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ABSTRACT  

 Today Engineering world cannot depend on conventional energy resource for heating 

and cooling operations. Hence, we are in need of a natural source for heating, more over it 

should be plenty and every lasting energy resources seems decreasing. The solar water heaters 

have an important place among solar collectors. In the make of energy crises, general research 

and studies have been directed renewable energy sources, like solar, wind energy, biogas, 

geothermal and tidal power, among these alternate sources of the solar energy has played a 

major role in the development of human civilization. The present world is filled with newly 

developed devices for the betterment and luxurious living of human beings natural resources 

are the mostly required aspects. This research work calls upon one such natural energy the 

solar energy to be effectively used for heating water. The thermal performance of an integral 

compact solar water heater is analyzed with experimental data. In the proposed system, the 

collector and the water tank are built into one unit with water flow caused by thermosyphonic 

force. In order to popularize the use of the solar-water heaters, especially in the residential and 

tertiary sectors with the third world, it appears to be necessary to reduce their cost while 

improving their performances. A compact integral solar water heater with an absorber plate 

area of approximately 1 m
2
 and a tank capacity of 115litres was designed and constructed. At 

the same time, solar insolation was recorded using a pyronometer. Tests were also conducted 

after every 30minutes during daytime. 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.  

 Key words: Heating of Water, Solar Energy, Storage Collector, Absorber plate, Flat plate 

collector, efficiency of collector, solar water heating. 
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INTRODUCTION  

 

In today's climate of growing energy needs and increasing environmental concern, 

alternatives to the use of non-renewable and polluting fossil fuels have to be investigated. One 

such alternative is solar energy. Solar energy is quite simply the energy produced directly by 

the sun and collected elsewhere, normally the Earth. The sun creates its energy through a 

thermonuclear process that converts about 650,000,000
1
 tons of hydrogen to helium every 
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second. The process creates heat and electromagnetic radiation. The heat remains in the sun 

and is instrumental in maintaining the thermonuclear reaction. The electromagnetic radiation 

(including visible light, infrared light, and ultra-violet radiation) streams out into space in all 

directions. Only a very small fraction of the total radiation produced reaches the Earth. The 

radiation that does reach the Earth is the indirect source of nearly every type of energy used 

today. The exceptions are geothermal energy, and nuclear fission and fusion. Even fossil fuels 

owe their origins to the sun; they were once living plants and animals whose life was 

dependent upon the sun. Much of the world's required energy can be supplied directly by solar 

power. More still can be provided indirectly. The practicality of doing so will be examined, as 

well as the benefits and drawbacks. In addition, the uses solar energy is currently applied to 

will be noted. Due to the nature of solar energy, two components are required to have a 

functional solar energy generator. These two components are a collector and a storage unit. 

The collector simply collects the radiation that falls on it and converts a fraction of it to other 

forms of energy (either electricity and heat or heat alone). The storage unit is required because 

of the non-constant nature of solar energy; at certain times, only a very small amount of 

radiation will be received. At night or during heavy cloud cover, for example, the amount of 

energy produced by the collector will be quite small. The storage unit can hold the excess 

energy produced during the periods of maximum productivity, and release it when the 

productivity drops. In practice, a backup power supply is usually added, too, for the situations 

when the amount of energy required is greater than both what is being produced and what is 

stored in the container. 

 

Methods of collecting and storing solar energy vary depending on the uses planned for 

the solar generator. In general, there are three types of collectors and many forms of storage 

units. The three types of collectors are flat-plate collectors, focusing collectors, and passive 

collectors. Flat-plate collectors are the more commonly used type of collector today. They are 

arrays of solar panels arranged in a simple plane. They can be of nearly any size, and have an 

output that is directly related to a few variables including size, facing, and cleanliness. These 

variables all affect the amount of radiation that falls on the collector. Often these collector 

panels have automated machinery that keeps them facing the sun. The additional energy they 

take in due to the correction of facing more than compensates for the energy needed to drive 

the extra machinery. Focusing collectors are essentially flat-plane collectors with optical 

devices arranged to maximize the radiation falling on the focus of the collector. These are 

currently used only in a few scattered areas. Solar furnaces are examples of this type of 

collector. Although they can produce far greater amounts of energy at a single point than the 

flat-plane collectors can, they lose some of the radiation that the flat-plane panels do not. 

