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Abstract—This paper presents about the comparative tests 

between three different types of solar thermal collectors. A 

standard evacuated tubular collector, two evacuated tube 

collector with external plain and concave reflector attached 

below the tubes. The tests are carried out under same 

experimental conditions in order to compare the performance 

analysis. 

Efficiencies of the three experimental setups are determined at 

different mass flow rates and solar flux. The test is conducted at 

the VIT University, Vellore in the last week of October 2013 

after optimizing the position of setup with respect to the latitude 

and longitude of the place. 

 

The purpose of this work is to find out which one is 

experimentally efficient, and to determine the amount by which 

the performance has been increased. The experimental analysis 

shows that the efficiency is higher for evacuated tubular 

collector with concave reflector. The plain reflector reflects the 

incident radiation depending upon the incident angle whereas 

concave reflector concentrates the same on to the focal line.  This 

paper discusses about how the analysis is done and made the 

conclusions. 
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I. INTRODUCTION 

In this era, the demand for the energy is increasing day by 

day. Majority of the energy production is from conventional 

energy sources like fossil fuels.  As these sources are not 

sufficient in quantity to meet the growing demand, the 

stepping to the renewable sources of energy is very essential. 

The renewable sources can be utilized for many applications. 

One of them is the utilization of solar energy to heat the 

water.  The solar thermal collectors absorb the incident solar 

energy to heat up the running water through the tubes. 

Different types of solar thermal collectors are available based 

on the requirements, amount of heating required etc. and 

researches are going on to find out the ways to increase the 

efficiency further.  

 

 

 

 

 

 

 

 

In the case of solar thermal collectors, the two main types are 

flat plate collector and evacuated tube collectors. In both 

types, water is used as the transferring medium for heat. The 

evacuated tubular collector consists of glass vacuum sealed 

tubes. The presence of vacuum medium reduces the 

conductive and convective losses when compared to flat plate 

collector.  

 

The evacuated tube collectors may be subdivided in two 

types. In the direct flow heat transfer liquid is pumped 

through the tubes. The second type consists of heat pipes 

inside vacuum sealed glass tubes.  

 

II. EXPERIMENTAL APPARATUS 

The experimental work was done after fabricating a sample 

test setup (Figure: 1.0) with single glass evacuated copper 

tube in each set. A plain and concave mirror made of high 

reflective material was attached below the evacuated tubes to 

divert the incoming radiation into the tubes. The aperture of 

the concave reflector is adjusted so that the radiation 

concentrates on the evacuated tube. These are protected by a 

wooden box and are insulated to reduce the losses. The 

copper tubes carry the water medium for heat transfer. Two 

header pipes made of copper having a slightly larger diameter 

are attached to the both ends of the evacuated tubes for 

making the inlet and outlet. 

 

 
 

Fig: 1.0 Experimental apparatus 
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For all the setups inlet and outlet connections are made. 

The inlet is connected to an external water tank of 20L whose 

mass flow rate can be adjusted with the help of a rotameter 

which was calibrated initially. Thermocouples are attached to 

the inlet and outlet valves. A Pyranometer and Pyreheliometer 

were used to measure the global radiation and beam radiation 

respectively.  

 

Table 1.0: Specifications of the Experimental Setup 

 

 

The experimental apparatus is located at the VIT 

University, Vellore, India. Based on the location coordinates, 

the apparatus is placed focusing towards the south. The 

experiment is carried out in the last week of October 2013 

which was partially cloudy. 

 

Table 2.0. Installation condition of the Experimental Setup 

III. EFFICIENCY IN STEADY STATE CONDITIONS 

 

The useful output power of a solar collector for near normal 

incidence angle of the solar radiation during steady state 

conditions is given by Duffie and Beckman as 

  

Q = F'. Aa . [(τα)en. Ig – UL . (tm-ta)]     (1) 

 

where Q is the useful output power transmitted to the liquid, 

F' the collector efficiency factor, Aa the aperture area of 

collector, (τα)en the effective transmittance–absorptance 

product at normal incidence, Ig the global solar irradiance, UL 

the overall heat loss coefficient and (tm-ta), the difference 

between the  average fluid temperature in the collector tm and 

the ambient air ta.. 

 

 

The efficiency is given as to  

      

η = F’. [(τα)en. – UL . Tm*]       (2) 

    

where Tm*  is the reduced temperature difference.   

IV. EFFICIENCY IN NORMAL CONDITIONS 

The performance of three apparatus is compared on the 

basis of the efficiency obtained under the identical 

experimental conditions. The experiment was performed with 

two different mass flow rates and different solar radiations. 

