres of hot water at 55-60°C per day. The water tank was made of
18 gauge GI sheet. The top surface of the tank was painted with non-glazy black paint

had double transparent glass shield. The efficiency of the system was found to

be 40-42 %.

Anonymous (1986) developed a low cost and fairly efficient water heater of built-
in type. It consisted of a rectangular 22 gauge GI tank having capacity of 90 litres. The

highest temperature was observed between 2pm and 4pm.

Anonymous (1988) developed a natural circulation solar water heating system of
750 litre capacity. The solar collector was based on thermosyphon principle and could

provide hot water at a temperature of 80-85°C by the late afternoon. The overall

efficiency of the system was 43 %.

Nayak, et. al. (1989) reported a concrete solar collector for providing domestic

hot water. The collector was made up of thin concrete slabs with a network of PVC tubes
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of dia. 2 cm, embedded inside the concrete. A layer of CI wire mesh on either side
provide necessary reinforcement to the concrete. The top of the slab was painted black
and glazed. It was found that the collector with a pitch of 6cm gave the best performance

at a flow rate of 0.02 litre/sec/m? of collector absorber area. The daily efficiency of the

‘collector was about 37 %.

Kirian (1990) tested a low cost flat plate collector-cum-storage type solar
water heater; at KCAET, Tavanur. The heater consisted of a concrete tank with |
dimensions of 150x70x10 cm and had a capacity of 100 litres. An absorber plate of size
150x70 cm was made of aluminium sheet of 22 gauge, painted black, was fixed in the
tank. Glass cover was fixed at the top of the tank leaving an optimum air gap of 40 mm.

This gave a peak temperature of 52°C at 3pm, with an efficiency of 51%.

Garg, H.P. et. al. (1992) evaluated the performance of a closed loop hybrid air-to-
water heater. A conventional solar air heater in conjunction with an air to water heat-
exchanger of finned-shell-and-tube type, in which hot air from the collector transferred
its heat to the cold water circulated from the storage tank during sunshine hours was
considered for. investigation. They concluded that at fixed mass flow rate of water, a
higher mass flow rate of air resulted in higher storage tank temperature and vice.versa.
Storage volume also played an important role in determining the storage tank

temperature. There was a fall in the storage tank temperature as the volume of the storage

tank increased.
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2.8.2 Work done Abroad

Kenna, (1983) conducted studies on multiple layer soiar collector designed by
Caouris, et al. Several transparent plates were placed above an absorber plate. The
working fluid entered into the top and travelled down to the absorber through successive
layers. Reduction in thermal losses could be achieved by multiple glazing, but resulted in

increased optical losses. He concluded that the multiple layer collector was not a viable

design.

Sokolov and Vaxmax (1983) developed a rectangular shaped and a triangular
shaped integral compact solar water heaters. The system was a hybrid of flat plate
collector and a water tank. Solar radiation was absorbed by a plate, which then
transmitted its heat to the water in the channel adjacent to it. The capacity of the tank was
100 litres having 1m? area and 10 cm depth. The advantages of the system are; better heat

transfer from collector plate to fluid, since there are no pipes, no fins and no bonding

resistance, and lower flow resistance.

Muneer (1985) had tested a built-in-storage solar water heater. Ii consisted
of a rectangular box with the top face painted black and enclosed behind a single or
double sheet of glass. The back surface and sides were insulated. He concluded that

7

storage heater having 8 cm depth with double glazing was a good design.

Uhlemann and Bansal (1985) studied a pressurized and a non-pressurized
thermosyphon systems. Both the systems essentially consisted of flat plate collectors,

storage tanks and connecting pipes. The non-pressurized system had two collectors which

were connected separately to the storage tank, both employing six evenly spaced parallel
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pipes. The pressurized system employed only one collector of meander type , which was
connected to a storage tank. The measurement showed that for an incident solar energy of
6.75 kWh/m? of collector area, the useful energy available from the pressurized and non-
pressurized Systems was 3.06 kWh and 3.83 kWh per unit collector area respectively,

yielding a daily average efficiency of 41% and 47%.

Vaxman and Sokolov (1985) designed an integral compact solar water heater. The
casing of the system was made of 2.5 mm thick steel, and had a volume of 110 litres. The
collector size was 190x100 cm and was painted black. The cover was of 3mm ordinary
glass. A total of 24 iron-constant thermocouplés were placed at various locations to
indicate the temperature of an égual volume. The collector stood at a sl‘ope of 40° with

the zenith facing south and had an initial uniform temperature of 27°C.

Fanney and Klein (1987) had evaluated the performance of integral collector-

storage solar water heater. Micro computer controlled data acquisition system was used
to measure the total irradiance, effective black body temperature, ambient temperature,

wind speed, internal tank temperature, and the temperature of the water entering and

leaving each integral collector-storage unit.

Goetzherger and Rommel (1987) designed an integrated storage collector. The
collector was a flat box whose front surface ‘was the solar energy absorber. The
advantages of the system were: the pure water to be heated could flow directly through it

thus obviating the need for costly heat exchangers, no separate storage tank, no heat

transfer circulation with pumps and controls, were necessary
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) Ecevit and Leslie (1979) conducted studies on triangula; built-in-storage type
solar water heater of various capacities. The solar water heater built consisted of
triangular iron sectional storage volumes of 127, 168 and 220 litres. Three of each were
built using 50 gauge GI sheet, 304 stainless steel, and Imm thick copper. All nine
collectors were contained in 1mm GI sheet box with 5 cm fibre glass at the back and

sides. They concluded that the built-in-storage triangular collector showed a higher daily

efficiency as a result of better heat transfer to the fluid.

Hamdan and Jubran (1992) experimented with a built-in-§torage type solar water
heater. The heater consisted of a reqtangular 18 gauge GI tank and measuring 90x90x10
cm with an optimum volume of 0.081m® and a collecting surface area of 0.81m? The
absorber plate was made of black painted galvanizéd steel plate. The heater was insulated
at the bottom and sides using 5 cm sheet of minera‘l wool. The whole unit was installed
with a tilt angle of 35° from the horizontal. They concluded that the efficiency of the

built-in-storage type solar heater reach as high as 78% with a maximum water

temperature of 70°C and the cost was low compared to conventional flat plate collectors.

Siddiqui and Kimambo (1993) developed a compact integral solar water heater
with an absorber plate area of 1m? and a tank capacity of 75 litres. The depth of the
channel between the absorber plate and the insulated partition varied from 5 mm to 15
mm. It was found that collector channel inlet and outlet temperatures, as well ‘as the mean
tank temperature increased in varying degrees with the increase in channel depth. The

efficiency of the compact solar water heater also increased slightly with the increase in

channel depth.
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_ Hussain, et al. (1996) designed and developed two low cost built-in-storage type
solar water heaters. The first one consisted of two plastic bowls, one inside the other with
5 cm thickness of insulation in between; crumpled newspaper balls were used as
insulating materials. The diameter of the big one was 40 cm and that of small one was
38 cm; the area of small one was 0.12m? and had a capacity of 12 litres of water. The
inside portion of the small vessel was painted black. A transparent plastic cover was tied
around the smaller vessel. The temperature rise was 18°C above the ambient temperature.
The second one consisted of two earthen vessels in place of plastic bowls. The water

temperature rise was 20°C under the same conditions, above the ambient temperature.
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MATERIALS AND METHODS

This chapter deals with the design details, selection criteria for components and

test procedures of the collector-cum-storage type solar water heating system.