Radiation reflected off the ground will be used by flat-plane panels but usually will be ignored 

by focusing collectors (in snow covered regions, this reflected radiation can be significant). 

One other problem with focusing collectors in general is due to temperature. The fragile 

silicon components that absorb the incoming radiation lose efficiency at high temperatures, 

and if they get too hot, they can even be permanently damaged. The focusing collectors by 

their very nature can create much higher temperatures and need more safeguards to protect 

their silicon components. 

 

Passive collectors are completely different from the other two types of collectors. The 

passive collectors absorb radiation and convert it to heat naturally, without being designed 
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and built to do so. All objects have this property to some extent, but only some objects (like 

walls) will be able to produce enough heat to make it worthwhile. Often their natural ability to 

convert radiation to heat is enhanced in some way or another (by being painted black, for 

example) and a system for transferring the heat to a different location is generally added. 

People use energy for many things, but a few general tasks consume most of the energy. 

These tasks include transportation, heating, cooling, and the generation of electricity. Solar 

energy can be applied to all four of these tasks with different levels of success. Heating is the 

business for which solar energy is best suited. Solar heating requires almost no energy 

transformation, so it has a very high efficiency. Heat energy can be stored in a liquid, such as 

water, or in a packed bed. A packed bed is a container filled with small objects that can hold 

heat (such as stones) with air space between them. Heat energy is also often stored in phase-

changer or heat-of-fusion units. These devices will utilize a chemical that changes phase from 

solid to liquid at a temperature that can be produced by the solar collector. The energy of the 

collector is used to change the chemical to its liquid phase, and is as a result stored in the 

chemical itself. It can be tapped later by allowing the chemical to revert to its solid form. 

Solar energy is frequently used in residential homes to heat water. This is an easy application, 

as the desired result (hot water) is the storage facility. A hot water tank is filled with hot water 

during the day, and drained as needed. This application is a very simple adjustment from the 

normal fossil fuel water heaters.  

 

Swimming pools are often heated by solar power. Sometimes the pool itself functions 

as the storage unit, and sometimes a packed bed is added to store the heat. Whether or not a 

packed bed is used, some method of keeping the pool's heat for longer than normal periods 

(like a cover) is generally employed to help keep the water at a warm temperature when it is 

not in use. Solar energy can be used for other things besides heating. It may seem strange, but 

one of the most common uses of solar energy today is cooling. Solar cooling is far more 

expensive than solar heating, so it is almost never seen in private homes. Solar energy is used 

to cool things by phase changing a liquid to gas through heat, and then forcing the gas into a 

lower pressure chamber. The temperature of a gas is related to the pressure containing it, and 

all other things being held equal, the same gas under a lower pressure will have a lower 

temperature. This cool gas will be used to absorb heat from the area of interest and then be 

forced into a region of higher pressure where the excess heat will be lost to the outside world. 

The net effect is that of a pump moving heat from one area into another, and the first is 

accordingly cooled. 

 

Besides being used for heating and cooling, solar energy can be directly converted to 

electricity. Most of our tools are designed to be driven by electricity, so if you can create 

electricity through solar power, you can run almost anything with solar power. The solar 

collectors that convert radiation into electricity can be either flat-plane collectors or focusing 

collectors, and the silicon components of these collectors are photovoltaic cells. Of the main 

types of energy usage, the least suited to solar power is transportation. While large, relatively 

slow vehicles like ships could power themselves with large onboard solar panels, small 

constantly turning vehicles like cars could not. The only possible way a car could be solar 

powered would be through the use of battery that was charged by solar power at some sta-

tionary point and then later loaded into the car. Electric cars that are partially powered by 
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solar energy are available now, but it is unlikely that solar power will provide the world's 

transportation costs in the near future. 

