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Abstract 

 

In the recent decades solar water heaters are almost used all over the buildings to get the hot water. Solar water heaters most of 

the time are called “domestic hot water systems”. These systems use the sun to heat either water or a heat transfer fluid, such as 

water-glycol antifreeze mixture in collectors generally mounted on the roof. The heated water is then stored in a tank similar to a 

convectional gas or electric water tank. Some systems use an electric pump to circulate the fluid through the collectors. Some 

water heaters can operate in any climates. Performance varies depending on how much energy is available and how cold the 

water is coming into the system. Solar water heaters are almost replaced the electric water heaters and geasers. 

Keywords: Solar Water Heaters, Tilting Angle, Types of Solar Water Heaters, Modeling of Solar Water Heaters, 

Calculation of Parameters 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

To develop a solar water heaters in a individual home, already the home is inbuilt with the electric water heaters inside the 

building want to analyze which system is good and high efficiency.to install the solar water heaters the most important thing is 

the tilting angle of the solar collector should be correctly fixed. The electric water heaters are cost wise less but consumes more 

power and the electricity bill is also high.so in order to replace this a solar water heater is initiated to the building nearly 30 % 

economically the solar water heater system is more advantages than the electric water heaters. Initial cost is high for solar water 

heaters but life time and the power consumption is less we are in the power shortage so how much we can save the power or 

energy is the recent researches going on so in this paper we have iniated one of the power saving methods with various types of 

solar water heaters discussed in the chapters. Since the solar energy is the raw material for solar water heaters it is naturally 

available and does not pollute the environment. 

II. RESEARCH METHOD AND THEORETICAL CALCULATIONS 

Analyzed what are all types of solar water heaters available and the research done on all the types both in theoretically and 

practically. 

 Pumping Energy: A.

Pumping energy is computed as: 

                 Q pump = Ncoll Ppump   Ac 

Whereas; 

Ppump is the pumping power per collector area and Ncoll the number of hours per year the collector is in operation. A rough 

estimate of Ncoll is obtained through the following method: if the collector was running without losses whenever there is 

sunshine, it would collect   Ac FR ατ HT .  It actually collects Qdld (1+ flos ) where Qdld is the energy delivered to the system 
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and flos is the fraction of solar energy lost to the environment through piping and tank. Ncoll is simply estimated as the ratio of 

these two quantities, times the number of daytime hours for the month, Ndaytime Ncoll  =  ( Qdld (1+ flos ) / Ac FR ατ HT ) 

Ndaytime Comparison with simulation shows that the method above tends to overestimate the number of hours of collector 

operation. A corrective factor of 0.75 is applied to compensate for the overestimation. 

 Specific Yield, System Efficiency and Solar Fraction: B.

The specific yield is simply energy delivered divided by collector area. System efficiency is energy delivered divided by incident 

radiation. Solar fraction is the ratio of energy delivered over energy demand. 

 Suggested Solar Collector Area: C.

The suggested solar collector area depends upon the load, the type of system, and the collector. For service hot water with 

storage, the sizing load for each month is the monthly load including tank and piping losses. For service hot water without 

storage, the sizing load for each month is set to 14% of the monthly load, times (1+ f ) los to account for piping losses. The value 

of 14% is chosen so that the energy delivered does not exceed the recommended 15% of the load. For swimming pools, the 

sizing load is equal to the energy required, times (1+ f ) los to account for piping losses. The suggested solar collector area is 

based on the utilisability method. Optimally, for each month the usable energy should be equal to the sizing load. Using 

equation: 

Q load = Ac FR ατ HT Φ 

Which is then solved for the collector area, Ac .This provides 12 monthly values of suggested solar collector area. Then: For 

service hot water, the model takes the smallest of the monthly values. For a system without storage this ensures that even for the 

sunniest month the renewable energy delivered does not exceed 15% of the load. For a system with storage, 100% of the load 

would be provided for the sunniest month, if the system could use all the energy available.However because systems with 

storage are less efficient (since they work at a higher temperature), the method will usually lead to smaller solar fractions, 

typically around 70% for the sunniest month. 

 Losses Due To Snow and Dirt: D.

Snow and dirt impact on the irradiance level experienced by the collector. Therefore, FR (τα ) is multiplied by (1− f dirt ) where 

fdirt   are the losses due to snow and dirt expressed as a fraction of energy collected (this parameter is entered by the user). 

