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Abstract— The Solar thermal training system is project on 

solar water heating system. Here heating of water with help 

of solar in Any Season can be obtained. Here in the season of 

rainy days also heated water can be obtained with the help of 

ordinary lights which was most annoying problem. Also the 

velocity of air also can be varied and temperature up to 60 

degree can be achieved. Two types of heaters are available 

Thermosyphone and Forced convection. The experimental 

system of heat loss of all-glass evacuated solar collector tubes 

is firstly designed and constructed, which uses electric heater 

as thermal resource. The invalidation tube has the biggest 

heat loss that increases linearly with the tube temperature. 

The thermal performance of the thermosyphon solar water 

heater was analyzed to show its applicability in a tropical 

climate using data of cloudy, sunny and hazy days. Also, an 

analysis of the temperature storage characteristics of a novel 

fiber reinforced plastic storage tank was undertaken. The inlet 

and outlet positions were determined using the 

recommendation of Simon and Wenxian the optional position 

for the inlet/outlet was around the very top/bottom of the tank. 

The obtained results showed that the coupled tank 

substantially retained and delivered the stored hot water 

during off sunshine hours with minimal losses, and 

stratification occurred in the tank as a result. In view of the 

thermal performance, materials can be efficiently employed 

in the design of solar hot water storage tanks. 
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I. INTRODUCTION 

Water is generally heated by electric heaters. Water heating 

accounts for approximately one fourth of the total energy 

used in a typical Single family home. During the winter, an 

electric water heater is the single biggest energy user of all 

domestic appliances Hot water is an essential requirement in 

industry as well as in the domestic sector. Solar hot water 

heater can replace existing conventional water heaters 

(electric and gas) and can easily be paired with radiant panel 

flooring, thereby reducing utility bills. Even though this type 

of water heaters available in markets, it is not popularly used 

because of its high cost and poor performance during low 

solar intensity conditions. Only straight pipes are used in 

conventional solar water heaters which limit the heat 

transferring capability. Bent manifolds make it more efficient 

than the conventional water heaters and also Increases the 

heat transfer rates. Energy received by the absorber plats 

depend on collector inclination and orientation and glass 

transmission. Heat transfer to water from the heat absorber 

plat depends on thermal conductivity of absorber plate, water 

tube and contact area between absorber plat, water tube and 

coefficient of heat transfer. 

II. LITERATURE REVIEW 

P.N.Nwosu et al.[1] the thermal performance of the 

thermosyphon solar water heater was analyzed to show its 

applicability in a tropical climate using data of cloudy, sunny 

and hazy days.  The average daily efficiency of the parallel 

connected module, ranged between 35 and 40%. Also, an 

analysis of the temperature storage characteristics of a novel 

fibre rein forced plastic (FRP) storage tank was undertaken. 

The inlet and outlet positions were determined using the 

recommendation of Simon and Wenxian. The optional 

position for the inlet/outlet was around the very top/bottom of 

the tank.  The obtained results showed that the coupled FRP 

tank substantially retained and delivered the stored hot water 

during off sunshine hours with minimal losses, and 

stratification occurred in the tank as a result. In view of the 

thermal performance, FRP materials can be efficiently 

employed in the design of solar hot water storage tanks.  

M. R. Riazi et al. [2] report experimental results for 

the performance and rate of heat transfer in copper tubes in 

solar water heaters with thermosyphonic flow in continuation 

of experimental data reported in previous publications. We 

also show a comparison between performances of three kinds 

of tubes: copper, polypropylene and steel under similar 

conditions. A comparison of experimental data showed that 

performance of copper tubes is slightly better than 

polypropylene tubes while both of these tubes are 

significantly better than steel tubes.   