The functional requirements assumed for this solar water heating systems are as follows:
1. It should provide 30 litres of hot water around 65°C on a fine sunny day.

2. It should have optimum tilt to capture maximum solar radiation.

3. Cost of the solar water heating system should be low, so that it can be used by

average villagers also.

4. The weight of the water heater should be such that it could be handled by one person.

5. The number of components should be kept minimum to facilitate easy maintenance,

with good reliability and less initial cost.

3.1 The Collector area
On a clear sunny day, the solar water heating system is supposed to give 30 litres

of hot water.

Capacity of collector = 30 litres

Heat gained for heating water = M x S x AT
Where, M — maés of water - 30 kg

S — specific heat - 1000 cal’kg °c

AT- temperature rise required, °C.

AT is taken as 30°C, assuming that the minimum temperature of hot water

required is 65°C and the temperature of cold water is 35°C.
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_Heat gained for water heating =30 x 1000 x 30 = 9,00,000 calories.
=9.0x 10° x 4.187J=1.047 kWh’
(3.6 x 10°T =1 kWh)

The solar energy that could be received by a flat natural surface varies from
5 kWh to 7 kWh/m? in most of the places in India. |

Taking the solar energy available as 6 kWh/m? and the energy absorption
efficiency of absorber plate as 60%.

The solar energy absorbed by the absorber plate =6 x 0.6 = 3.6 kWh/m?.

Average collector surface area =1.047 /3.6 =0.2908 m* ~ 0.3 m’.

The absorber area is also selected by the follbwing method:

For a fixed absorber area, if the depth of storage tark increases, the water capacity

" also increases, and hence the storage water temperature decreases and vice versa. As the

depth increases, the collector efficiency also increases, because the thermal losses to the

outside air decreases. It can be seen that up to a depth of 10 cm the rise in efficiency is
very fast, but above this, the rise in efficiency is negligible. (Garg, H.P. ,1975).

Since the capacity of the solar water heater is 30 litres and the depth of water in

storage tank is 10 cm,

The collector surface area=0.03 /0.1 =0.3 m?.

3.2 Construction of the solar water heater

The various components of water heating system are discussed below with their

materials of construction.
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3.2.1 Cover plate

The cover plate over the absorber of the collector should. have a high
transmittance to the incoming solar radiation and opaque to the radiation emitted by the
hot absorber. The transparent cover acts as a convection shield to reduce losses from the

absorber plate beneath. The material most commonly used is glass for transparent COVers.
Glass has a higher transmittance factor than most other transparent materials, does not

suffer from corrosion or ultraviolet instability; it has a considerable life, is reasonably

cheap, and with care easily handled.

The specification of a typibéf:}' good q_uality transparent glass solar collector cover
would be: 4 mm (up to 1m? collector); Smm (up to 2m? collector); 6 mm (above 2m?
collector). Although two cover \plates reduce the hea't loss from the collector plate, each
transparent cover reduces the radiation incident on the collector by about' 10%.
Therefore, single glazed collectors will outperform double glazed collectors at low and
medium temperatures, and shows the highest thermal performance. So single plain glass

plate of 4 mm thickness was used as the cover plate. Each water trough was covered

using glass plate of 71 x 51 x 0.4 cm size.

3.2.2 Storage tank

The collector is enclosed in a container that holds the components together,
protects them from weather. So many flat plate built-in-storage type solar water heaters
have been developed already, but they were not yet popularized because of the high heat
losses from the storage tank due to high thermal conductivity of the materials commonly

used, like GI and MS. This defect is partially rectified by using insulation over the storage
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1, Fibre glass trough 2, Glass cover

3. Inlet. 4, Outlet

Fig. 6 ISOMETRIC VIEW OF THE SOLAR WATER HEATER
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tank, but this increased the total cost of the solar water heaters considerably, which
limited the p.o-pularity again. These defects can partly l;e overcome by using. a material
having low thermal conductivity for the storage tank. Fibre glass is selected in this study
as the material for storage tank, because of its loW thermal conductivity (Appendix I),
good mechanical resistance, light weight, low price, etc. Five rectangular troughs of
67 x 47 x 10 cm were made by using fibre glass of 3 mm thickness i.e. 3 layers of fibre
glass joined by iso-thalak resin. The inner surface of the trough is polished smooth and
the outer surface of the trough is coated vx;ith aluminium paint, which also reduces the
heat losses from the trough. The trough is shown in Plate 1. The four sides of the trough age
slightly inclined optwards, in order to help the manufacturing process. A 2 cm projection
is provided on the top of the fibre glass trough to fix the glass cover over it. The isometric

view of the solar water heater is shown in Fig.6. The detailed dimensions of the storage

trough are represented in Fig.8.

v

Inlet and outlet pipes are provided to carry cold water to and hot water from the
collector. The inlet was provided on the{onger side of the fibre glass trough at about 5 cm
from the bottom edge. The outlet was provided on top corner, diagonally opposite to the

inlet. Half inch PVC pipes were used for both inlet and outlet connections; it is also

shown in Fig.6.

3.2.3 Collector assembly
Collector assembly is the most important component of the solar water heater as it
receives the solar radiation and transmits the heat to the surrounding water. The collector

~ of this water heater was fabricated out of 22 gauge aluminium sheet, because of its high'




PLATE I. VIEW OF THE FIBRE GLASS TROUGH









-

PLATE IL. VIEW OF THE SUPPORTING ALUM

INIUM SHEET
ARRANGEMENT
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thermal 'conductivity, lower cost compared to copper, lighter weight and less corrosion. It
had an absorber plate at the top and a similar parallel plate at the bottom, both being
interconnected at the ends by two vertical sheets and in between the area by four vertical
spacers. These parallel spacers were fixed at an angle of 40° to the horizontal ends. The
two vertical sheets at the ends were made by bending the edges of the bottom sheets
upwards. The collector assembly had an overall size of 65 x 45 x 9 cm heiéht. The top
absorber plate was blackened using Epilux 4 enamel black board paint, which absorbs the
solar radiation and get heated up. Thus the water nearby the absorber plate also get
heated up. As this hot water rises up due to its reduction in density, the water at the lower

layers will not get heat. The bottom parallel plate connected to the absorber plate through

aluminium spacers over comes this draw back and transmits heat to almost all parts inside

the trough heating the water more uniformly.

