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ABSTRACT 

       Heating of water for domestic purpose is simple and effective way of utilizing solar energy. Though the initial 

cost of solar water heating system is high, the maintenance cost and zero green energy cost. To overcome the problem 

of high initial cost this paper suggests utilizing alternative material with very good absorbing efficiency material instead 

of copper. The stainless steel tube coated with epoxy-polyether and aluminium with copper oxide coating are used as a 

header and riser tube material instead of copper which is in practice now-a-days. This paper introduces a new heating 

system which has flat plate collector of effective performance at low cost eventhough stainless steel and aluminium has 

low thermal conductivity. Experiments have been conducted by using copper, stainless steel and aluminium tubes as 

header and riser tubes. The result shows that copper, aluminium and stainless bestow same performance. Also cost of 

stainless tube with epoxy-polyether and aluminium with copper oxide are less than that of copper tube. 
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INTRODUCTION 

      Nowadays most of the world energy (80%) is produced from the fossil fuels. Massive exploitation is leading to the 

exhaustion of these resources and imposes a real threat to the environment, apparent mainly through global warming and 

acidification of water cycle. The distribution of fossil fuels around the world is equally uneven. Middle-East possess 

more than half of the known oil reserves. This fact leads to economical instabilities around the world, which affect the 

whole geopolitical system as it cannot be maintained for more than two. Moreover there is a danger arising from the 

increase of the energy use from the countries of the third world. It is expected that these countries will try to increase 

their standard of living, which is at the minimum level for decades. This will have as a result the increase of the depletion 

of the limited stock, creating an even more logical problem. These countries even today cannot afford the cost of 

protecting the environment consequently they will increase the rate of combustion of oil and coal, will accelerate the 

deforestation or they will turn to nuclear energy. Keeping the above in mind as well as the fact the oil is running out fast, 

alternatives should be adopted. Renewable energy is one of the most promising alternatives to the above problems.  

The amount of heat deliver by solar system is 7kw/hour in a day. Solar collectors are commonly used for active 

conversion of solar energy to heat. Solar water heating system is a relatively mature solar thermal technology. In solar 

water heating systems incident solar radiation is converted to heat and transmitted to the transfer medium such as water. 

Solar water heating is often viable for replacement of electricity and fossil fuels used for water heating. Flat plate collector 

is an extension of the basic idea to place the collector in an oven like box; here riser tubes connected with the header tube 

is placed inside the box under absorber plate. Various studies reviewed above have shown the importance of performance 

improvement to the collector of the solar water heating. Various studies reviewed above have shown the importance of 

performance improvement to the collector of the solar water heating. In this study fluid flow system of an natural 

circulation solar water heater is designed and constructed with the aim of reducing the cost and bringing out the same 

efficiency. 

Assumptions 

 Flow inside tube is laminar. 

 Flow of the heat is steady and one dimensional. 

 Heat transfer between storage tank & surroundings are negligible. 

 Closed system. 

MATERIALS AND METHODS 

Flow system: Due to the density difference of the medium created by the temperature gradients causes the fluid being 

heated and delivered to storage tank. This type of fluid flow due to density gradient is usually termed as the natural 

convection. 
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Riser tubes and Header tubes: Stainless steel tubes are used as riser and header tubes and it is coated with Epoxy-

polyether powder coating. Before applying the surface coating process, oil, soil, lubricant greases and metal oxides are 

removed. Then the Epoxy-polyether powder is sprayed using an electrostatic process. An electrostatic gun impart the 

positive electric charge on powder which is then sprayed towards the grounded object by mechanical spraying and then 

the coating process accelerated to the work piece by a powerful electrostatic charge .The object is then heated and the 

powder melts into a uniform film and then cooled to form a hard coating Iron phosphate is used for pre-treatment. 

Aluminium tubes also are used as riser and header tubes and it is coated with copper oxide coating.  

Temperature distribution: The temperature distribution, useful heat energy and the collector efficiency were calculated 

by using the equations (1) to (10). Reynolds and Nusselt numbers are calculated as:  

Re = ρvd/ µ  and  Nu = h d / k  

To obtain the relationship between the temperature and the mass flow rate (m), the equation for useful heat energy (Qu), 

as   

An energy balance on the absorber plate yields for a steady state 

                                                                         
The heat loss from the collector, as 

 
The heat energy is converted into thermal energy of water in the pipes, as 

 
Then  

 
Therefore,                                                           

  
FR may be obtained from   

       
Then the collector efficiency is obtained by using the relation,  

 
Substitution of Eq (2) and (4) in Eq (5) yields,  

  

 
Experimental setup: The connection between flat plate solar collector and the storage tank is a simple design. The flow 

pipe connected with the inlet brings the cold water to the collector and a pipe connected with the outlet side gets the hot 

water from the collector. The flat plate solar collector is oriented in such a way that it receives maximum solar radiation 

during the sun light received. Accordingly the solar flat plate collector is stationed north south so that it absorbs maximum 

heat energy which sun travels from East to West. For the best all year round performance, the collector is placed at more 

than 10⁰ inclination to the horizontal plane. In this approach was used in this work and a tilt angle of 20⁰ N was used for 

location Tiruchirappalli, Tamilnadu, India (longitude 78⁰43’, latitude 10⁰46’). Space of 100 mm in between and welded 

at both ends to the header pipes of 25.4 mm diameter and 1000 mm long. The front surface of the box is then covered 

with 4 mm thick clear plain glass and the overall dimension of flat-plate solar collector is 2035mmx1035mmx100mm 

and the effective glazing area is 2.08 sq.m.  