Solar power has two big advantages over fossil fuels. The first is in the fact that it is 

renewable; it is never going to run out. The second is its effect on the environment. While the 

burning of fossil fuels introduces many harmful pollutants into the atmosphere and con-

tributes to environmental problems like global warming and acid rain, solar energy is 

completely non-polluting. While many acres of land must be destroyed to feed a fossil fuel 

energy plant its required fuel, the only land that must be destroyed for a solar energy plant is 

the land that it stands on. Indeed, if a solar energy system was incorporated into every 

business and dwelling, no land would have to be destroyed in the name of energy. This ability 

to decentralize solar energy is something that fossil fuel burning cannot match. As the primary 

element of construction of solar panels, silicon, is the second most common element on the 

planet, there is very little environmental disturbance caused by the creation of solar panels. In 

fact, solar energy only causes environmental disruption if it is centralized and produced on a 

gigantic scale. Solar power certainly can be produced on a gigantic scale, too. Among the 

renewable resources, only in solar power do we find the potential for an energy source 

capable of supplying more energy than is used.
5
  

 

Suppose that of the 4.5x10
17

^kWh per annum that is used by the earth to evaporate 

water from the oceans we were to acquire just 0.1% or 4.5x10
14t

kWh per annum. Dividing by 

the hours in the year gives a continuous yield of 2.90x10
10

^kW. This would supply 2.4|kW to 

12.1 billion people.
6 

 

This translates to roughly the amount of energy used today by the average American 

available to over twelve billion people. Since this is greater than the estimated carrying 

capacity of the Earth, this would be enough energy to supply the entire planet regardless of 

the population. Unfortunately, at this scale, the production of solar energy would have some 

unpredictable negative environmental effects. If all the solar collectors were placed in one or 

just a few areas, they would probably have large effects on the local environment, and 

possibly have large effects on the world environment. Everything from changes in local rain 

conditions to another Ice Age has been predicted because of producing solar energy on this 

scale. The problem lies in the change of temperature and humidity near a solar panel; if the 

energy producing panels are kept non-centralized, they should not create the same local, mass 

temperature change that could have such bad effects on the environment. 

 

 PREVIOUS WORK 

 

Solar domestic hot water systems are probably, to date, the most frequently used 

devices, which utilize solar energy. All the classical solar water heater systems contain two 

main components; the collector and the storage tank (Duffie and Beckman, 1991).A compact 

solar water heater, incorporating the storage tank and collector in a single unit is an attractive 

alternative to the conventional solar water heating system.  

 

The elimination of the storage tank reduces the cost of the solar water heating system 

and should improve performance Garge (Rani, 1982).The built-in-storage water heater 

possesses several advantages over other types. First, it has higher efficiency during the 
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daytime owing to the fact that primarily there are no heat losses during the circulation of 

water. Second, the superior contact of water with the absorber plate results in better heat 

transfer in comparison with poor bond conductance, as is the case in the thermosyphon and 

forced circulation type flat plate solar water heaters. In addition, it is of low cost and easily 

manufactured from common materials without the need for high technology. This storage 

collector can be used as a water tank to replace the ordinary cubical or cylindrical tank 

commonly used in Iraqi houses. A large numbers of investigators to study a large numbers of 

design and operation parameters have carried out experimental and theoretical investigations 

on such systems. 

 

 (Sokolov and Vaxman, 1983), (Vaxman and Sokolov, 1985) analyzed analytically 

and experimentally the design of an integral compact solar water heater. In the proposed 

system, the collector and the water tank are built into one unit with water flow caused by 

thermsyphonic force. Two geometries of the system were investigated. The results showed 

that the efficiency of such system were larger than conventional systems. In addition, the 

experimental results were in agreement with theoretical predictions.  

 

Marzouq studied the combined collection-storage solar heating by a gravel bed. The 

performance tests were carried out at Basrah (Latitude 30.3 
o
N) in Iraq. The experiments were 

conducted in winter and summer conditions, and the results were comparable to the 

theoretical calculations. The theoretical predictions were based on a simple finite difference 

model. The year-round performance tests showed that the mean temperature of water reached 

50 to 73 
o
C in winter and 60 to 72 

o
C in summer at 3:00 p.m.  

 

Alawi (2004) studied numerically and experimentally the performance of a prism 

shaped storage solar collector with right-triangular cross sectional area in Baghdad. The 

experimental study showed that the mean temperature of the tank reached 34 
o
C at February 

when the initial temperature was 16 
o
C. The theoretical result of this study were said to be in 

agreement with the experimental results. From reconsideration this literature review, we find 

the effect of the surface shape was not studied, therefore, the purpose of this paper, is to study 

the performance of built-in-storage heaters for different three types of shape surface, and 

various modes of operation. 

 

Ratna et al. (1991) has presented theoretical parametric analysis of a corrugated solar 

air heater with and without cover, where they obtained the optimum flow channel depth, for 

maximum heat at lowest collector cost.  

