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Abstract 

In this paper a careful study of already existing solar water systems was done; and a choice was made on the type of system to be 

designed with focus on simplicity, installation, and maintenance cost as well as durability. Use of locally available materials was 

made a matter of priority. A flat-plate collector was used as the absorber. It was integrated with underneath grids or coils of fluid 

carrying tubes and placed in an insulated casing with a glass or transparent cover. A cold water tank placed and hot water tank 

placed opposite to each other incorporated with a thermometer and a carriage are integrated in the system. All components were 

designed and constructed in line with the design values obtained.      
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Renewable energy resources of which the sun is a good example are those resources which undergo a faster replenishment rate 

within a relatively short time than the rate at which they are utilized or depleted.  The world experienced a major oil crisis which 

started a new way of energy thinking which focused on developing alternative energy resources, which would be renewable and 

environmentally friendly.  Presently, solar and other alternative energy resources are being harnessed for various applications such 

as power generation, air-conditioning, space heating, domestic hot water system, etc. Focusing systems have the following 

challenges which are absent in flat-plate collectors: complications of optical characteristics of concentrator, non-uniform fluxes on 

the absorbers, wide variation in shape, temperature and thermal loss characteristics of absorbers, and introduction of additional 

optical factors into the energy balance.  

II. OBJECTIVE 

The main objectives of our project are- 

1) Utilization of external power requirement should be minimize (such as electricity consumption is avoided or reduce by using 

solar panel 

2) To Keep the cost as minimum as possible. 

3) To make easily available to the society at lowest cost. 

III. WORKING OF SOLAR WATER & AIR HEATER 

The process mainly consist of two cycle.  

1) Water heater cycle 2. Air heater cycle. 

The first cycle that is water heater cycle generally consist of following equipment: 

1) Solar flat plate collector  

2) Drain back tank with heat exchanger fitted inside in it. 

3) Pump  

In the first cycle, the water started in the drain back tank is passed through the solar flat plate collector with the help of pump  

This water flow through the solar flat plat collector and gets heat up due to the solar radiations. And this heated water is drain 

back into the drain back tank. This cycle is repeated no. of times due to which the water attains the higher temperature. i.e., air 

heater cycle 
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 Principle of Operation of A flat-Plate Solar Water Heater 

 
 

The solar radiation passes through the glass in front of the absorber plate and strikes the flat black surface of the absorber plate 

where the solar energy is absorbed as heat (i.e., by increasing the internal energy). This causes the flat-plate collector to become 

very hot, and so the water contained in the risers and headers bounded to the plate also absorb the heat by conduction. The water 

inside the tubes (risers/headers) expands and so becomes less dense than the cold water from the storage cylinder. On the principle 

of thermosyphon, hot water is pushed through the collector and rises by natural convection to the hot water storage tank and cold 

water from the cold water tank simultaneously descends to the bottom header of the collector by gravity pull. Therefore, there is 

circulation as a result of an increase in temperature and volume of the warmer water to the hot water storage tank. The circulation 

continues as hot water goes out, while cold water comes in. 

Solar water heaters based on thermosyphon principle have the following advantages: simplicity and low cost, requires no 

electrical supply, need no controller or pump, easy to install, can withstand mild sub-zero temperature, is reliable and long-lasting 

since there are no moving parts, scalable (several collectors can be connected in parallel to increase hot water supply), is easy to 

build and operate, no fuel cost, provides heated water of about 70°C or within the range, and is portable. They, however, have the 

following disadvantages: cannot withstand mains pressure, cannot give higher temperature water, are affected by weather 

conditions, very useful only during the dry season, and can be more practicable and useful in the sunny regions. 

Now, the second cycle consist of the following equipment: 

1) Hot water storage tank 

2) Duct with condenser 

3) Two direction control valve 

4) Pump 
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Now second cycle the water from the storage tank is passed through the heat exchanger fitted inside the drain back tank with 

the help pump no. 2 due to which convection heat exchanger process tank place between hot water outside the heat exchanger and 

the cold water flowing inside the heat exchanger coil due to this heat transfer process the cold water heated up and passed through 

the condenser fitted in the middle of the duct. 