For a particular mass flow rate, the inlet temperature, outlet 

temperature, ambient temperature, global radiation and beam 

radiation are measured. The same is repeated at regular 

intervals for obtaining different values. The rotameter used 

for controlling the mass flow rate is calibrated initially.  The 

losses occurred in the determination of efficiency is not taken 

into account since all the three apparatus have the same 

design. The analysis involves the study of increased 

efficiency due to the increase in the outlet temperature of the 

evacuated tubes with reflector.  

 

The efficiency is given by 

 

Efficiency, η = mw . Cp . ( To – Ti ) / Is . A            (3) 

 

Where, A the absorber area of collector, Is the global solar 

irradiance, (to-ti) the difference between the outlet temperature 

and inlet temperature. The global solar irradiation can be 

measured by the pyranometer which is having a sensitivity of 

12.56*10
-3

 mV. 

V. RESULTS & DISCUSSIONS 

The experiments were carried out on that particular day and 

the observations were analyzed. The highest global radiation 

occurred at 11:40am comes to 931.53 W/m
2
 and the lowest is 

at 11:15am which comes to 660.82 W/m
2
.  

 

The Figure 2.0 shows the relation between efficiency and 

solar flux. It is observed that the efficiency of the evacuated 

tube collectors varies with the variation in solar flux. The 

figure below shows the variation of efficiency with respect to 

solar flux for a mass flow rate of 24 LPH. Out of the three, the 

efficiency is higher for concave reflector. The maximum 

efficiency obtained for concave reflector is 28.29 %, whereas 

for plain reflector is 23.94% and the lowest value 19.58% 

which is for tube without reflector.   

No. Components Dimensions 

1 Copper tube Diameter 12.5mm 

2 Copper tube thickness 0.5mm 

3 Effective length of Copper tube 978mm 

4 Header pipe diameter 19.05mm 

5 Header pipe length 200mm 

6 Separation between Cu tube & glass tube 25mm 

7 Length of plane reflector 1000mm 

8 Width of plane reflector 200mm 

9 Thickness of plane reflector 2mm 

10 Length of concave reflector 1000mm 

11 Width of plane reflector 200mm 

12 Thickness of plane reflector 2mm 

13 Distance to the focal line from reflector 125mm 

Location VIT University/ Vellore/ Tamil Nadu/India 

Latitude 12.9692° N 

Longitude 79.1559° E 

Tilt angle 20° 

Direction South 
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Fig 2.0: Graph between Efficiency & Solar flux at a mass flow rate of 24LPH 

 

 

For the mass flow rate of 36 LPH, the efficiency curve 

gradually increases with increase in the solar flux. The 

fluctuation in efficiency is lower when compared to the 

previous one. It is observed that the maximum efficiency for 

concave reflector is 27.13%, for plain reflector is 26.18% and 

20.05% for without any reflector. As in the below Figure 3.0, 

the efficiency variation is less than 2% for a change in the 

flux of 50W/m
2
.  The efficiency obtained for concave 

reflector varies between 25.34% and 27.13%, for plain 

reflector the variation is between 19.36% and 25.17%. In the 

case of tube without any reflector efficiency varies from 

16.47% to 20.05%. 

 

 
 
Fig 3.0: Graph between Efficiency & Solar flux at a mass flow rate of 36LPH 

 

Relating the temperature difference between outlet and 

inlet to the solar flux, it is observed that the rise in 

temperature is higher at higher values of solar flux. Figure.4.0 

shows the variation between the temperature difference of 

outlet and inlet with respect to Solar flux. The graph follows 

the same trend as the efficiency curve. A maximum rise of 

3.4
o
C is observed for concave reflector type. All the three 

types follow the same trend in this observation. Considering 

the lowest points, for tube without reflector, at least 1.6
 o
C rise 

is there at the outlet. In the case of Plain reflector and 

Concave reflector, 1.8
 o
C and 2.2

 o
C is noted. 

 

 
 
Fig 4.0: Graph between Temperature Difference & Solar flux at a mass flow 

rate of 24LPH 

 

When compared to the 24LPH, again the temperature rise 

observed is lower according to the solar flux. The temperature 

difference varies from 2.0
o
C to 2.3

o
C for concave reflector 

and is from 1.5
o
C to 2.2

o
C for tube with Plain reflector. For a 

mass flow rate of 36LPH, the rise in temperature reduces to 

1.4
 o
C, the lowest value observed. 

 

 
 
Fig 5.0: Graph between Temperature Difference & Solar flux at a mass flow 

rate of 36LPH 

 

As seen from the above figures, the temperature difference 

decreases with increasing the mass flow rate and increases 

with increasing radiation amount. 

 

VI. CONCLUSIONS 

Experimental measurements taken on evacuated tube 

collectors with and without reflector are presented here. The 

efficiency curves at different mass flow rates have been 

obtained with respect to solar flux for the three 

configurations. It is observed that the efficiency of the tubular 

collectors depends on the mass flow rate, incident solar 

radiation, temperature difference between the inlet and outlet. 