 

Ratna et al. (1992) has found that there exists an optimum mass flow rate corre-

sponding to an optimum flow channel depth. This result has been concluded after conducting 

a study on 10 different designs of solar air heaters. 

 

 Choudhury et al. (1995) has calculated the ratio of the annual cost and the annual 

energy gain for two-pass solar air heaters with single and double covers above the absorber. 

They concluded that for shorter duct lengths and lower air mass flow rates, the performance 

of the two pass air heaters with a single cover is most cost-effective as compared to the other 

designs. 
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Karim and Hawlader (2004) have performed an experimental study on three types of 

solar air collectors, i.e. flat plate, finned, and corrugated absorbers. They reported that the V-

corrugated is the most efficient collector and the flat plate collector is the least efficient. In 

spite of this concern on improving the performance of solar air heaters, little has been pub-

lished on the effect of the airflow passage dimension on the efficiency and pressure drop and 

hence the cost-effectiveness of the system.           

 

Bashria et al., (2004a) and Bashria et al., (2004b) presented a developed internet 

based mathematical simulation to predict the thermal performance for different designs of 

solar air heaters. The study presented in this article uses the aforementioned developed 

program to find the influence of different parameters, such as mass flow rate, flow channel 

depth and collector length on the system thermal performance and pressure drop across the 

collector, for flat plate collector in single and double passes with and without using a porous 

media. 

 

Oliva et al. [1991] introduced a numerical method to determine the thermal behavior 

of a solar collector. The distributed-character model considers the multidimensional and 

transient heat transfer properties that characterize the solar collector, while the flux of heat 

transfer by free convection at the air gap zone has been evaluated using empirical expressions 

and the solar irradiance was integrated to be constant hourly. The analysis has been done 

specifically for an air collector with rectangular ducts. Although the presented model was 

done in a physically almost exact way, it is hard to be implemented in practice. 

 

Muschawec and Spirkl [1993] presented a dynamic solar collector model in 

conjunction with a dynamic parameter identification and performance prediction method. The 

parameter identification method developed by Spirkl [1990] was used in conjunction with a 

collector model instead of the solar domestic hot water (SDHW). The model used extends the 

Hottel -Whillier-Bliss equation presented in Dufie and Beckmann [1991] to a dynamic one-

node model then a multi-node model developed by connecting several nodes in series. 

Although the model showed accurate performance prediction for double glazed collector for a 

short-term test, it is not suitable for variable flow rates. 

 

Hilmer et al. [1999] presented a method to calculate the short-term dynamic behavior 

of unglazed solar collectors, working with varying fluid flow rate. With the assumption of 

steady-state heat transfer between the fluid and the absorber, the method showed good 

accuracy in the case of unglazed solar collectors presented by a simple two temperatures 

nodes model. 

 

Volker et al. [2002] published an experimental study conducted in a water flat-plate 

solar collector with laminar flow conditions to analyze the flow distribution through the 

collector. The flow distribution in relation to the overall discharge through the actual collector 

was experimentally determined. The loss coefficient for the pipe junctions in relation to the 

local Reynolds-number was investigated. The author noticed, the more uniform the flow 

distribution, the higher the collector efficiency. However, uniform flow distributions are not 

always present in solar collectors. 
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Kalogirou [2005] developed six ANN models for the prediction of standard 

performance collector equations coefficients, wind and no-wind conditions, the incident angle 

modifier coefficients at longitudinal and transverse directions, the collector time constant, the 

collector stagnation temperature and the collector capacity were considered. The study based 

on a steady-state operation conditions. 
 

 SOLAR WATER HEATER                                                                                                       . 

 

Solar water heaters can be a cost-effective way to provide hot water in your homes. 

Instead of relying on gas that is more expensive and could cause death if inhaled, you can 

save money with free power that only the sun can provide.  

 

Solar water heaters come complete with storage tanks and solar collectors. In order to 

use a solar water heater you must have a well-insulated storage tank. These storage tanks have 

an outlet and inlet connected to and from the collector. If you happen to have a two-tank 

storage system, the solar water heater will preheat the water before it goes into the regular 

water heater. As for the collector, three types are used including: 

 

 Flat-plate collector: There are two types of flat-plate collectors. One is a glazed 

flat-plate collector that is insulated and waterproof. It also contains a dark absorber plate 

under a glass cover. The other type is an unglazed flat-pate collector. This has a dark absorber 

that is made of metal or polymer, but without a cover. 