The arrangement of the collector assembly is shown in Fig 7 & in Fig 8, and in

Plate 11 & IIL It was assumed that the blackened absorber surface had an absorptivity of

0.96.

In this study the position of the absorber plate from the glass cover was optimized
by constructing five solar water heaters with differex;t absorber plate positions (Plate III).
The position of the absorber plate with respect to the top glass cover was kept at different
values by changing the width of the spacers that connect to the bottom parallel plate. The

different configurations of the solar water heater and their constructional features are

explained below. The five different versions are, designated suffixing the depth in cm of

the absorber plate from the top glass cover plate,
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1, Absorber plafe : 2. Aluminium spacers

3. Bottom Aluminium plate. 4, side aluminium sheet

Fig., 7 ISOMETRIC VIEW OF ALUMINIUM SHEET ARRANGEMENT
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i)  Solar water heater I (SWH 1.)

In this solar water heater the absorber plate was placed at a depth of 1 cm from the
glass cover. The height of the absorber plate from the bottom of the tank was 9 cm. The
width of the spacers i.c. the gap between the absorber plate and the bottom plate was

8 cm. The arrangement of the collector inside the storage tank is shown in Fig.8.

ii)  Solar water heater II (SWH3,)

The absorber plate was placed at a depth of 3 cm from the glass cover. The width
of the spacers was 6 cm. The absorber plate was at a height of 7 cm from the bottom of
the storage tank. The gap between the absorber-plate and the bottom aluminium plate was

6 cm. Fig.9 shows the arrangement of the whole setup. Other constructional features and

fixation of the absorber in the storage tgnk are same as explained earlier.

iii) Solar water heater 111 (SWHs,)

In this version of solar water heater the absorber plate was positioned at a depth of
5 cm from the top glass cover. The width of the spacers i.e. the gap betweexi the absorber
plate and bottom parallel plate was 4 cm. The absorber plate was placed at a height of

5 cm from the bottom of the storage tank. The arrangement is shown in Fig.10.

iv) Solar water heater IV (SWH1,)

Solar water heater IV is shown in Fig 11. In this solar water heater the absorber
plate was placed at a depth of 7 cm from the glass cover. The gap between the absorber

plate and the bottom parallel plate, i.e. the width of the spacers was 2 cm. The absorber
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plate was positioned at a height of 3 cm from the bottom of the storage tank. The other

constructional features and fixations are same as that explained earlier.

iv) Solar water heater V (SWHoy,)

In this solar water heater, a single aluminium sheet of 83 cm x 45 cm was used.
Two sides of the sheet were bent vertically upward with 9 cm in width each in the
transverse sides. The top surface of the aluminium sheet and the faces of the side plates
facing each other were painted black. The absorber ‘was placed in the fibre glass trough
as shown in Fig.12. The depth of the abgorber plate from the top glass cover was 9 cm.
The height of the absorber plate wasi) cm from the bottom of the fibre glass &ough. The

absorber plate was positioned in such a way that 1 cm gap was provided in all sides from

the fibre glass trough.

3.3 Fabrication of the solar water heaters

The built-in-storage type solar water heaters were made according to the design
details in section 3.1. Five collector assemblies were fabricated as per the design
discussed in section 3.2.3 and is shown in Plate III. The fibre glass troughs were made by
a firm, namely M/s glass fibre industries, Thrissur as per the dimensions and details given

to them. The collector absorbers were fixed inside the fibre glass trough and the top of the

troughs were covered using plain glass plate of 4 mm thick.

3.4 Installation of the solar water heaters

This study was undertaken at KAU, KCAET, Tavanur in Malappuram District.

Tavanur is situated at 10°52’30” North latitude and 76° East longitude. The site was
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carefully selected, obstructions such as buildings, trees etc. that may cause shade were

avoided. The solar water heaters were installed at the top of one of the buildings in the

college campus.

3.5 Orientation of the solar water heaters

To obtain maximum sol‘a;i radiation and to minimize optical losses due to
reflection from the absorbing surface, it is essential that the incident radiation strike the
absorber surface at right angles. The angle of incidence of solar radiation on the earth

surface depends upon the parameters like latitude of the place, time of the day, and time
of the year.

The optimum roof angle for solar water heater is approximated by the degree of
latitude. Since the atmospheric temperature is more during the summer months, The
inclination is kept at latitude minus 15°. For maximum utilization in the winter months
the inclination is kept at 15° more than the latitude of the place. For year round utilization
on is kept at the latitude of the place. In Kerala, since the temperature remains

the inclinati

more or less same during winter and summer, the heaters were given an inclination of

10°52°30" from the horizontal facing due South to collect maximum solar radiation.

Plate IV shows the solar water heaters after installation.

3.6 Performance of the solar water heaters
The solar water heaters were exposed to solar radiation directly under open space.

The performance evaluations were conducted during the day time from 8am to 5pm. In

the early morning hours the incident solar radiation was not enough to bring the heaters to




PLATE III. VIEW OF FIVE COLLECTOR ABSORBERS
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7

the operating condition. Once the heater started giving useful energy, the following
observations were taken and recorded 'at every lhour interval
1. Inlet wat.er temperature (Tii . 2. Outlet water temperature (To)
= 3. Ambient temperature (Ta) 4. Solar flux incident on the collector plane
The performance was evaluated by adopting two different methods; namely,

i) hourly reading method

| ii) hourly filling method -

| ' In the hourly reading method the solar water heaters were filled daily at 8am with

fresh water. From then onwards the above said readings were recorded at every lhour

- interval.

In the second method, i.e. in the hourly filling method, the solar water heaters

were filled during every 1hour interval with fresh water from 8am to Spm. In this method

also the said readings were taken at every 1h interval,

The water temperatures Wwere noted with a mercury-in-glass thermometer

(Appendix II), and is shown in Plate V.

3.5.1 Measuremait of the intensity of solar radiation

Total solar radiation received on horizontal surface was measured by using solar

intensity méter i.e.‘Suryamapi’. The meter is calibrated for both mW/cm2 and langléys/h: )

Suryamapi is a hand-held portable solar intensity meter used for the measurement of total

global (direct plus diffuse) solar radiation.
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The sensin ially
g solar cell, a specially fabricated silicon cell, mounted
, mounted at the to
p of

the meter, is co
) n i i
nected through a suitable circuitry to an ammeter
meter. The res
4 ponse of

1 .

of incide iati incli £
nt radiation on an inclined surface, the plane of the sensing sol
g solar cell sho
: uld be

kept parallel to the surface i
as shown in Plate VI. Th i
. The specification of the
suryamapi is

given in Appendix I1.

