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Abstract— The solar water heater is one of the best 

applications of solar energy. The solar water heater which is 

widely used for water heating purpose its performance is 

affected by so many parameters like orientation towards sun,  

shape and material of collector plate, shape and material of 

absorber plate and shape, surface finish and material of 

water pipes and these all are highly influencing parameters 

for performance of solar water heater. The scope of present 

work is limited to experimental investigation and Thermal 

Analysis of Serpentine Solar Water Heater. 
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I. INTRODUCTION 

Sun is soul of everything that exists on the earth. Since 

society is developing, at each step it utilizes energy in 

various forms. The energy consumption per capita decides 

the degree of development of that country. This gives rise to 

more general statement that, larger the consumption of 

energy per capital, more developed be the country. There are 

varieties of energy sources which can be classified in the 

category of conventional and non-conventional sources. 

However, looking towards the limitations and polluting 

behavior of the conventional sources, switching over to non-

conventional sources becomes a need of the time. Basically 

solar energy itself is a versatile source of energy since solar 

radiations are available worldwide, non-polluting, and eases 

of conversion of solar energy in to various required forms. 

The energy of the sun is generated from the nuclear fusion 

of its hydrogen into helium, with a resulting mass depletion  

rate of approximately 4.7 × 106 tons per second. The earth’s 

population currently needs 15 terawatts of  ower in total, but 

the solar radiation that reaches the earth on a continuous 

basis amounts to 120,000 terawatts; hence, just a fraction of 

the suns energy reaching the earth will cover the bulk of 

energy requirements [2] 

Solar energy being transmitted from the sun 

through space to earth by electromagnetic radiation must be 

converted to heat before it can be used in a practical heating 

or cooling system. Since solar energy is relatively dilute 

when it reaches the earth, the size of a system used to 

convert it to heat on a practical scale must be relatively 

large. Solar energy collectors, the devices used to convert 

the suns radiation to heat, usually consist of a surface that 

efficiently absorbs radiation and converts this incident flux 

to heat which raises the temperature of the absorbing 

material. A part of this energy is then removed from the 

absorbing surface by means of heattransfer fluid that may 

either be liquid or gaseous. One of the simple forms of solar 

energy collectors built is the flat-plate collector. Flat-plate 

collectors unlike focusing systems are designed for 

applications requiring energy delivery at moderate 

temperatures uptoperhaps 80 °C above ambienttemperature. 

They have the advantages of using beamand diffused solar 

radiation, not requiring orientation toward the sun, no 

significant optical loss terms, and requiring little 

maintenance. 

 
Fig. 1: Components of solar water heating system 

A typical solar water heater consists of a hot water 

storage tank and heat collectors. A black absorbing surface 

(a selective chemical coating surface), inside the collector, 

absorbs energy from solar radiation and transfers the energy 

to water flowing through the pipes. Hot water is less dense 

or lighter than cold water. This hot and lighter water 

naturally moves to the upper part of the storage tank which 

is insulated to prevent heat loss. Therefore in a tank 

containing water at differenttemperatures, the hot water will 

tend to rise to the top and cold water will tend to sink to the 

bottom. The simplest type of collector in a solar water 

heating system is the flat plate collector. The two basic 

designs of flat-plate collectors are the header and riser type 

and the serpentine type [6]. 

II. SERPENTINE SOLAR WATER HEATER 

A serpentine type flat-plate solar collector isbasically a 

black surface which iscalled collector that is placed at a 

convenient angle to the daily motion of the sun for 

collecting maximum solar radiation, and 
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Fig. 2: Serpentine Shape of collector tubes 

provided with a transparent cover for trapping the heat; 

appropriate insulation for reducingheat losses around the 

sides, top and rear can quite effectively act as an energy 

converter. Water is used as heat transfer fluidwhich moves 

through the tubes due to density gradient causedby 

temperature differences. In this experiment, a serpentine 

typethermosyphon flat-plate solar water heater has 

beenconstructed and fabricated. It has a serpentine collector 

coated withordinary black coating. This system is a passive 

naturalcirculation heating system or non-pump system 

which worksusing heat transfer technique, designed on a 

thermosyphonmechanism.  