 

 Integral collector-storage system (ICS): This system contains one or more black 

tanks or tubes in an insulated and glazed box. It works by cold water going through the solar 

collector first, where it is preheated. Then to a storage tank where it is used. 

 

 Evacuated-tube solar collector: This collector features parallel rows of 

transparent glass tubes, with a glass outer tube, and a metal absorber tube that is attached to a 

fin. There are two types of solar water heater systems available: active and passive. As for the 

active system, two are available: 

 

 Direct circulation systems: The pumps circulate household water through the 

collectors and into the home. 

 

 

 Indirect circulation systems: The pumps circulate non-freezing, heat-transfer 

fluid through collectors and a heat exchanger. This allows the water to get heated then it flows 

into the home. 

 

 Integral collector-storage passive system: This system works best in areas 

where the temperature rarely hits the freezing point 
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 Thermosyphon system: This system works by water flowing through when warm 

water rises as cooler water sinks. A collector must be installed below the storage tank, so the 

warm water will rise into the tank. 

 

Solar flat plate collector 

Flat Plate Collectors Of the many solar collector concepts presently being developed, 

the relatively simple flat plate solar collector has found the widest application so far. Its 

characteristics are known, and compared with other collector types, it is the easiest and least 

expensive to fabricate, install, and maintain. Moreover, it is capable of using both the diffuse 

and the direct beam solar radiation. For residential and commercial use, flat plate collectors 

can produce heat at sufficiently high temperatures to heat swimming pools, domestic hot 

water, and buildings; they also can operate a cooling unit, particularly if the incident sunlight 

is increased by the use of a reflector. Flat plate collectors easily attain temperatures of 40 to 

70°C. With very careful engineering using special surfaces, reflectors to increase the incident 

radiation, and heat-resistant materials, higher operating temperatures are feasible. The main 

components of a flat plate solar collector: fluid from the inlet header or duct to the outlet. 

Glazing, this may be one or more sheets of glass or a diathermanous (radiation transmitting) 

plastic film or sheet. Thermal insulation, which minimizes downward heat loss from the plate. 

Cover strip, to hold the other components in position and make it all Watertight. Container or 

Casing, which surrounds the foregoing components and keeps them free from dust, moisture, 

etc. Flat plate solar collectors are classified into Water-type (hydronic) collectors, using water 

as the heat-transfer fluid.  

 

Solar collectors transform solar radiation into heat and transfer that heat to a medium 

(water, solar fluid, or air). Then solar heat can be used for heating water, to back up heating 

systems or for heating swimming pools. 

 

The heart of a solar collector is the absorber, which is usually composed of several 

narrow metal strips. The carrier fluid for heat transfer flows through a heat-carrying pipe, 

which is connected to the absorber strip. In plate-type absorbers, two sheets are sandwiched 

together allowing the medium to flow between the two sheets. Absorbers are typically made 

of copper or aluminum. 

 

In order to reduce energy loss through heat emission, the most efficient absorbers have 

a selective surface coating. This coating enables the conversion of a high proportion of the 

solar radiation into heat, simultaneously reducing the emission of heat. The usual coatings 

provide a degree of absorption of over 90%. Solar paints, which can be mechanically applied 

to the absorbers (with either brushes or sprays), are less or not at all selective, as they have a 

high level of emission. Galvanic ally applied selective coatings include black chrome, black 

nickel, and aluminum oxide with nickel. Relatively new is a titanium-nitride-oxide layer, 

which is applied via steam in a vacuum process. This type of coating stands out not only 

because of its quite low emission rates, but also because its production is emission-free and 

energy-efficient. The sketch of a solar flat plate collector is shown in figure 1. 
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Fig1:  Sketch of a flat-plate collector 

A flat-plate collector consists of an absorber, a transparent cover, a frame, and 

insulation. Usually an iron-poor solar safety glass is used as a transparent cover, as it 

transmits a great amount of the short-wave light spectrum. Simultaneously, only very little of 

the heat emitted by the absorber escapes the cover (greenhouse effect).In addition, the 

transparent cover prevents wind and breezes from carrying the collected heat away 