The insulation thickness is assumed as 0.05 m of Polyurethane. The single glazing cover is at a distance of 0.05 

m from the absorber plate. The absorber plate material is chosen as copper of thickness 0.12 mm to 0.15 mm and thermal 

conductivity 385 Wm−1K−1.The transmissibility of the glazing cover is taken as 0.9. The emissivity of the absorber plate 

is taken as 0.8 and emissivity for re-radiation is 0.18. The flow rate is assumed to be constant as 1 kg/min and at an 

hourly range of 60 kg/hr. The schematic diagram of the natural circulation solar water heater is shown in Fig.1. The 

system consists of a solar flat plate collector, storage tank and connecting pipes. The absorber plate of the solar collector 
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was formed, like a corrugated sheet to accommodate the water pipes and headers in the grooves to maintain good contacts 

with the pipes. The absorbing surfaces were painted as black. The absorbing plate and the absorbing surface of the pipes 

absorb solar radiation and the absorbed heat is then transferred through conduction to the water in the pipes. Under the 

mode of natural convection the water flows through the pipes by the thermodynamic force and enters into the storage 

tank. 

 

 
 

Figure.1.The schematic diagram of flat- plate solar 

water heater 

Figure.2.Cross sectional view of flat- plate 

collector 

RESULTS AND DISCUSSIONS 

The results shows the maximum temperature of the peak solar insulation during the test at a maximum water 

temperature of 70⁰C for copper 66⁰C for aluminium coated with copper oxide and 62.5⁰C in stainless steel coated with 

epoxy-polyether are obtained. The Natural circulation solar water heater was tested in the month of March, 2013 at 

intervals of one hour between 9.00 hours and 17.00 hours. The incident solar radiation intensity was measured by using 

pyranometer. The water inlet and outlet temperature for the collector as well as ambient air is with a precision of 0.5⁰C.  

The mass flow rate of the system was measured by rotometer with the accuracy of 0.005 liters.  The efficiency of the 

various Flat-plate collectors was calculated by using Eq. (1) to Eq. (10).  

The hourly variation of the solar intensity, collector efficiency and collector water outlet temperatures are shown 

in Fig 3, 4 and 5. The solar intensity is increasing from 9.00 hours to 13.00 hours, reaching a maximum value of 937 

W/m2 at 13.00 hour in Fig 3. The collector outlet temperatures are shown in Fig.4. The outlet temperature at 9.00 hour is 

52 ⁰C, 45 ⁰ C and 41⁰ C for copper riser tubes aluminum tubes coated with copper oxide and stainless steel tubes coated 

with epoxy-polyether riser tubes respectively. The maximum outlet temperatures were recorded at 14.00 hour for all 

three cases. The outlet temperature reduced after 14.00 hour until 17.00 hour for all three cases. 

 
 

Fig.3.The curve for solar intensity against time Fig.4.The curve for hourly variation of fluid 

outlet temperature 

    The collector efficiency is also compared with three different cases and it’s depicted in fig 5. The collector 

efficiency at 9.00 hour is 39.42% for copper riser tubes, 31.79 % expected for aluminum tubes riser tubes and 27.79 % 

for stainless steel riser tubes. The maximum efficiency is observed at the time 13.00 hour in three cases as 45.31%, 

42.66% (expected) and 40.65% respectively. The collector efficiency is decreasing after 13.00 hour till 17.00 hour in the 

same manner. The collector efficiency is shown in Fig 5. The graph reveals that the maximum efficiency is at 13.00 hour 

in the three different cases.        
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Fig.5. The curve of collector efficiency against Time  

CONCLUSION 

Three different experimental set up were made and tested at Tiruchirappalli (longitude 78⁰43’, latitude 10⁰46’). 

The result records that the collector outlet temperature has the function of solar irradiance and time. The maximum 

collector efficiency was obtained at 13.00 hour in the three experiments. The experimental results revealed that the 

performance of the solar water heater by using all the five materials produced the maximum efficiency of around 40 % 

to 47 % respectively.  By replacing copper tubes with epoxy –polyether coating stainless steel and aluminium tubes with 

copper oxide coating material pipes in the flat –plate solar collector, the cost   of the system is found to be reduced by 

30%. 
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