Shuang-Ying Wu et al.[3] Based on the heat transfer 

characteristics of absorber plate and the heat transfer 

effectiveness-number of heat transfer unit method of heat 

exchanger, a new theoretical method of analyzing the thermal 

performance of heat pipe flat plate solar collector with cross 

flow heat exchanger has been put forward and validated by 

comparisons with the experimental and numerical results in 

pre-existing literature. The proposed theoretical method can 

be used to analyze and discuss the influence of relevant 

parameters on the thermal performance of heat pipe flat plate 

solar collector. 

III. WORKING OF SOLAR THERMAL SYSTEM 

In light of increasing demand for energy and rising cost of 

fossil type fuels (i.e., gas or oil) solar energy is considered an 

attractive source of renewable energy that can be used for 

water hearing in both homes and industry. Heating water 

consumes nearly 20% of total energy consumption for an 

average family. Solar water heating systems are the cheapest 

and most easily affordable clean energy available to 

homeowners that may provide most of hot water required by 

a family in months from May to October. In solar water 

heaters sunlight strikes heating surface absorber known as 

collector and heat can be transferred to water directly through 

tubes that water flows inside them or indirectly through a heat 

exchanger. In the direct (also known as open loop) system 



Parametric Analysis of Solar Thermal System 

 (IJSRD/Vol. 5/Issue 05/2017/204) 

 

 All rights reserved by www.ijsrd.com 863 

water circulates through the entire system i.e. collector to 

storage tank and the same hot water is used for various 

applications. These types of systems are generally not 

suitable for hard water due to the scaling problems in the 

risers and headers of the collector. 

Solar water heating system can also be classified in 

two types based on the circulation of water: (a) Forced flow 

or forced circulation system, and (b) thermosyphon system. 

In the forced flow system, a pump is used for circulating 

water between the collectors and the insulated hot water 

storage tank. The forced flow systems are more efficient as 

compared to thermosyphon systems due to higher flow rate. 

In the thermosyphon system, water comes from the overhead 

tank to bottom of solar collector by natural circulation and 

water circulates from the collector to storage tank as long as 

the absorber keeps absorbing heat from the sun and water gets 

heated in the collector. The cold water at the bottom of 

storage tank run into the collector and replaces the hot water, 

which is then forced inside the insulated hot water storage 

tank. The process of the circulation stops when there is no 

solar radiation on the collector. 

Thermosyphon system is simple and requires less 

maintenance due to absence of controls and instrumentation. 

Efficiency of a collector depends on the difference between 

collector temperature and ambient temperature and inversely 

proportional to the intensity of solar radiation. 

Components Specifications 

Water heating system (Collector 

and hot water tank) 

Collector: area 0.716 m2, it has glass cover known as glazing, absorber plate, 6 riser 

pipes, two header pipes,  insulation, casing etc. 

Tank: two layer tanks with puf as insulation. tank capacity 50 L water 

Halogen system 

21 halogen of 150 watt each are assembled in a metal sheet (halogen fixture). 

Halogen fixture’s area: .0.72 m2 

Number of halogen lamp: 21 

Power: 150 W each 

Regulator: capacity 5000 W 

External water tanks Two FRP tank of 80 Liter  capacity 

Water pump 
Power supply: it is a hot water AC pump 

Power: 0.5 hp 

Water flow meter (for forced 

mode) 

Sensor: 

Flow range : 0.5 to 25 LPM 

Supply voltage- 230 V AC. 

Work on Mini turbine wheel 

based technology. 

To measure the water flow rate 

during the forced mode operation. 

With electronic On-Off switch and a Reset button 

Anemometer 

Air velocity: 

Range : 0.4 to 45.0 m/sec 

Power supply: DC 4*1.5 AAA size 

Pressure Gauges 
Range: 0 to 6 bar pressure 

Power: 220 VAC 

Thermometers 

Sensor: 

Sensors are Class A sensor 

Range: -200 to 650 0C 

Display: 

Range: -100 to 2000C 

Supply Voltage: 230AC 

Water cooler 
Capacity: 0.1 TR 

Power supply: AC 

Table 1: Specification of Solar Thermal System

IV. EXPERIMENTAL SETUP 

 
Fig. 1: Schematic diagram of the Experimental setup 

The system has been designed to perform experiments in both 

Thermosyphon and Forced modes of flow. 