(convection). Together with the frame, the cover protects the absorber from adverse weather 

conditions. Typical frame materials include aluminum and galvanized steel; sometimes 

fiberglass-reinforced plastic is used. The insulation on the back of the absorber and on the 

sidewalls lessens the heat loss through conduction. Insulation is usually of polyurethane foam 

or mineral wool, though sometimes mineral fiber-insulating materials like glass wool, rock 

wool, glass fiber, or fiberglass are used. Flat collectors demonstrate a good price-performance 

ratio, as well as a broad range of mounting possibilities (on the roof, in the roof itself, or 

unattached).In order to reduce heat loss within the frame by convection, the air can be 

pumped out of the collector tubes. Such collectors then can be called evacuated-tube 

collectors. They must be re-evacuated once every one to three years. 

 

 Absorber plates 

 

The primary function of the absorber plate is to absorb as much as possible of the 

radiation reaching through the glazing, to lose as little heat as possible upward to the 

atmosphere and downward through the back of the container, and to transfer the retained heat 

to the circulating fluid. In general, absorption of solar energy impinging on an absorber plate 

should be as high as possible, but re-emission (loss) outward from the collector should be 

minimized. In hydronic collectors, the absorber is usually made of copper, aluminum or steel. 

Factors that determine the choice of absorber material are its thermal conductivity, its 

durability and ease of handling, its availability, and cost, and the energy required to produce 

it. Absorber plates are usually given a surface coating (which may be a black paint) that 

increases the fraction of available solar radiation absorbed by the plate (its absorptance a). 

Black paints, for which a = 0.92 to 0.98, are usually applied by spraying and are then heat-

treated to evaporate solvents and improve adherence. These surfaces must be able to 

withstand repeated and prolonged exposure to high temperatures without appreciable 

deterioration or out gassing. It is well known that a black body is a perfect absorber of radiant 

energy and is a perfect radiator; that is, it has an absorptance a and an emittance e, each equal 

to unity (emittance is the ratio of the amount of radiation emitted by the surface to the amount 

of "blackbody" or perfect radiator would emit at the same temperature). Actual surfaces do 

not behave like perfect absorbers or perfect radiators and have absorptance and emittance less 
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than unity. Parenthetically, it may be pointed out that a black body is not necessarily non-

luminous but may be as bright as the sun (which is not quite a black body).  

 

Selective absorber 

A surface that has a high absorptance and is a good absorber of solar radiation usually 

has a high infrared emittance as well and is a good radiator of heat. A flat-black paint that 

absorbs 96% of the incoming solar energy will also reradiate much of the energy as heat, the 

exact amount depending on the temperature of the absorber plate and the glazing. Ideally, one 

would like a surface to be selective, absorbing all the solar wavelengths and emitting none of 

the heat wavelengths, so that more heat could be transferred to the working fluid; for such a 

surface, a = 1 and e = 0.  

 

Thermal insulation 

Flat-plate collectors must be insulated to reduce conduction and convection losses 

through the back and sides of the collector box. The insulation material should be 

dimensionally and chemically stable at high temperatures, and resistant to weathering and 

dampness from condensation. Usually, glass-wool insulation 10 cm thick is recommended. It 

would be between if the insulation also could contribute to the structural rigidity of the 

collector, but more rigid insulating materials are often less stable than glass wool. 

Temperatures in flat-plate solar collectors can be high enough to melt some foam insulations, 

such as Styrofoam. In addition, some foam give off corrosive frames at high temperatures, 

which could damage the absorber plate. In market various solar water heating system 

manufacturers available as TATA BP solar system, Solarmaxx, Sudarshan Solar, Jain Solar, 

Jay Solar,AvinSolar, Racold Solar, Digiflic, AtashSolar.Kamal solar.Atash Solar. Air India 

solar. Sunbeam solar. Each manufacturing of solar water heating system is different with their 

specification as collector area, absorber area, coating, plate material, thickness, tube diameter, 

and efficiency. There is huge scope to improve the efficiency of solar water heating system by 

reducing its area, number of tubes, and cost of collector for same outlet temperature. 

 

DESIGN AND FARICATION OF INTEGRAL COMPACT SOLAR WATER HEATER 
 

Integral compact solar water heater, the outer frame is made up of mild steel sheet. 

