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Abstract— The efficiency improvement for flat-plate solar 

collector can reduce its size and obtain higher temperature 

fluid at outlet for wider application. In response to these 

demands, different highly-effective techniques have been 

used in the past to enhance the thermal performance of solar 

collectors including the methods of reducing the heat loss 

from the top surface or increasing the energy gain inside the 

solar converter. Many researches carried out numerous 

experimental and mathematical investigations on 

Performance improvement of solar flat plate heat collector. 

Enhancement techniques can be applied to flat-plate liquid 

solar collectors towards more compact and efficient designs. 

Extensive work has been carried out in order to enhance the 

performance of flat plate collector using former passive 

techniques and still there is very limited research literature 

available on performance enhancement using the tubes of 

special geometries. The Paper gives the brief look on the 

suitability of changing shape of tubes of special geometry. 

The performance of solar flat plate collector with formed 

tubes is compared with performance of standard circular 

tube. The performance parameter like collector efficiency, 

mass flow rate and temperature difference of such formed 

tubes is much less than that of circular tube. 
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I. INTRODUCTION 

A simple flat plate consists of four components absorber 

plate, tubes fixed to the absorber plate, the transparent 

cover, the collector box. The collector plates absorb the 

maximum possible amount of solar irradiance and transfer 

this heat to the working fluid which is flowing in absorber 

tube. The fluid used for heat transfer generally flows 

through a metallic tube, which is connected to the absorber 

plate. The absorber is usually made of metallic materials 

such as copper, steel or aluminium and surface is generally 

black. The collector box can be made of plastic, metal or 

wood type insulator to prevent heat loss and the transparent 

front cover must be sealed so that heat does not escape, and 

the collector itself is protected from dirt and humidity. The 

heat transfer fluid may be either water or water with 

antifreeze liquid. Still the heat losses due to the temperature 

difference between the absorber and ambient air result in 

convection and radiation losses. The main advantage of a 

flat plate collector is that it utilizes both beam and diffuse 

components of solar radiation. Efficiency of flat plate 

collector depends on the temperature of the plate, ambient 

temperature, solar isolation, top loss coefficient emissivity 

of plate; transmittance of cover sheet, number of glass 

covers etc. The efficiency improvement for flat-plate solar 

collector can reduce its size and obtain higher temperature 

fluid at outlet for wider application. In response to these 

demands, different highly-effective techniques have been 

used in the past to enhance the thermal performance of solar 

collectors including the methods of reducing the heat loss 

from the top surface or increasing the energy gain inside the 

solar converter. 

II. LITERATURE REVIEW 

There is an increasing demand for the solar collectors, 

especially the flat-plate liquid solar collector. Therefore, an 

extensive research has been done in order to analyse and to 

enhance the Performance improvement of solar flat plate 

heat collector using passive techniques mentioned above. 

The details of literature connected with same are 

summarized below. 

Alok Kumar et al. [1] Performance of Solar Flat 

plate by using Semi- Circular Cross Sectional Tube Solar 

flat plate collector is a solar thermal device which is use to 

raise the temperature of any fluid up to 1000C. When using 

semi circular type tube blow the absorber plate, the area of 

intimate contact is increases between fluid and absorber 

plate and also resistance due to adhesive is decreases. Due to 

this reason performance of solar flat plate collector is 

increased. 

Sunil.K.Amrutkar et al. [2] evaluates the 

performance of flat plate collector with different geometric 

absorber configuration. By varying the collector plate 

material, glazing material, the efficiency and outlet 

temperature of flat plate collector is also vary. To reducing 

the collector area and minimizing the number of tubes, cost 

of collector is also reduced. 

B.Kundu et al. [3] suggest trapezoidal profile for 

absorber plate that gives Optimum efficiency. The 

trapezoidal profile is a better choice for transferring energy 

of a solar collector, although, this profile is rarely found in 

practical design due to inherent difficulties in 

manufacturing.  