A. Description of Different Instrument 

1) Radiation Meter 

To measure the radiation level that is received by the collector 

a radiation meter is supplied with the system. It is a sensing 

based device. It can measure the radiation level in the range 

of 0 to 1999 W/m2. 

2) Thermometer 

Four thermometers are connected to the system. The Sensors 

are RTD based platinum probe and work on the principle of 

variation of resistance with temperature. The probes are class 

A RTD and can measure the temperature in the range of -

200°C to 650°C. 
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3) Pressure Gauge 

Two pressure gauges are there in the setup. They work on the 

principle of generation of electrical signal by semiconductor 

device due to exertion of pressure. The pressure gauges can 

measure the pressure in the range of 101.3 to 650 kpa. 

4) Water flow meter 

To measure the water flow rate a panel mount flow meter with 

a mini turbine flow sensor is connected near the collector 

inlet. It is a programmable meter. It can measure the flow rate 

in the range of 0.5 to 25LPM. The temperature limit of the 

meter is up to 80°C. 

5) Anemometer 

An anemometer is supplied with the system. This can be used 

to measure the air velocity and the ambient air temperature.  

The air flow sensor is a conventional angled vane arms with 

low friction ball bearing while the temperature sensor is a 

precision thermistor.  The anemometer can measure the wind 

velocity in the range of 0.4 to 45.0 m/s while the temperature 

range is -10 to 60°C  

6) Pump  

We are using an AC pump to fill up the collector tank as well 

as to circulate the water through the collector at some 

regulated speed. A continuous regulator is there to maintain 

the flow rate. 

7) Fan  

One AC fan is integrated with the system to generate the 

artificial wind speed. To set the wind speed as per 

requirement a regulator is there in the main control unit. 

V. THERMAL ANALYSIS 

A. Assumptions 

To perform different experiments with this set-up a number 

of assumptions need to be made. These assumptions are not 

against the basic physical principles but simplify the 

problems up to a great extent.  

1) The collector is in a steady state condition.  

2) The headers cover only a small area of the collector and 

can be neglected.  

3) Heaters provide uniform flow to the riser tubes.  

4) Flow through the back insulation is one dimensional.  

5) Temperature gradients around tubes are neglected.  

6) Properties of materials are independent of temperature.  

7) No energy is absorbed by the cover.  

8) Heat flow through the cover is one dimensional.  

9) Temperature drop through the cover is negligible.  

10) Covers are opaque to infrared radiation.  

11) Same ambient temperature exists at the front and back of 

the collector.  

12) Dust effects on the cover are negligible (if otherwise 

mention). 

13) There is no shading of the absorber plate (if otherwise 

mention 

14) Valves are there to direct the water flow as per 

requirement. 

B. Important parameters of a flat plate collector based solar 

water heating system 

The performance of a solar water heating system depends 

upon different design and atmospheric parameters. The 

meaning and importance of some of the most dominating 

parameters are described below. 

1) Overall heat loss coefficient (UL) 

All the heat that is generated by the collector does not resulted 

into useful energy. Some of the heat gets losses to the 

surroundings. 

 The amount of heat losses depends upon the convective, 

conductive and radiation heat loss coefficients.  

 Estimation of heat loss coefficient of the flat plate 

collector is important for its performance evaluation. 

 A higher value of heat loss coefficient indicates the lower 

heat resistance and hence the lower efficiency.  

 Among all heat loss parameters the top loss contributes 

the most. 

 The top heat loss coefficient is a function of various 

parameters which includes the temperature of the 

absorbing plate, ambient temperature, wind speed, 

emissivity of the absorbing and the cover glass plate, tilt 

angle etc. 