3..6.2 Heat Balance Equation

eat delivered by a solar collector = Heat absorbed by the solar coll
€ ector -

The useful h
Heat lost to the surroundings

Q= A [(Hr- UL (Ta-Ta)]
But, Q = Ww (dTw/dt) + Wa (dTa/ dt)

e W (dTwidt) + Wa (dTa/ dt) = A [(Hr— U (Ta-Ta)]

At ideal conditions, Tw=T
A

(dTwidt) = (dTa / di)

(W + Wa) dTw = [(Hr A- UL A(Ta-Ta)] dt

N dTw =[( Hr A- UL A(TA-Ta)] dt

On integrating, Tw=Two +P (t-to)/N
Using this equation the temperature of water insi
) , side the solar w
ater heaters c
an

be predicted, at any time of the day

Where, A ~ absorber area, m®

H, — total sol n falling on the absorbing surface kcal/m?/h

ar radiatio

uivalent of collector-cum-storage tank, kg

Wwa — waterl eq
WW — weight of water in the storage tank, kg
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dtw — rate of rise of average water temperature,’C
Ta - ambient temperature, °c

Tw — temperature of hot water, °c

T — absorber surface temperature, °c

UL — heat transfer coefficient

P = Hrp A-UL(Ta-TA)

N = Ww + Wa

t - time

- dT 4/ dt —rate of rise of average temperature, °C

3.6.3 Efficiency of the solar water heater

Collection efficiency is the measure of collector performance. It is defined
: ed as the

ratio of the useful heat gain over any time period to the incident solar energy
over the

same time period
ained / radiation incident on the collector

Efficiency, N~ Useful heat g
= Mx S x (To-Ti) / Hsx A
Where, M — mass of water heated up (kg)
g — specific heat of water (J/kg"C)

To — outlet temperature of hot water (°C)

Ti — initial temperature of cold water (°C)

H, -- solar radiation on unit area on horizontal surface of earth (W/m?)
m

A — absorbing surface area of the water heating system (m?)
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RESULTS AND DISCUSSION

The results of the performance evaluation of the built-in-storage type solar water

heaters are discussed in this chapter.

4.1 Performance Results

The performance evaluation was conducted from 21% April *98 to 4™ May 1998.

The solar water heaters were placed at the latitude of Tavanur, namely 10° 52° 30,

These water heaters were tested under two different test conditions. In the first one, water

heaters were filled with water at 8am, then the outlet and ambient temperatures, and solar

radiation were recorded for every 1 h interval during 8am --t0 5pm from 21“.April °98 to

27" April 1998 Under the second test condition, solar water heaters were filled with
water at every | iy -interval during 8am and 5pm from 28" April *98 to 4™ May 1998; and

the same set of readings were recorded. The outlet temperatures were noted from two
e

ints. i.e. one on the top and the other from the bottom in the outlet portion, and the
points, i.e. '

erage of these two Was taken for calculations; to minimize the error that might occur
av

due to the position of the absorber plate.

Table 1 shows the solar radiation received during the period of study at Tavanur.
A maximum solar intensity of 980 W/m? was noted on two days at 12 noon. It is clear

from the table that the variation of daily average solar radiation received during the
r -

experiment was very minimum.
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4.1.1 Solar water heaters evaluated under the first test condition

'The performance of the solar water heaters under the first test condition are

discussed below:

Performance of solar water heater I (SWH,,)

The solar water heaters were tested from 21 to 27" April, 1998 under the first
test condition. Table 2 shows the average solar radiation, average ambient temperature,

inlet temperature, average outlet temperature at 3pm, and daily efficiency of the solar

water heater during the experiment period. A maximum heater efficiency of 54.56% was

i observed on 26-04-°98. The maximum average outlet temperature of 58.5°C was

4: observed on 24-04-°98 at 3pm. The performance of the solar water heaters on 24-04-98,

1 .
: are presented in Appendix IIL The hourly variations of thg outlet and ambient

temperatures, and solar intensity are shown in Fig.13. It is evident from the figure that the

solar intensity reached a maximum at 12 noon. The maximum outlet temperature of 64°C

was observed at 3pm on 24" and 25" of April 1998. The variation in the ambient

temperature wWas less.

Performance of solar water heater 11 (SWHj,)

It is clear from the table 3 that the maximum average outlet temperature was

observed on 24-04-98 and it was 60°C. The efficiency of the solar water heater reached a

maximum value of 55.72% on 26-04-'98. Fig. 14 shows the performance of the solar



Table 2. Daily average solar radiation, inlet, outlet and ambient
temperatures, and efficiency of solar heater I (SWH;,) under the first

test condition from 8 to 17 hours

60

! Date Average solar Average l Inlet Outlet Efficiency
: radiation ambient temperature | temperature (%)
(W/m?) temperature (°C) (°c) CC)
21-04-+98 514 34.45 34 56.0 49.78
22-04-98 541 34.58 33 57.0 51.80
23-04-'98 563 34.89 "33 57.5 50.61
24-04-'98 561 33.70 34 58.5 50.79
—
25-04-98 529 34.13 34 58.0 52.77
26-04-"98 501 34.35 34 57.5 54.56
27-04-'98 546 34.15 33 57.5 52.19
—
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Table 3. Daily average solar‘radiation, inlet, outlet and ambient

temperatures,

- test condition from 8 to 17 hours
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and efficiency of solar heater II (SWH;3,) under the first

-
;' Date Average solar Aver‘age Inlet Outlet Efficiency
! radiation ambient temperature | temperature (%)

! (W/m?) temperature (°C) ‘c) ‘c) :

|

I

| 21-04-98 514 34.45 34 57.0 52.04
—

| 22-04-'98 541 34.58 33 58.5 54.82
23-04-"98 563 34.89 33 58.0 51.65
25-04-'98 529 34.13 34 59.0 54.97
26-04-'98 501 34.35 34 58.0 55.72
27-04-"98 546 34.15 33 58.5 54.32

.
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Performance of solar water heater III (SWHs,)

Table 4 shows the performance of this solar water heater during the experiment
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Table 4. Daily averag
temperatures, and efficiency

e solar radiation,
of solar heater

test condition from 8 to 17 hours

inlet,

outlet

65

and ambient
II1 ( SWHs, ) under the first

Date ; Average solar Average Inlet Outlet Efficiency
| radiation ambient tempg:rature temperature (%)
% (W/m?) temperature (’C) - (C) (C)
I -
|
21-04-'98 514 34.45 34 53.5 44.12
|
: L
r
| 22-04-'98 541
. 33 55.0 45.57
| 23-04-798 563 34.89
! " 34 55.5 445
. . e
24-04-'98 561 33.70
| —
-
A3 34 56.0 48.37
25-04-'98 529 34
— 4———""“/
34.35 34 55.0 4875
26-04-"98 501
-
I
34.15 33 35.5 47.93
27-04-"98 546
-
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r the first