Alireza Hobbi et al. [4] an experiment is performed 

to see the effect of heat enhancement devices on the 

collector performance. Four types of arrangement are 

analysed regular circular tube, regular tube with twisted strip 

tabulators, regular tube with coil spring wire and regular 

tube with conical ridges installed in every 152mm. no 

significant effect on the performance of collector 

S. Farahat et al. [5] Exegetic optimization is 

developed for the flat plate solar collector to improve and 

optimize the performance of the collector. Absorber plate 

area, dimension of solar collector pipes, diameter, mass flow 

rate, fluid inlet, outlet temperature, the overall loss 

coefficient are taken as variables. Exegetic efficiency 

increases with increase in fluid inlet temperature, decrease 

with increase in ambient temperature, increase with increase 

in pipe diameter, decrease with wind speed, increase with 

increase in optimal efficiency, increase with increase in 

incident energy. 
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Y. Raja Sekhar et al. [6] an experiment is 

performed for to evaluate the top loss coefficient 

considering the aspects like isolation, emissivity of absorber, 

ambient temperature, wind loss coefficient, tilt. A 

theoretical investigation is also done. The results obtained 

are Efficiency decreases with increase in emissivity of the 

plate, Efficiency increases with increase in ambient 

temperature, with increase in wind loss coefficient 

Efficiency decreases. 

R. Raj et al. [7] investigates a new solar flat plate 

collector which is of sandwich type. The new type of 

collector is the water sandwich type collector which is made 

by bracing two corrugated metal sheets on one 

another.Efficiency of the flat plate conventional is 24.17 and 

efficiency of the new collector is 20.19%. 

Vipin Awasthi et al. [8] reported the thermal 

performance of double glazed flat plate solar collectors with 

different range of design variable on top heat loss 

coefficient. The temperature of the absorber surface is above 

ambient temperature. 

III. DEVELOPMENT OF EXPERIMENTAL SYSTEM 

To study the thermal performance of flat plate solar 

collector using formed tube it is necessary to develop the 

system of flat plate solar collector with circular, elliptical, 

triangular and square shape formed tube shapes, along with 

other accessories and measuring instruments required to 

determine performance of solar flat plate collector with 

three different shape formed tubes 

The system consist of the storage tank from which 

cold water is taken out with the help of pump and supplied 

to the solar flat plate collector through rotameter. The outlet 

of pump is further bypassed to the storage tank to control the 

mass flow rate of water going to solar flat plate collector 

through bypass valve. This controlled quantity of water 

passes through rotameter, which indicates the flow rate of 

water. The outlet of rotameter is connected to the lower 

header of flat plate collector. The lower header is connected 

to upper header through the rising tubes (absorber tubes) 

over which solar energy absorber fins are attached. The flat 

plat solar collector covered with glass to protect the absorber 

tube assembly. The bottom and sides of the collector are 

insulated with glass wool to minimize the heat losses to 

surrounding. The collector is inclined at predefined 

inclination angle with horizontal. The solar energy incident 

on the collector absorbed by the water flowing through 

absorber tubes and heated water collected at the outlet of 

upper header is connected to storage tank and length of the 

tube is decided in a such a fashion that the loss of heat from 

the hot water to surrounding will be same as that of gain of 

heat through solar collector. This ensures that the 

temperature of water entering to the collector will be same 

during the testing period. The intensity of solar radiation is 

measured by using pyranometer. The inlet and outlet water 

temperature from both the collectors along with ambient air 

temperature and absorber plate temperature are measured 

using multichannel temperature indicator. 

 
Fig. 1: Developed Experimental System 

 

 
Fig. 2: Circular, Triangular, Elliptical & Square Tubes 

IV. EXPERIMENTAL TESTING  

The experiment was designed to collect basic parameters to 

evaluate the performance of a collector. All collectors are 

faced towards south with selected inclination angle (250,300 

and 350) from the horizontal. The formed tubes used in the 

flat plate solar collector are circular, elliptical, triangular and 

square shape. The test was performed during the summer 

season of the year in order to meet the test conditions 

mentioned as per standard. 

During the testing procedure, both the solar 

collectors were held in tilted position facing South and  

tested in outdoor conditions of Sangli, India (latitude 

16.8670° N  and longitude , 74.5670° E). 

Experiments were carried out throughout the day 

from 10:00am to 1.30 pm and values of solar intensity (It) as 

well as different temperatures were recorded at each half 

hour interval. Different temperatures measured include 

ambient air temperature (Tamb), inlet water temperature 

(Tin), and outlet water temperature for collector with water 

and nanofluid as working fluid (Tout). Additionally the 

absorber plate temperature (Tplate) has also been recorded. 