2) Heat removal factor (FR) 

Heat removal factor represents the ratio of the actual useful 

energy gain to the useful energy gain if the entire collector 

were at the fluid inlet temperature. It depends upon the factors 

like inlet and outlet water temperature, the ambient 

temperature, area of the collector etc.  

The importance of heat removal factors remains 

with the efficiency of the system. For a highly efficient 

system a higher value of heat removal factor is must. 

3) Efficiency (η) 

Efficiency is the most important factor for a system. This 

factor determines the system’s output. For a flat plate 

collector based solar water heater system the efficiency is 

defined as the ratio of the useful energy delivered to the 

energy incident on the collector aperture. 

The value of efficiency is dominated by parameters like 

product of glazing’s transmittance and absorbing plate’s 

absorptance, intensity of global radiation falling on the 

collector, water inlet temperature and ambient air 

temperature. 

4) Collector time constant  

Collector time constant is required to evaluate the transient 

behaviour of a collector.  It is define as the time required 

rising the outlet temperature by 0.632 of the total temperature 

increase from Tfo–Ta at time zero to Tfo–Ta at time infinity i.e. 

time at which the outlet temperature attains a stagnant value.  

It can be calculated from the curve between R and time as 

shown below. The time interval for which R value is 0.632, 

is the time constant of the give collector. In terms of 

temperatures R is define as, 
( ) ( )

( ) ( )

fo fo

fo fo

T t T O
R

T T O






    (1) 

Where,   

Tfo(t): Outlet water temperature at any time t  

Tfo(0): Outlet water temperature at time zero  

C. Basic equations to calculate different parameters 

1) Heat loss coefficient (UL) 

UL is the overall heat transfer coefficient from the absorber 

plate to the ambient air.  It is a complicated function of the 

collector construction and its operating conditions.  In simple 

term it can be expressed as, UL= Ut+ Ub+ Ue According to 

Klein (1975), the top loss coefficient can be calculated by 

using the flowing formula. 
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 (2) 

Where, 

C=365.9X(1-0.00883ß+0.0001298Xß2) 

F=(1+0.04ha-0.0005ha
2)X(1+0.091N) 

ha=5.7+3.8v 

The heat loss from the bottom of the collector is first 

conducted through the insulation and then by a combined 

convection and infrared radiation transfer to the surrounding 

ambient air. However the radiation term can be neglected as 

the temperature of the bottom part of the casing is very low.  

Moreover the conduction resistance of the insulation behind 

the collector plate governs the heat loss from the collector 

plate through the back of the collector casing. 

Heat loss from the back of the plate rarely exceeds 

10% of the upward loss. So if we neglect the convective term 

there will not be much effect in the final result. Thus to 

calculate the bottom loss coefficients we can use the 

following formula 

Ub = kb / xb   (3) 

Typical value of the back surface heat loss 

coefficient ranges between 0.3 to 0.6 W/m2K.  

In a similar way, the heat transfer coefficient for the 

heat loss from the collector edges can be obtained by using 

the following formula 

Ue=Ub (Ae  /Ac)   (4) 

2) Factors of a flat plate collector (F, F’, FR, F”)  

a) Fin efficiency (F) 

For a straight fin with rectangular profile the fin efficiency is 

given as 
( )
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2
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b) Collector efficiency factor (F’) 
    

       

       

'
Actual useful heat collection rate

Useful heat collection rate when the collector

absorbing plate is at the local fluid tempe e

F

ratur



 
1

'

1 1 1

[ ) ]

L

L b i fi

U
F

W
U D W D F C D h


 

  
         (6) 

c) Heat removal factor (FR) 
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d) Flow factor (F”) 

It is the ratio of the heat removal factor (FR) and the collector 

efficiency factor (F’)  

Mathematically,  

'
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  (10) 

The parameter is called the collector capacitance 

rate. It is a dimensionless parameter and the sole parameter 

upon which the collector flow factor depends. 