‘._,____———!/ —
| Date . Average solar Average Inlet Outlet Efficiency
radiation ambient temperature temperature (%)
(W/m?) temperature (°C) °C) (9
l-—-___—-._.__,._{L__,___——-————""—“,_——-——-"‘_*
% 21-04-98 514 34.45 34 53.0 42.99
: //
-
| //
: 33 54.5 44
| 230498 563 34.89 - 42
‘ -
- — | 34 54.5 42
. .50
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l /
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Performance of solar water heater V (SWHoy,)
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4 the absorber plate, outperforms other heaters; thi
 this might be
energy transfer to the water and low h
. the

mal
because Of good ! “ ot h
t

e performance of SWHi might have been affected by enhanced thermal

system- 2
. se the gap between'ihe top las
vectio™ becat glass cover and botto

Josses thro gh con "
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solar radiation, inlet, outlet and ambient

Table 6. tDaeiL)’ a:;i:';gc:ency of solar heater V (SWHy,) under the first test
temperatures,

condition from 8 to 17 hours

//
- ar Average Inlet Outlet Efﬁ%iency
Date Avef?ge.so ambient ~temp§rature tempgrature (%)
r?&iﬂ%n remperature (°C) Q) ()
/ .
— | 510 34.45 34 530 42.99
| 21-04-"98 I
—_ " 34.58 33 54.0 45.15
' 22-04-"98
I e 33 54.5 44.42
' 23.04-'98 563 A
A A - //
1 370 34 sa5 | 4250
' ” ()4-’98 56] I .
| — .~————-""’/‘/ 34.13 34 55.5 47.27
i 9 B
' 25-04-'98 52 ]
0l

26-04-98 //5//

— 3415 33 545 | 4580
46 -
27-04",98 /5//
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er plate w .
r plate was only lcm, and also by less efficient heat energy transfer to th
o the water at

y of SWHso, SWH-, and SWHyo compared to SWH
30

absorb

the bottom. The low efficienc

f the higher gap between the top glass cover and the absorber plat
ate,

might be because O

i.e. 5,7,and 9cm respectively.

4.1.2 Solar water heaters tested under the second test condition

e solar water heaters under the second test condition i
ie.

The performance of th
interval from 8am :to Spm, is

[led with water at every 1 h

water heaters were fi

discussed below

f solar water heater I (SWH;,o)

€

d the daily efﬁcnency of t
and a 2 maximum outlet temperature of 50°C

The a
his solar water heater are presented in

temperature at 12noon an
Table 7. A maximum efficiency of 31.87%
3.05-‘98. The relevant parameters of the sol

iment are shown in Appendix IV. It is clear from the

ar water heaters on a clear

were obtained on
uring the exper

sunny day d
et temperature incre

observation that the outl
ased. The highes
solar water heater O

ed on different days at 12noon.

ased to the maximum value at about 12noon

¢ solar intensity Was also noted at 12noon. The

and then it decre
n 28-04-'98 is shown in Fig.20. A

¢ of 53°C was obtain

maximum outlet temperatur
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d effic

test condition from 8 to

verage
iency of solar heater I

17 -hours

solar radiation, inlet,

outlet
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'and ambient
( SWH,,) under the second

,_—.—./——-M/
- Date Average solar Average Inlet Outlet - | Efficiency
1 radiation ambient temperature | temperature (%)
| (W/m?) temperature (°C) (°C) °C)
L_,,_,___,__/J__,,_,_—-—-
28-04-"98 574 34.20 35 49.5 29.38
‘___“_____,__//
29-04-98 585 34.10 35 49.5 28.83
| -
: ) i e
i—— __/// T
l 01-05-"98 581 34.65 35 49.0 28.03
i -v2T -
L—J‘-/// ' 34 49.5
: 78 34.25 5 31.19
02-05-"98 3
// :
584 33.85 34 50.0 31.87
03-05-’98 P
T
— | s 34.00 3 o5 | 2878
04-05-"98 JE—
/
/ -
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Performance of solar water heater 11 (SWHsy)

mance of SWH;o is shown in Table 8. From the table it was observ d
e

The perfor
79 and maximum average outlet temperature of 50°C at

maximum efficiency of 31.8
d on 3-05-‘98. The performance O

that
f the solar water heater on

12noon were obtaine

»98 is tabulated in Appendix Y
0C at 12noon was obtained on differe

and presented in Fig.21. It is clear that maximum

28-04-
nt days.

outlet temperature of 51

ar water heater 11 (SWHs_o)

Performance of sol
om the Table 9 that the maximum efficiency of 27.88% and maximum
f 48°C were obtained on 3

a clear sunny day is presented in Appendix IV. Fig. 22 shows the

-05-°98. The performance of the

water heater Of
ar radiation on 28-04-°98.

inlet, outlet and ambient temperatures, and sol

variation of the 1
SWHs o was 49°C at 12noon on 3-05-'98.

[he maximum temperature developed by the
performance of solar water heater 1V (SWH1,)
performan® details ©f solar water heater 1l is presented in Table 10. The
erfo
:um average outlet temperature of 47°C at

5.89% and maxl
98, Thﬁ performance of SWH7o on a clear sunny day is
temperature recorded was 48°C at 12noon

5. The maximum outlet



:I‘able 8. Daily average solar radiation, inlet, outlet

temperatures, and efficiency of solar heater II ( SWHj3, ) under the second

test condition from 8 to 17 hours

78

and ambient

Date Average solar Average . Inlet Outlet Efficiency
radiation ambient temperature | temperature (%)
(W/m?) temperature (°C) (°C) o)
I—
28-04-98 574 34.20 35 48.5 27.35
29-04-98 585 34.10 35 495 28.83
30-04-"98 579 34.25 35 49.0 28.12
,——/——_ . ‘
01-05-98 581 34.65 35 48.5 © 27.03
o
05-'98 578 34.25 34 49.5 31.19
02-05- 4
—— 7=
—
. 34 50.0 31.87
, 584 33.85
03-05-"98 _
-
5-'98 586 34.00 34 49.0 27.79
04-05-’ |
L
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Table

temperatures, and e

test condition from 8 to 17 hours

9. Daily average solar radiation, inlet, outlet
fficiency of solar heater III ( SWHs, ) under the second

-80

and ambient

Date

Average solar Average ~ Inlet Outlet Effici
radiation ambient temperature | temperature l(c:/loe)ncy
(W/m?) temperature (°C) ‘C) o) .
574 34.20 35 46.5 23.30
585 34.10 35 46.5 23 86
579 34.25 35 46.0 22.10
- .
581 34.65 35 46.5 23.02
578 34.25 34 46.5 21.15
584 33.85 34 48.0 27.88
586 34.00 34 47.0 23.82
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and efficiency of solar heater
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82

and ambient

t
Date Average solar Average Inlet 0
e . utlet i
radiation ambient temperature. tempef:ture Bﬁ'lco/nency
(W/m’) temperature ("C) ‘c) e (%)
L
28-04-98 574 34.20 35 46 .
5 2
RS 3.30
29-04-"98 585 34.10 35 46.5 23.86
// . *
"] : ’
01-05-"98 581 34.65 35 455 21.02
02-05-'98 578 [ 3425 34 460 | 2415
00 I .
03-05-"98 584 33.85 34 47.0 25.89
L .
I
04-05-"98 586 34.00 34 46.5 22.83
/ . .
A
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Performance of solar water heater V (SWHy,)

Table 11 shows that maximum efficiency of 25.89% was obtained on 3-05-‘98
-05-98 for

the solar water heater . The maximum average outlet temperature of 47°C at 12no
on was

obtained on different days during the "eiperiment. The performance of the SWH
’ € 90 On

28-04-98 is shown in Fig.24 and Appendix IV givés the data tabulated on the d
same day.