Out of the three experimental setups here, the evacuated tube 

with concave reflector is more efficient. The use of the 

concave reflector diverts the incoming radiation to the focal 

line where the copper tube is located. That is, more incident 

energy is concentrating on it and the water in the tube will 

gets heated up easily. In case of evacuated tube with plain 

reflector, the reflector cannot concentrate the radiation, as it 
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just reflects it. so the increase in the water temperature is 

found to be less than that of concave type. For the evacuated 

tube without any reflector, only the incident radiation causes 

the rise in temperature. Hence the efficiency is much lower. 

For the radiations obtained on the day of experiment, for a 

mass flow rate of 36LPH the evacuated tube without reflector 

shown a variation from 16.47% to 20.05%, while the 

evacuated tubes with plain and concave reflector shown 

19.36% to 26.17% and 25.34% to 27.13% respectively. The 

experiment is conducted for two different mass flow rates, out 

of this lower mass flow rate gives higher temperature 

difference as the water will remain in the tube for more time. 

So it can be concluded that the efficiency can be further raised 

if the incident radiation can be more concentrated on the tube. 

 

VII. REFERENCES 

1.  E. Zambolin, D. D. Col, Experimental analysis of thermal 
performance of flat plate and evacuated tube solar colleccollectors 

in stationary standard and daily conditions, Solar Energy 84 (8) 

(2010) 1383–1396 
2.   I. Buduhardjo, G. L. Morrisin, Performance of water-inglass 

evacuated tube solar water heaters, Solar Energy 83 (1) (2009) 
49–56. 

3.  Pei, G.; Li, G.; Zhou, X.; Ji, J.; Su, Y. Comparative Experimental 

Analysis of the Thermal Performance of Evacuated Tube Solar 
Water Heater Systems With and Without a Mini-Compound 

Parabolic Concentrating (CPC) Reflector(C < 

1). Energies 2012, 5, 911-924. 
4.  W. Weiss, F. Mauthner, Solar heat worldwide. market and 

contribution to the energy supply 2008, Tech. rep., Solar Heating 

& Cooling Programme International Energy Agency (2010). 
5.   R. Tang, W. Gao, Y. Yu, H. Chen, Optimal tilt-angles of all-glass 

evacuated tube solar collectors, Energy 34 (2009) 1387–1395. 

6.  Z.D. Cheng, Y.L. He, J. Xiao, Y.B. Tao, R.J. Xu, Three-
dimensional numerical study of heat transfer characteristics in the 

receiver tube of parabolic trough solar collector, International 

Communications in Heat and Mass Transfer 37 (2010) 782–787. 
7.   Weidong Huang, Peng Hu, Zeshao Chen, Performance simulation 

of a parabolic trough solar collector, Solar Energy 86 (2012) 746–

755. 
8.   Zbysław Pluta, Evacuated tubular or classical flat plate solar 

collectors, Journal of Power Technologies 91 (3) (2011) 158–164 

9.   D.R. Waghole, Dr. G.V.Parishwad, Dr.R.M.Warkhedkar, 
Dr.N.K.Sane, Dr.V.S.Kulkarni, Heat Transfer analysis of 

receiver/absorber Tube of Parabolic Trough collector, Proceedings 

of the 37th National & 4th International Conference on Fluid 

Mechanics and Fluid Power, December 16-18, 2010, IIT Madras, 

Chennai, India. 

10.   Matthew Roesle, Volkan Coskun, Aldo Steinfeld, Numerical 
Analysis of Heat Loss from a Parabolic Trough Absorber Tube 

with Active Vacuum System, Journal of Solar Energy 

Engineering, August 2011, Vol. 133 / 031015-1. 
11.  Jian-Feng Lu and Jing Ding (2011). Heat Transfer Performances 

and Exergetic Optimization for Solar Heat Receiver, Evaporation, 

Condensation and Heat transfer, Dr. Amimul Ahsan (Ed.), ISBN: 
978-953-307-583-9,InTech 

12.   R. Ben Slama, "Experimentation of a plane solar integrated 

collector storage water heater," in Proc. International Renewable 
Energy Congress, Sousse Tunisia, November 5-7, pp. 395-403, 20 

10. 

13.   S.A. Kalogirou, "Solar thermal collectors and applications," 
Progress in Energy and Combustion Science, Vol. 30, pp. 23 1-

295, 2004 

14.  Han Zongwei, Zheng Maoyu, ―Experimental Research on Solar 
Assisted Ground Source Heat Pump Heating System with a Latent 

Heat Storage Tank in Severe Cold Area, ‖ Acta Energiae Solaris 

Sinica, vol 29(5), pp. 574-580, 2008. 
 

 

855

Vol. 3 Issue 4, April - 2014

International Journal of Engineering Research & Technology (IJERT)

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS040400

International Journal of Engineering Research & Technology (IJERT)