 
Fig. 1: Sample solar water heating system 

III. RESULTS AND ANALYSIS 

A home is located at coimbatore, India .The 2 storey 185 m2  home has 3 occupants. The roof has a pitch of 12 in 12 and faces 

due south. A high efficient (80 %) natural gas fired water heater already exists in the home. The solar storage tank will be located 

in a room on ground floor; the horizontal distance from collector to storage tank is 3 m. A 150 litre tank is used. All piping shall 

be copper with foam insulation. A small heat exchanger and pump will be used. A three new glazed Solcon 2100 T solar 

collectors has a life of 25 years. 

 Area per collector is 2.2 m
2
 

 Fr (tau alpha) coefficient is 0.69 

 Fr UL coefficient is 4.85 W/m²/°C 

  atitude of home location is   .2   N 

 Slope of the collector is       

 Azimuth angle of collector is 0    

 The hot water use at  0   is 1 0  it/day 
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 Cold water temperature ranges from 7.5 to 12.5 degree C 

Table- 1 

Collected data is tabulated below 

Month 

Fraction of 

month 

used 

 

(0 - 1) 

Monthly average 

daily radiation 

on horizontal 

surface 

(kWh/m²/d) 

Monthly  

average 

temperature 

 

(°C) 

Monthly  

average 

relative  

humidity  

(%) 

Monthly  

average 

wind speed 

 

(m/s) 

Jan 1.00 0.78 3.0 84.5 3.3 

Feb 1.00 1.56 4.7 82.0 3.3 

Mar 1.00 2.81 6.3 78.5 3.6 

Apr 1.00 4.14 8.8 75.0 3.6 

May 1.00 5.61 12.1 73.5 3.1 

Jun 1.00 5.86 15.2 73.5 3.1 

Jul 1.00 6.17 17.2 73.5 3.1 

Aug 1.00 5.33 17.4 75.5 3.1 

Sep 1.00 3.64 14.3 80.0 2.8 

Oct 1.00 2.00 10.0 84.0 3.1 

Nov 1.00 0.94 6.0 83.5 3.3 

Dec 1.00 0.67 3.5 85.0 3.3 

Detailed study on the various types of solar water heaters that are available in the market as well various advantages and 

disadvantages and their working principles are mentioned in the below chapters. 

IV. DRAW BACKS OF ELECTRIC WATER HEATERS COMPARED TO SOLAR WATER HEATERS: 

The instant water heaters have to provide water at the desired temperature, the rate at which it draws electricity at any moment is 

very high. So a storage water heater may be rated at 2 kW, an instant water heater is rated at 3 to 4.5 kW. So if 15 liters of water 

is heated in both, although the units consumed may be the same, but because instant water heater heats it immediately, it draws 

more power from the system i.e. it puts more load on the system. 

Imagine a city where most people use water heaters between 7 AM and 10 AM in the morning and most water heaters are 

switched on during this time. If most of them are of 4.5 kW then the infrastructure required to handle the same will be huge and 

if the infrastructure is not there then grid failures (similar to the one happened in North India in 2012) can happen again. There 

will be sudden need of a lot of power. Instead if most systems are 2 kW systems, it may take time to heat water, but the system 

will not be strained. 

Personally for an individual, the connected load of the house will increase by 2.5 kW (4.5 – 2) and may cost additional money 

in terms of fixed cost. So the savings in energy cost may get transferred to fixed costs. 

V. TYPES OF SOLAR WATER HEATERS 

 Direct Systems (Open Loop): A.

 
Fig. 1: Direct Systems (Open Loop) 
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The basic components of an open loop system are listed below: 

 Direct storage tank 

 Circulating pump 

 Differential control unit 

 Temperature sensor 

 Isolation valve 

 Drain valve 

In direct systems the heat from the sun is transferred directly to the water in the collector.There is no anti-freeze solution used 

in this type of system. These systems, also known as“Open loop” systems, are the most common systems in use in tropical and 

sub-tropical Climates where temperatures do not often go below 0 C. A typical open loop system is shown in figure. A solar 

collector, typically mounted on the roof of the structure where the water is to be used, heats the water. The hot water is stored in 

a storage tank. The storage tank is typically installed in the basement, garage and is well insulated. Sensors are used to monitor 

the temperatures of the water in the system. A differential control unit attached to the sensors is used to control a circulating 

pump. If the temperature at the collector is 5-

ed off. In this way the water in the 

system is always being heated when the sun is shining. When required, a thermally operated valve, installed at the collector, is 

used to circulate the warm water into the collector as temperatures approach freezing. Closing the isolation valves and opening 

the drain valves instead of using a thermally operated valve can manually drain the system. 

 Indirect Systems (Closed Loop): B.