4.1.2.1 Comparative evaluation of the performance of t
e of th : ,
the second test condition e solar water heaters under

~

The daily efficiencies of the solar water heaters during the experiment period
eriod are

shown in Fig.25. It is obvious from the figure that the variation in efficiencies of SWH
o
10

andy SWH3o were very minimum. The maximum efficiencies obtained by SWH
1.0 and
SWH3j were same. The performance of SWH, o and SWH; were good as co
‘ : mpared to

SWHs.0, SWH70 and SWHoo. The efficiency of SWHso was slightly higher than th
at of

SWH;7 o and SWHoo-: The variation in efficiencies of SWH7 0 and SWHy, are le Fig. 2¢
: . ss. Fig. 26

shows the variation in outlet temperatures of the solar water heaters i
ers in a clear sunn
[ y day.
It was clear from the figure that the outlet temperatures obtained by SWH d SWH
, ' 1.0 an
| 3.0
outperforms the other solar water heaters tested. The variation in the ;
‘ outlet temperat
' _ ures
developed by SWHs.o, SWH10 and SWHs o were.minimum. The reasons for the variati
| iation
f the solar water heaters might be the same explained under
A section

in the performance O

4.1.1.1 earlier.
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Table 11. Daily average solar radiation, inlet, outlet and ambient

temperatures,

test condition fr_om 8 to 17 hours

and efficiency of solar heater V ( SWHy ) under the second

{ Date Average solar Average Inlet Outlet Efficiency
; radlatlgm ambient temperature | temperature %)
(W/m?) teperature (°C) &®) ‘Cc)

—_ | ' .

28-04-+98 574 34.20 35 47.0 24.32

29-04-'98 585 34.10 35 47.0 23.86
I

30-04-"98 579 34.25 35 46.0 22.10
—

01-05-"98 581 34.65 35 45.5 21.02
L

02-05-"98 578 34.25 34 46.5 25.15
S 4

03-05-"98 584 33.85 34 47.0 25.89
—

04-05-"98 586 34.00 34 46.5 22.83
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4.2 Economics of the solar water heaters

The solar water heaters comprised fibre glass storage tank, blackened aluminium

collectors and plain glass cover. There was only slight variation in the total cost for the

production of solar water heaters. This slight variation occurred due to the fact that the

quantity of aluminium sheet used for different models were different. The solar water

heater can provide 30 litres of hot water from 9am onwards and this can be used for

cooking, cleaning of utensils and similar other domestic use. The total cost of each solar

water heater worked out to be Rs 1000/- and the operating cost per unit of thermal energy’

obtained with the heater is found to be 25 paise per kWh. The details of cost analysis are

presented in Appendix V.

4.3 Handling of the solar water heaters

The weight of the empty solar water heater was about 9.5kg. This weight is small

enough to handle the solar water heater easily by one person. The solar water heater can

be transported to any place by one person. The installation of the heater can also be done

by a single person due to its light weight.
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SUMMARY AND CQNCLUSION

Solar radiation is a dependable energy source, as against the dwindling fossil

fuels. It is clean and can be tapped with moderate skill and technology. Water heating is

a simple and low cost application of solar energy. The conventional solar water heaters

are costly and inefficient due to higher thermal losses. A Collector-cum-storage type

solar water heater was designed and fabricated with fibre reinforced plastic tank,

aluminium absorber plate and glass cover, to reduce the thermal losses, fhereby

increasing the efficiency, and reduce the initial cost. It had an overall dimension of 67 x

47 x 10 cm, capacity of 30 litres and a collector area of 0.3 m?,

The five versions of the solar water heaters all without thermal insulation were

tested under two different test conditions: the first with stagnant water and the second

with hourly replacement of water both from 8am to Spm, and the results are summarized

below:

1. Solar water heater I (SWHi,0)

a) Maximum efficiency of 54.56% was observed under the first test condition

b) Maximum efficiency of 31.87% was observed under the second test condition

¢) Maximum temperature of 64°C was noted at 3pm .

2. Solar water heater 11 (SWH3,0)

a) Maximum efficiency of 55.72% was observed under the first test condition

b) Maximum efficiency of 3 1.87% was observed under the second test condition

c) Maximum temperature of 61°C was noted at 3pm
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(71295

3. Solar water heater 111 (SWXHs.0)

a) Maximum efficiency of 48.75% was observed under the first test conditi
_ on

b) Maximum efficiency of 27.88% was observed under the second test conditi
ition

¢) Maximum temperature of 58°C ‘was noted at 3pm

Solar water heater IV (SWH1.,0)

a) Maximum efficiency of 48.75% was observed under the first test conditi
on

b) Maximum efficiency of 25.89% was observed under the second test conditi
ition

¢) Maximum temperature of 57°C was noted at 3pm

Solar water heater V (SWHy,0)

(_)l

a) Maximum efficiency of 47.59% was observed under the first test condition

b) Maximum efficiency of 25.89% was observed under the second test conditi
ition

c) Maximum temperature of 56°C was noted at 3pm

From the performance of the solar water heaters we could conclude that

:mum outlet temperature was 64°C at 3pm

1. AmaX
7. A maximum. efficiency of 55.72% was obtained at 3pm in solar |
water heater II

(SWHs.0)

3. The optimum position of the absorber plate was 3cm from the top glass plat
a e: i-e. in

solar water heater 11 (SWHs.,0)

4. The solar water heater supplies heat energy at 25 paise per kWh, which is ab
’ out 4

times less than the prevailing electricity rates in India
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The following suggesti
g suggestions are made for further im
provement of the sol
ar water

heater:

.

b

[U%)

An automatic tilting mechanism to be provided to track the sun
An outer box with insulation may be provided. This will increase efficiency and aid
and ai

easy handling.

An additional glass plate may be provided to increase the efficiency of the sol
ar

water heater.

Use selective surface to increase efficiency.




References




REFERENCES

( ) n Overview of Renewable energy commercializati
A ization in India

Renewable Energy 10(2/3). pp : 197-205.

Ban-)‘al, P-l(. 1981 . I lle[ llllal o[)el I(’] "la

ive demand. NH 08 Proc., NSEC : 1.028-1.029

relat
Caoris, et. al. (1978). A noval collector. Solar Energy 21 15‘.7 16
: 157-160.
Dickinson, Willaim, C. Cheiremisinoff and Paul, N. (1980) Sola
rEﬂﬁgYIgchn_angu

Han

Ecevit, A.E. and Leslie, J.D. (1979). Solar Energy Co ion. Perg
- Pergamon Press, Oxford

Handbook. Tharcel Deklcer Inc., New York, Part B. pp : 3-13.