III. DETAILS OF EXPERIMENTAL SET UP 

In the present experimental setup following parts are used : 

 Copper pipes of 1/2 inch diameter, 20 gauge 

thickness and 1 m length. (3 nos.) as Risers in 

serpentine shape. 

 Copper pipes of 1/2 inch diameter, 20 gauge 

thickness and 0.5 m length. (2 nos.) as Headers 

 0.5 mm thick ss sheet of dimensions 0.75m X 0.5 

m as Solar absorber. 

 Plain glass with above mention size and 3 mm 

thick 

 K type thermocouple (3 nos) 

 Digital Temperature indicator 

 Wooden box of above mentioned dimension will be 

used as a insulation box as well as structure box. 

 2 mm thick wooden sheet will be attached at the 

bottom of ss sheet to reduce heat leakages from the 

bottom of absorber plate. 

 
Fig. 3: Experimental setup 

The cold water tanks for the SWHs were filled with 

water. The tap was opened slightly to allow water flow to 

the circulating pipes through the inlet pipe. The water 

temperature in the tubes increases as it is heated up from the 

heat supplied by the absorber plate. By virtue of density 

difference the cold water goes down, while the hot water 

comes up and  a flow is initiated. The hot water flow for 

both the SWHs was measured using stop watch and flask. 

Temperature was measured at three different locations. 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

Date: 16 May 2015     ṁ : 0.003 kg/s 

TIME 

(hh:mm) 

Time for 1000 

ml Flask 

T1in 

(°C) 

T2 b 

(°C) 

T3out 

(°C) 

11:00 293 34 63 45 

11:20 314 35 64 46 

11:40 323 37 66 48 

12:00 333 39 68 51 

12:20 295 40 69 52 

12:40 315 41 70 55 

01:00 327 42 72 58 

01:20 303 42 73 60 

01:40 323 43 76 62 

14:00 331 43 78 64 

Table I: Experimental Readings 

The experimental readings are for the time period 

of 11:00 to 14:00. The maximum temperature in serpentine 

SWH is 64 °C at 14:00 which was the highest temperature 

attained by the system at the hot water outlet mass flow rate 

of 0.003kg/s. 

Thermal analysis of the system was carried out and 

the charts for the efficiency obtained is shown in Fig. 5 The 

efficiency is calculated using the equation  

η =
             

    
 ;  

where ṁ = Mass flow rate of hot water, 

 Cp = Heat coefficient of water, 

 Tout = Outlet water temperature, 

 Tin = Inlet water temperature, 

 I = solar insolation at collector surface, 

 Ac = Collector area. 

(ṁ) 

kg/s 

(Cp) 

kJ/kg˚C 

I 

kJ/m²s 

ΔT1 =                 

T3out - 

T1in 

Ac m² 
η 

 

0.003 4.19 1.36 11 0.4255 24% 

0.003 4.19 1.36 11 0.4255 24% 

0.003 4.19 1.36 11 0.4255 24% 

0.003 4.19 1.36 12 0.4255 26% 

0.003 4.19 1.36 12 0.4255 26% 

0.003 4.19 1.36 14 0.4255 30% 

0.003 4.19 1.36 16 0.4255 35% 

0.003 4.19 1.36 18 0.4255 39% 

0.003 4.19 1.36 19 0.4255 41% 

0.003 4.19 1.36 21 0.4255 46% 

Table 2: Thermal Analysis of Serpentine Water Heater 
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Thermal analysis shows that in this experiment the 

highest efficiency achieved by this system is 46%. The 

thermal losses are neglected in the calculation of efficiency. 

 
Fig. 4: Efficiency of the serpentine SWH 

Fig. 4 shows the graph of efficiency achieved of Serpentine 

SWH in this experiment. 

V. CONCLUSION 

Experiments have been performed during the months of 

March, April and May and the efficiency is found highest in 

the month of May as the atmospheric temperature is high in 

May compare to other months. The maximum temperature 

attained by the system is 64°C. As it is a conceptual design 

there are further scope of improvement in efficiency by 

designing a serpentine tube for optimization. 
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