It should be noted that each of these readings were obtained 

for a fixed mass flow rate. Tests were carried out throughout 

the day for for a mass flow rate 25 LPH (0.0067 kg/sec) , 50 

LPH (0.0139 kg/sec), 75LPH (0.0208 kg/sec)  and 100 LPH 

(0.0278 kg/sec).  

The rate of thermal energy input (Qin), the rate of 

thermal energy gain (Qg) and the instantaneous efficiency 

(η) 

ηinst =  Qg  / Qin 
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V. RESULTS AND DISCUSSIONS 

Inclination angle 30° and flow rate 100 LPH 

Time 
Instantaneous collector Efficiency (%) 

Circular Elliptical Triangular Square 

10.00 36.75 51.01 56.54 39.75 

10.30 45.87 51.19 56.06 48.54 

11.00 49.90 54.76 57.03 52.60 

11.30 55.65 55.44 60.10 56.93 

12.00 58.81 63.19 66.92 60.71 

12.30 59.89 66.11 69.88 55.90 

1.00 68.40 74.33 78.17 68.12 

1.30 62.02 67.88 70.02 62.47 

Table 1. 

 
Fig. 3: 

Figure shows the curves for instantaneous collector 

efficiency of different formed shapes of the tubes for 30 

degree inclination angle and for mass flow rate of the water 

0.028 Kg/s during time 10.00 am to 1.30 pm among all 

tubes the highest efficiency is for tube having triangular 

cross section, and lowest efficiency is for the shapes having 

circular cross section. and from graph it is clear that as time 

span increases efficiency will increase up to certain extent 

and it falls down from that point.  

As mass flow rate and inclination angle increases 

collector efficiency also goes on increasing for all formed 

cross section of tubes. Also from graph it is clear that for 

Triangular, elliptical and square sections will give more 

collector efficiency than the circular one. 

VI. CONCLUSION 

An experimental study has been carried out to investigate 

the thermal performance of solar flat plate collector using 

formed tube. Absorber tube cross sections under 

investigation were circular, elliptical, square and triangular. 

The performance of formed tube solar collector was 

evaluated at different inclination angle. The effete of mass 

flow rate on the performance of solar flat plate collector also 

been investigated.  

Following conclusions are made from the above mentioned 

experimental study and is detailed below: 

 The performance of convectional flat plate solar 

collector can be improved by using alternative cross 

sections for absorber tube. Which intern either enhances 

the instantaneous collector efficiency of convectional 

solar flat plate collector or reduces the collector area 

without compromising its thermal performance. 

 Experimental results reveal that average instantaneous 

collector efficiency for solar flat plate collector with 

elliptical cross section enhances by 9-12% and with 

triangular cross section formed tube 15-19%. Whereas 

the performance of solar collector with square cross-

section does not show in any significant performance 

enhancement.  

 The reason behind enhancement of thermal 

performance with triangular shape formed tube blow 

the absorber plate is the increases in area of intimate 

contact between fluid and absorber plate and also 

decrease in resistance due to adhesive.  

 The performance of solar flat plate collector increases 

with increase in inclination angle and then decreases. 

Optimum Thermal performance of Solar flat plate 

collector for all formed tube used in the 

experimentation is obtained at 300.  

 Thermal performance of flat plate solar collector 

increases with increase in intensity of solar radiation for 

all formed tube solar collectors under investigations. 

 With increase in mass flow rate of water the 

instantaneous collector efficiency of solar flat plate 

collector increases. for all formed tubes. 

VII. FUTURE WORK 

There can be many promising techniques and research areas 

for enhancing thermal performance of solar water heating 

systems. Improvement in current technique by 

experimentations may also prove beneficial. Some of the 

possible improvements and future developments are stated 

below: 

 Development of Mathematical model considering 

multiple factors so that experimental investigation can 

be minimized. 

 Simulation of the flat plate solar collector can be carried 

out using suitable software (CFD) so that actual 

performance of formed tube flat plate collector can be 

optimized. 

 Optimization of operating parameters like orientation of 

the collector, fluid flow rate can also increase the 

efficiency and it can be applied to conventional FPC. 

 Using of tracking system for orientation of collector. 

 Efforts taken to enhance the performance of 

conventional solar flat plate collector can be 

implemented to the formed tube solar collector so that 

its performance can be further enhanced. 

 Cost-effectiveness and the payback period for a solar 

domestic water heating system that depends on the 

design, installation and consumption of energy can be 

investigated in future work. 
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