% Ed. pp: 101-115.

Fanney, A.H. and Klein, S.A. (1987). Comparison of Experimental and
and Calculated

performance of Integral Collector-storage solar water heate
rs. Solar Energy
38(5)

- 308-309.

Garg, H-P- (1975) Lreatise on Solar Energy Fundamentals
of Solar Energy
. John Willy

and Son’s, New York.

r

Garg, H.P- (1975)-
India. Solar Energy 17 : 167-172.

heater at J odhpur,

H.P. (1982). Low cost built-in-storage solar water heater. [nvention Inte]]
. 1 .

17(7) : 305-307.

Garg,

C., Jha, R. and Zaidi, Z.H. (19
.H. (1992). Performan
ce prediction of
a

H.Pp., ChoudharTy
ter heate
r. Renewable Energy 2(3). pp : 211-218.

Garg,
id air to water solar wa

hybri

nd Gupta, C.L. (1967). Optimizing the tilt of flat plate solar coll
collectors for

Garg, H-.P- 2
[nstitution of Engineers pt GE.21.

India. J



ii

Ghosh,G.K.
osh,GK. (1997). Solar Energy-The Infinite Source. Ashish Publishi
Punjabi Bagh, New Delhi. pp : 1-99. ing House, 8/81,

Gillett, W.B. and Moon, J.E. (1985). Solar Collectors. D. Reidel Publishing C
6 (A). pp : 35-40. ng Co., Holland,

Goetzherget, A and Rommel, M.(1987). Prospects for Integrated Storage C
Systems in Central Europe. Solar Energy 39(3) : 211-219 ge Collector

water heater at Hissar. Proc. NSEC.

Hamdan, M.A. and Jubran, B.A. (1992). Some thebretical and experimental as
pects of a

built-in-solar storage. Renewable energy 2(4/5). pp : 170-177

*Herschel (1837). Experimented with solar water heaters, referred in Solar E
) ? Lolar Lnergy-
Infinite Source, by Gosh, G.K. (1997). Ashish Publishing House, 8/8 N~
Bagh, New Delhi. pp : 7 > 8/81, Punjabi

Hottel, H.C. and Woertz, B.B. (1992). The performance of flat plate solar
Trans. ASME 64. 91-104. collectors.

[ Iussain IVI and UIInee) I I . (1(’: g 6) DeSigll and Fabl‘ic i f
> atlon (0] lOW COSt
SOlaI water

heaters. Renewable Energy 9(1-4). pp : 265-272.

ain. S.K. (1990). Water Supply and Sanitary Engineerin
s g. Oxford & IBH :
Publishin
g

Huss
Co. Ltd., New Delhi, 2" Ed. pp : 69-88.

MaheShWaIi, IiI . and SaWhney R.L (1 992)
> St . SOlar Ene
Lf Lhergy & Ene’ gy

Kamal’ R"
~vation. Wiley Eastern Ltd., New Delhi. pp : 1-32

Conse

Kenna, J.P. (1983). The multiple layer solar collectors. Solar Energy 12 : 163

gendoorn, C.J. and Kreith, F. (1989). Solar Design-C.
-Components,

Kreider, J.F- Hoo
Systems, [Economics. Hemisphere Publishing Co., New York. pp : 1-150

t, David & Hare, Garard (1983). Applied Solar En
Ku dSolar Energy. Butterworths, London, 2™ Ed.



iii

Lissy, Kurian (199 icati
y rian (1990). Fabrication and testing of a low cost flat pl
plate collector-cum-

storage solar water heater. Master
. Thesis, KAU, KC
) , KCAET, Tavanur

Magal, B.S. (1990) Solar
. - Power Engineeri
. Engineering. Tata McGraw-Hill Publishi
New Delhi. pp : 1-256. ublishing Co. Ltd.

Mani, A. (1980). Hand Book of o
, of Solar Radiation daia for India. Allied Publi
Ltd., New Delhi. pp: 23-66. ublishers Pvt.

7

Munner, Tari :
ariq (1985). Effect of design parameters on performance of b
: of built-in-stora
ge

solar water heaters. Energy Conversion Mgt. 25(3) : 277
' : : 277-281.

Nahar, N.M. (1983). year round performance of an improved collector

solar water heater. Energy Conversion Mgt. 23(2) : 91-95

g

systems at C.A.Z.R.1, Jodhpur. Proc. NSEC.,
NM.
r and Malhotra, K.S. (1981). A low cost cylindrical collector-c
-cum-storage

Naha
type solar water heater. NH_ 07 Proc. NSEC : 1.024-1.027

S.P., Li
Limaye, R.G. and Bopshetty, S.V. (1989). Performan
ceofa

Nayak, J.K., Sukhatme,
lar collector at an ¢ i

quatorial location. Solar

' and Wind

simple flat plate SO

Technology 6(3): 283-289.
and Gidney, J.T.’ (1987). Diurnal perform
ance of

B., Probert, S.D.
ers-an emperical prediction
method. Solgr
. Energy

Norton,
phonic solar water heat

thermosy
39(3).: 257-265.

H.P., Hrishikesan, D.S. and Ranjana, J. (1989). Performan
ce studies of

prakash, J., Garg,

egrated solar collector-cum-storage water heating syste
sparent

an int
insulation cover- Solar and Wind Technology 6(2) : 171-176
pryde, PR ( 1983). Non-Conventional Energy Resaurces. John Wiley & sons i
york. pp: 154-180: - | sinc., New



v

Rai’ G.D. (1 (l -
b . pp : 25 65.

Siddiqui, K.M. a i
, KM. and Kimambo, C.Z.M D
water heater for Africa ,Rer; ‘ .b(1993). evelopment of a compact integral
) ewable Energy 4( ct integr ar
4).pp: 211-2 ol
. -218.

Singh, Harpal (198
> 5) De i 1141
CIAE Bhopal pr sign of a built-in-storage solar water h
cse ©
P nted at the annual workshop held wier. dmmal Report
at TNAU, Coi ‘
, Coimbatore,.

pp: 3-8.
Sokolov, M. and Vaxm
M. an, B. (1 i
(1983). Analysis of an integral comp
act solar wate
r heater.