The duct is of rectangular cross section shape it consist of a lower fitted at one side and other side is open to the atmosphere 

while the hot water is slowing through the condenser, the condenser get heat up.  

The blower blows the air through condenser and due to force convection the air gets heat up and we get hot air at the other end 

of the duct. Than the water coming out from the condenser is drain into the storage tank.  

The system was tested on a normal sunny day, rainy day, and cloudy day between the hours of 12:00p.m. and 3:00p.m.; and 

results collected were tabulated. 
Table – 1 

Reading from project 

Time Temp. 1 Temp. 2 

12.1 42.9 36.5 

12.15 44.7 37.8 

12.30 42.5 39.1 

12.45 44.3 40.2 

1.00 44.1 41.2 

1.15 43.8 42.2 

1.30 42.9 4.0 

145 42.5 43.5 

2.00 43.3 43.9 

2.15 44.2 44.3 

2.30 43.7 45.1 

2.45 43.0 45.5 

3.00 43.1 47.0 

 

 
Tempeture Vs Time 

IV. CALCULATION 

Factor = Specification 

1) Location and latitude =Nagpur 21°N 

2) Day and Time =March 29 and 2:00—3:00pm(IST) 

3) Annual average Intensity of Solar Radiation =5.09 kwh/m²/day 

4) Collector tilt =latitude + 10.86° 

5) No. of glass covers = 1 

6) Heat Removal Factor For Collector = 0.810 

7) Transmittance of the Glass =0.88 
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8) Absorptance of the Glass = 0.98 

9) Top loss coefficient for collector =6.80 kcal/hr m² °c 

10) Collector Flude temp. =47°c 

11) Ambient temp.=43.1°c 

Collector efficiency,  (ƞ) = qᵤ/(Hb x Rb) 

qᵤ=Fr[S-Ul(Tfi-Tα)] 

S=Hb x Rb <ζ x α> 

Solar declination δ   =23.45 sin [(360/365)(284+n)] 

n= no. of days  n=89 

δ=3.22 

Solar hour angle Ѡs=0,(at mean of 2:00 to 3:00 pm) 

Solar altitude angle α is given by Sin α =cos φ cos δ cos Ѡs +sin φs sin δ  

φ=21°   s=32˚   δ=3.22˚  Ѡ=0 

α= 71.80°  

Incident angle Ɵ= π/2 – α  

Ɵ=18.2˚  

Rb = [cos(φ-S)cosδ cosѠ + sin(φ-s)sinδ]/[cosφ cosδ cosѠ+ sinφsinδ] 

Rb = 1.017  

Effective transmittance absorptance product is 

<ζ.α>= ζ.α/1-(1-α) pd 

Where pd is diffuce reluctance for two glass covers , it is = 0.12 

<ζ.α>=0.864 

S=Hb Rb <ζ.α>  

=186.33w/m² 

=339.63kcal /hr-m² 

qu=Fr[s-Ul(Tfi-Ta)] 

126.21kcal/hr m² 

146.76 w/m²hr 

Ƞ=126.21/212.06 x 1.017 

=58.52% 

Qu=m cp (t1-t2) 

M=1100  L/hr , Cp=4.18kj/kg k 

1L/h=0.00028kg/s 

1100L/h=0.308kg/s 

Qu=5.02kw 

The efficiency (ƞc) of collector achieved in this project is, Ƞc= 58.52% 

Rate of heat transfer (Qᵤ),    Qᵤ= 5.02 kw/hr 

V. CONCLUSION 

From the above comparison conclude that there are efficiency variation in given collectors with their given parameter, and also in 

cost, area, and its storage outlet temperature. But there is huge scope to reducing the collector area and minimizing the number of 

tubes which required for water circulation in collector assembly and its result at same outlet temperature reduce area and cost of 

collector by changing its geometric shape of flat plat collector. 

 The proposed model will more efficient as the size of the collector increases. 

 If the tank is properly insulated then the water will be hotter for longer time. 

 If the setup is installed at the roof of the house than the numbers of pump required will be only one for the second cycle. 

 Because of that the power consumption of the pumps will be less as compared to now. 
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