The collector, the absorber plate is made up of G.I.sheet (Galvanized iron).Figure2 illustrates 

schematic of the instrumental integral compact solar water heater. 

 

 Capacity 

The total volume of water in the system is 115 litres 

 

 Casing 

The casing of the  system is made up of 2.5 mm thick steel sheet(mild steel).The 

collector size is 1 m
2
  and it is painted by black board paint. 

 

 Glazing 

The glazing is 3 mm ordinary glass. Two transparent glass cover or glazings are used 

in the system. The sunrays or solar radiation penetrates through the glazing or transparent 

glass cover. 
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 Insulation 

Thermal insulation of this system is made up of glass wool to prevent the thermal 

losses from the rear surface. The bottom and all sides are insulated by means of 5 cm thick 

glass wool avoiding thermal losses. 

 

 Thermocouples 

Copper constantan thermocouples are used in the system. Six copper constantan 

thermocouples were placed at various locations in the system. The locations of the 

thermocouples are shown in figure3.Copper constantan thermocouples are used in the 

measurement of all the temperature, i.e. 

(a)Collector inlet temperature 

(b)Water temperature at various locations (top, middle, and bottom) 

(c) Absorber plate temperature 

(d)Glass cover temperature 

 

 Description 

     It consists of mainly a flat plate collector and an insulated water tank (storage).The 

tank stores about 115litres of water. Almost every house in Israel has these types of water 

heater. In the thermosyphon, solar water heater natural circulation takes place through 

changes of density of the water caused by heat absorbed from solar radiation. Thermosyphon 

solar water heaters are generally not used in climates that experience winter temperature well 

below freezing. This type of solar water heater has becomes very popular in the mid 

east,Africa,Asia,Australia and other areas of the world where temperature do not drop 

substantially below freezing in the winter. 

 

 

                                      
 

                           

 

 

Water 

inlet 

Over 

flow 

pipe 

Water 

outlet 

Thermocouples 

Glass plate temperature 

Absorber plate 

temperature 

Fig 2: Integral compact solar water heater 
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 Working principle    

Sunrays (solar radiation) penetrate through the transparent glass covers. The collector 

absorbs most of the diffused and direct energy. Energy absorbed by the collector is 

transmitted to the water through G.I.Pipes.Due to the temperature, density diference, the hot 

water from the solar heater (absorber) rises up in to the tank, and cold water from the bottom 

of the tank comes to the collectors. The water can be heated up to 60 °C during summer and 

50 °C during winter. The night loss is about 5 °C even if a heavy insulation is provided to the 

tank. 

 

 Procedure 

 Clean the glass covering of the water heater to get side of the duct. 

 Place it under sun radiation facing south place. 

 Connect the thermocouples leads from the absorber plate, glass plate and at various 

sections of the collector (botton, middle, top) to millivoltmeter. 

 Also, set the pyranometer properly and connect it leads to the millivoltmeter. 

 Absorber the reading at regular intervals (say every 30 minutes) and tabulate the 

reading. 

 

RESULTS AND DISCUSSIONS 

 

The tests were carried out during April 2012.We measured the various climatic 

parameters such as the ambient temperature, the wind speed, the temperature in the water-

heater and the solar flux. The study of our system is made under real conditions of operation. 

Integral compact solar water heater has been fabricated, the performance test on this collector 

also conducted, and the following results were found. 

 

 Collector efficiency 

 Water temperature 

 Top loss co-efficient 

 Bottom loss co-efficient 

 Overall loss co-efficient 

 

The collector top loss co-efficient, bottom loss co-efficient and overall loss co-

efficient is also calculated.Fror most collectors the evaluation of edge losses is very 

complicated. However, in a well-designed system the edge loss should be small. In the 

integral compact solar water heater, water temperature are noted and tabulated with various 

locations. For example bottom, middle and top water temperature at bottom sides are low 

compared to middle and middle sides are less when compared to the top. Therefore, water 

temperature is increased gradually from bottom to top. The characteristic of curves as shown 

in fig 3 to5. Fig.3 shows the variation of mean storage temperature during a typical clear 
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summer day. It is observed that the mean storage temperature increased with time, the mean 

storage temperature reaches its maximum value.  

 

               
Fig 3: Variation of temperature and collector efficiency during a typical clear day (08-04-2012) 

The maximum temperature was recorded for the collector with a front area of 1 m
2
. 