Solar Energy 30(3) : 237-246

Sukhatme, S.P. 1985
SE (1985). Solar Energy. Tata McGraw-Hi
Delhi, 1* Ed. pp : 10-59 ill Publishing Co. Ltd

. . B NeW

*Tellier (1885). E im wi w
T ?9 xperimented ith solar water heaters, referred E T
Wfinite Source by G ’ fred In & —
y Gosh, G.K. (1997). Ashish Publishing H e Lnerg The
. ‘ ouse, 8/81, Punj
» Punjabi

Bagh, New Delhi. pp : 8

Twidell, J. and Wei
and Weir, T. (1986). Renewable Energy Resources. E
s. E&P.N. S
-N. pon, Newyork

pp - 66-114.

nn, R. and Bansal, N.K i
. (1985). Side-by-side comparison of a .
pressurized a
nd

Uhlema
ressurized i
p ized solar water heating thermosyphon system. S
m. Solar E
Qolar Lnergy 34(6) :

non-

447-454.
yvaxman, B. and Sokolov M .
, M. (1985). Experiment with an i
heater. Solar Energy 34(6) : 447-454 ntegral compact so]
. ar water

967). Design Factors i i
influencing solar collectors- L
- Low tem
perature

Whiller, A. (1
application of solar energy. ASHRAE, New York
5 ork.

* Originals not seen



Appendices




Appendix I
a) Thermal conductivity of common materials for solar water heater

* Coefficient of thermal conductivity (cth ¢cm’C)

Material
Aluminium Sheet 117.00
Glass 0.44
Air 0.014
Water 5.314
GI 79.40
MS 46.10
b) Properties of fibre glass
1. Density - 1.8 g/ec
2. Thermal conductivity - 0.0196 cal/h /cm°C
3. Tensile strength - 700 N/mm?
4. Compressive strength - 1200 N/mm?
5. Bending strength - 1400 N/mm?
- 33,000 N/mm’

6. Modulus of elasticity
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Appendix II

Instrumentation

A) Specification of solar intensity meter

Name - $Surya mapi

Model No. SM 201

Range 0-120 mW/cm® ' AMI radiation
Supplied Central Electronics Ltd.

B) Specification of thermometer

Make Pensky Mar tehs, England

Range 0-110°C

vi
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Appendix 11 Solar intensity, outlet and ambient femperatures of the solar water heaters during 1 hour intervals on
24-04-'98 under the first test condition ‘

\ Temperatures (OC)
| . Solar intensity Ambient
g‘ Time SWH, o SWH; SWHs SWH;, SWHpy (W/m?) temperature
} To To To To To ~ (’C)
™ &am 34.00 34.0 34,0 34.00 34.0 200 33.0
9am 38.00 38.0 38.0 37.00 36.5 370 33.0
10am 42.75 43.0 41.5 40.50 40.0 420 33.0
11am 47.50 47.0 435 43.50 425 780 33.5
12noon 50.00 51.0 47.0 47.25 46.5 1900 - 335
1pm 55.25 56.0 52.0 51.00 50.5 870 34.0
2pm 57.75 58.5 55.0 53.00 525 820 340
T 3pm 58.50 60.0 555 54.50 545 640 345
4pm 55.00 58.0 52.5 52.50 54.0 430 345
S5pm 51.50 54.0 50.5 50.50 52.0 180 34.0
L.

* Inlct temperature, Ti = 34°C




Appendix 1V. Solar intensity, inlet, outlet and ambient temperatures of the solar water heaters during 1 hour mtervah on

28-04-'98 under the second test condition

L Temperatures ('C) Solar Ambient
Time L SWH, \ SWH;j \ SWH;s , SWH; SWHy intensity leml()oeg;ture
| T | To | T | To | ™ To Ti To Ti To | (Wm?)
8am 33 33.0 33 \ 33.0 33 33.0. 33 33.0 33 33.0 40 33.0
9am 33 38.5 33 38.0 33 375 33 37.0 ° 33 | 370 480 . 33.0
10am 34 47.5 34 47.0 34 435 34 435 34 | 430 700 3355
llam .| 34 49.0 34 48.0 34 46.5 34 46.5 34 | 465 880 34.0
12noon 35 49.5 35 48.5 35 46.5 35 46.5 35 46.5 960 34.5
Ipm 35 49.5 35 48.5 35 46.0 35 46.0 35 46.0 850 34.5
2pm 35 48.5 35 475" 35 45.5 35 455 35 460 | 740 35.0
3pm 35 47.0 35 46.5 35 45.0 35 45.0 35 45.0 550 35.0
4pm 35 44.0 35 43.5 35 42.0 35 42.0 35 42.5 390 35.0

Spm 34 40.0 34 39.0 34 385 34 385 34 39.0 150 34.5
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Appendix V
Operating cost of the solar water heater

1. Assumptions

Life of the solar water heater, L = 20 years

Maintenance t = 5% of the capital cost

Interest, i | - 7% of the capital cost
= 1800 kWh/m®

Solar radiation received during the year

2. Calculations

ost of materials used for the fabrication of the solar water heaters (5 nos.)

C
// . - .
3. No. Materials Quantity Cost
/ .
1 Fibre glass trough 5 nos.
/ . e
2 Aluminium collector 5 nos.
——-""j"’ Glass cover 5 nos. Rs. 4875/-
// -
4 Labour charge _ Snos.
;?”,Aﬂard paint 1/2 litres Rs. 150"
Total = Rs. 5025/-
Cost of on¢ solar water heater, C - = 5025/5 ~ Rs. 1000/-
= 20 years

Life, L

d/year/03m’ ,H = 1800%0.3 540 kWh

Solar radiation receive
a) Depreciation per kWh  09xO)/LxH)

= (0.9x1000)/(20x 540) = Rs.0.083/-

= (055xCxi1)/H

p) Interest per kWh

= 0.55x1000x7)/ (540x100) = Rs.0.0713/-

C) Maintenance = (1000 X 5) / (540 X 100) = Rs. 0.0926/-

kWh = Rs.02472- = Rs.25 paise

Total operating cost per
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ABSTRACT

The present study was undertaken to design and develop a collector-cum-storage

type solar water heater of 30 litre capacity to supply hot water for domestic use.

Five solar water heaters with different absorber plate positions were constructed

The storage tanks with dimensions of 67 x47 x 10 cm were made by using fibre glass

and the top of these storage tanks were covered using single plain glass plates of 71 x 51

m size. The position of the absorber plate was varied by changing the width of the

[

e of 40° with the side aluminium sheet), which connects bottom

x04c

spacers (4 nos. at an angl

~ aluminium plate and top absorber plate. The absorber plate was of 65 x 45 cm size. The

top face of the absorber plate was painted black to absorb maximum solar radiation. The

absorber plate positions were lcm, 3cm, Scm, 7cm and 9cm from the top glass cover

plate and were designated as SWH 1.0, SWH3 g, SWH; o, SWHy 0 and SWHy respectively

The absorber plate position was optimized by testing the solar water heaters

under two different test conditions. Solar water heater II (SWH3_o) outperforms other

solar water heaters under the tWo test conditions: Maximum outlet temperature of 64°C

& 3pm and maximum efficiency of 55.72% also at 3pm were observed in solar wate
at r

eater IL. So it is optimized that the position of the absorber plate should be at 3cm from

the top glass plate. The solar_ whfer heater can easily be handled by a sinéle person since
e weight is onlY 9.5kg. The operating cost per unit of thermal energy obtained with th
e

solar watet heater was found to be 25 paise per kWh.