e) Collector plate temperature (TP) 

At any point of time the collector plate temperature is given 

as 

(1 )
u

P i R

C R L

Q
T T F

A F U
     (11) 

Where, the useful heat gain Qu is given as 

0 0
[ ( ) ( )]

u C R t L i a
Q A F I U T T       (12) 

f) Thermal efficiency of the collector (η) 

It is the ratio of the Useful heat gain to the Total input energy 

Mathematically,  
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Thermal Efficiency of the collector when angle of 

incident is not 90° (ηθ)  

The equation for the thermal efficiency is applicable 

for a normal incident angle situation.  

In a situation where angle of incident is not 90° we 

will have to add a new parameter in the equation.  

The new parameter is known as incident angle 

modifier (kθ). The necessity of (kθ) is arises due to change in 

(τα) product.  

For a flat plate collector (kθ) is given as 
2
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1 1
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          (14) 

For a single glaze collector we can use a single order 

equation with,  

0

1
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Thus for a collector where angle of incident is not 

90°, the efficiency  
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VI. RESULT AND DISCUSSION 

 
Fig. 2: Water temperatures at the inlet and outlet of the solar 

collector during the day 

The experiments were conducted in the solar water heater and 

the variation of inlet water, outlet water, ambient 

temperatures and solar intensity are depicted in Fig. 2 for the 

period of 08:30 to 16:30. The outlet temperature of the water 

varies from 38˚C to 68˚C from morning till noon time. This 
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is because of the observed solar energy by the solar water 

heater is transferred to the water which is circulated in the 

raiser tube fitted in the bottom of the air channel. The overall 

heat loss coefficients of solar water heater based on aperture 

area has been calculated from the experimental data. It is 

observed that the value of overall heat loss coefficient for 

solar water heater is varied from 7.2 to 11.15 W/m2-K during 

the day. The average overall heat loss coefficient of solar 

water heater is calculated as 7.59 W/m2-K for the entire day. 

Also the mass flow rate obtained a maximum daily 

average value of 0.019 kg/s day 3 while a minimum value of 

0.014 kg/s was recorded on day 1. These results were 

obtained on the days in which the daily average solar 

radiation was also in decreasing order. This also shows the 

dependence of water flow rate on solar radiation. The wind 

speed recorded maximum and minimum daily average values 

of 0.687 m/s and 0.294 m/s respectively. On these days the 

mass flow rates were 0.017 kg/s and 0.014 kg/s respectively. 

These results again agree with the fact that wind speed affects 

the heat gain of a flat-plate collector. 

 
Fig. 3: Water temperatures at the inlet and outlet of the solar 

collector during the day 

The thermal efficiency of the solar heater during 

different days for the mass flow rate of 0.019 kg/s, 0.017 kg/s 

and 0.014 kg/s is shown in Fig. 3. It reveals that the efficiency 

of the system decreases due to the exchange of heat energy 

from the air heater. The maximum water heating efficiency 

of the solar water collector was calculated as 72.05%, 67.55% 

and 62.02% during noon time. 

VII. CONCLUSION 

The thermal efficiency of the solar heater during different 

days with the different mass flow rate and different solar 

intensity is calculated it shows that with 0.019 kg/s mass flow 

rate the efficiency is maximum. A particular objective is to 

provide an improved solar heating unit which is simple and 

compact, and of a peculiar form whereby to more effectively 

concentrate the sun’s rays upon a contained water heating and 

circulating coil and at the same time effectively retain the 

absorbed heat within the casing of the unit. A further 

objective is to provide an automatic thermal control for the 

water circulation to and from the storage tank in connection 

with the heating unit. The heat removal factor (FR) and 

collector efficiency factor (F’) were found to be higher for 

summer as well as winter season. The results of the system 

can be operated as a water heater depends upon our 

requirements for the different seasons. The automatic thermal 

control for water circulation will further increase the 

performance of the system.  
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