The minimum temperature recorded for the flat storage collector with the front area of 1 m
2
. 

The maximum value of mean storage temperature was 60 
o
C for this particular day in the 

collector. This trend is typical of solar water heating systems (Garg and Rani, 1982), (Sokolov 

and Vaxman, 1983), (Vaxman and Sokolov, 1985), (Farhan, 2002), (Alawi, 2004). The 

maximum value depends on the solar radiation intensity, the prevailing weather conditions, 

the starting inlet temperature, and the heat losses, which are different during the days. The 

maximum value was 60 
o
C for this particular autumn day, occurred at 3.30 p.m., and then 

decreased in the late afternoon. This agrees with experimental results of most designs of solar   

storage collectors (Garg and Rani, 1982), (Sokolov and Vaxman, 1983), (Vaxman & Sokolov, 

1985), (Marzoq, 1987).  

 

 Fig.4 shows the variation of mean storage temperature during a typical clear summer 

day. It is observed that the mean storage temperature increased with time, the mean storage 

temperature reaches its maximum value. The maximum value of mean storage temperature 

was 64 
o
C for this particular day in the collector. The maximum value was 60 

o
C for this 

particular autumn day, occurred at 3.00 p.m., and then decreased in the late afternoon. Fig.5 

shows the variation of mean storage temperature during a typical clear summer day. It is 

observed that the mean storage temperature increased with time, the mean storage temperature 

reaches its maximum value. The maximum value of mean storage temperature was 65 
o
C for 

this particular day in the collector. The maximum value was 60 
o
C for this particular autumn 

day, occurred at 4.00 p.m., and then decreased in the late afternoon. 
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Fig 4: Variation of temperature and collector efficiency during a typical clear day (09-04-2012) 

           
Fig 5: Variation of temperature and collector efficiency during a typical clear day (10-04-2012) 

.  

Fig.5 shows the variation of mean storage temperature during a typical clear summer 

day. It is observed that the mean storage temperature increased with time, the mean storage 

temperature reaches its maximum value. The maximum value of mean storage temperature 

was 66 
o
C for this particular day in the collector. The maximum value was 60 

o
C for this 

particular autumn day, occurred at 3.30 p.m., and then decreased in the late afternoon. It is 

observed that the outlet temperatures are increasing throughout the period between 10.00 a.m. 

and 5.00 p.m.  

 

Fig.6 shows the variation of mean storage temperature during a typical clear summer 

day. It is observed that the mean storage temperature increased with time, the mean storage 

temperature reaches its maximum value. The maximum value of mean storage temperature 

was 67 
o
C for this particular day in the collector. From figs 7-10, it is seen that the top loss co-

efficient and bottom loss co-efficient are gradually increased in the morning period and 

decreased during afternoon and further increasing and decreasing ,depends upon the intensity 

of solar radiation. 
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Fig 6: Variation of temperature and collector efficiency during a typical clear day (11-04-2012) 

 

          
 

Fig 7: Variation of heat loss co-efficient during a typical clear day (08-04-2012) 
 

          
Fig 8: Variation of heat loss co-efficient during a typical clear day (09-04-2012) 
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Fig 9: Variation of heat loss co-efficient during a typical clear day (10-04-2012) 
 

            
 

Fig10: Variation of heat loss co-efficient during a typical clear day (11-04-2012) 

 
 

CONCLUSION 

 

Integral compact solar water heater has been fabricated and the performance test on 

this collector conducted. From the performance calculations, the maximum efficiency of 

collector was found to be 47 %, which is 10% higher than that of the ordinary flat plate 

collector for the same capacity. The thermal losses are also minimized because there is no 

pipe connection in the system.  

 

During the testing, prevention of leakage in the bottom portion of the collector is high. 

The authors suggest that leakage can be minimized by providing proper welding.  
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The initial cost of this collector is low when compared with other types of collectors. 

Therefore, the integral compact solar water heater is much suitable for water heating and 

storage in rural areas. 

 

Flat-plate collectors must be insulated to reduce conduction and convection losses 

through the back and sides of the collector box. The insulation material should be 

dimensionally and chemically stable at high temperatures, and resistant to weathering and 

dampness from condensation. Usually, glass-wool insulation 10 cm thick is recommended.  
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