 
Fig. 2: Indirect Systems (Closed Loop) 

The basic components of a closed loop system are listed below: 

 Heat exchanger 

 Circulating pump 

 Differential control unit 

 Temperature sensor 

 Gate valve 

 Drain valve 

 Indirect storage tank 

Indirect systems are designed for use in climates where freezing weather can occur more frequently. These systems, also 

known as closed loop systems, are the 

collector, filled with an anti-freeze solution, is used to collect the thermal energy in sunlight. Typically a propylene glycol or 

ethylene glycol and water mixture is used A pump circulates the solution through the collector and into a storage tank where a 

heat exchanger is fitted. The heat exchanger transfers the heat into the water stored in the tank.The tank is designed to transfer 

the heat into the coldest water in the tank. The heat exchanger is a coil of tubing that wraps around inside the perimeter of the 

storage tank. The storage tank is typically installed in the basement, garage or utility room and is well insulated. Sensors are used 

to monitor the temperatures of the anti-freeze solution in the system. A differential control unit attached to the sensors 

determines when the circulating pump should be activated. If the temperature at the collector is about 5-7degree C greater than 

the temperature at the bottom of the storage tank, the solution in the system is circulated in the closed loop. When the differential 
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of the water temperature is 15degreeC, the pump is turned off. Indirect systems are closed loop systems. There is no contact 

between the anti-freeze solution and the potable water in the system. 

 Drain Back Systems: C.

Drain back systems are indirect closed loop systems. There is no contact between the heat transfer liquid and the potable water in 

the system. Drain back systems are used in cold climates to reliably ensure that the collectors and the piping never freeze. This 

protection is achieved when the system is operated in drain mode. In drain mode all of the liquid in the system's collectors and 

piping is drained back into an insulated reservoir tank when the system is not producing heat. An indicator on the reservoir tank 

shows when the collector is completely drained. Each time the pump shuts off the solution in the collector is drained into the 

reservoir tank 

 
Fig. 3: Drain Back Systems 

Basic components of drain back systems are: 

 Indirect storage tank 

 Reservoir tank 

 Circulating pump 

 Differential control unit 

 Temperature sensor 

 Gate valve 

 Drain valve. 

 Thermo Siphon Systems: D.

 
Fig. 4: Thermo Siphon Systems 
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The use of thermo siphon systems is accepted worldwide due to their simple and reliable characteristics. A typical closed loop 

system is shown in figure. The basic components of a drain back system are listed below: 

 Solar collectors 

 Direct storage tank 

 Isolation valve 

 Drain valve 

 Thermally Operated Valve 

The collector absorbs the sun’s energy and the water inside the collector flow-tubes is heated.[9] As it heats, the water expands 

and becomes lighter than the cold water in the solar storage tank mounted above the collector. Gravity then pulls heavier, cold 

water down from the tank and into the collector inlet. The cold water pushes the heated water through the collector outlet and 

into the top of the tank, thus heating the water in the tank. 

A thermo siphon system requires neither pump nor controller. Cold water flows directly to the tank on the roof. Solar heated 

water flows from the rooftop tank to the auxiliary tank installed at ground level. This system features a thermally operated valve 

that protects the collector from freezing. It also includes isolation valves, which allow the solar system to be manually drained in 

case of freezing conditions, or to be bypassed completely. 

VI. INTEGRAL COLLECTOR’S STORAGE SYSTEMS (BATCH HEATERS) 

 
Fig. 5: Integral collector’s storage systems (Batch heaters) 

In the integral collector storage solar system, the hot water storage system is the collector. Cold water flows progressively 

through the collector where it is heated by the sun [2].Hot water is drawn from the top, which is the hottest, and replacement 

water flows into the bottom. This system is simple because pumps and controllers are not required. On demand, cold water from 

the house flows into the collector and hot water from the collector flows to a standard hot water auxiliary tank within the house. 

A flush type freeze protection valve is installed in the top plumbing near the collector. As temperatures near freezing, this valve 

opens to allow relatively warm water to flow through the collector to prevent freezing. 

VII. CONCLUSION 

It is a fact that most of the houses build today choose electric water heaters [1]. The main reason is because they are easy to 

install and inexpensive. However, research has shown that in an average household with electric water heater spends about 25% 

of its home energy costs on heating water. It was found that homes using solar water heaters can save as much as 50-85% 

annually on the utility bills over the cost of an electric water heater. Depending of the fuel sources the solar water heater can be 

more economically over the lifetime of the system than heating water with electricity, fuel oil, propane or natural gas. Solar 

water heaters do not pollute because they avoid carbon dioxide, nitrogen oxides, sulphur dioxide and the other air pollution and 
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wastes. When a solar water heater replaces an electric water heater, the electricity displaced over 20 years represents more than 

50 tons of avoided carbon dioxide emissions. 
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