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Abstract- Solar energy is a best source of energy as it is 

free and green but, the equipments we are using to 

utilise solar energy are not effective enough. The main 

focus carried out today is toward increasing 

performance of solar equipments . Solar water heater is 

one of them and a very useful equipment because of so 

many uses of heated water in daily life. So many trials 

have been carried out to improve it's performance. The 

performance of solar water heater can be improved by 

many way and one of them is to reduce the losses from 

heated water. A trial is carried out here to improve the 

performance of Solar water heater with evacuated tube 

collector by filling carbon dioxide gas in the space 

between evacuated tubes and a glass cover above it. As 

carbon dioxide is a green house gas , it has tendency to 

absorb high wavelength radiation that can be emitted 

from high temperature water inside the evacuated 

tube.On other side it will not affect the radiative energy 

going toward the evacuated tubes as it is of shorter 

wavelength because of tremendous high temperature of 

sun. The absorbed heat by carbon dioxide gas can be 

utilized by cold water to be preheated before passing 

through evacuated tubes or for low temperature water 

requirements. The heated carbon dioxide cover will also 

provide a warmer atmosphere to it in case of short 

cloudy period between sunny day. Thus by utilizing the 

lost heat performance can be improved. 

 

Index terms- Solar, Water Heater, Evacuated Tube 

Collector, Carbon Dioxide 

 

I.INTRODUCTION 

 

Following research papers were studied and research 

gap was identified based on them.   

Chun et al. (1994) [1] studied utilization of the heat 

pipe for solar water heaters. A series of tests were 

conducted on number of systems to elicit the most 

suitable configuration of the system. The results 

showed that during a period of low solar radiation, 

the system with the heat pipe had shown uniform 

temperature distribution compared to thermosyphon 

case. However, no appreciable differences are 

observed for the cumulative system efficiency.  

Arora et al. (2011) [2] analyzed evacuated solar tube 

collectors. They have concluded that the temperature 

of the metal plate that is in contact with the inner 

glass tube reaches almost 180°c to 200°c .The 

numerical analysis is used to calculate the heat 

transfer co efficient of the air gap which is calculated 

to be 9.992 W/m^2 K. The high temperature of the 

inner tube causes the emitted losses and the 

evacuated space will provide it a straight part to 

escape from the inner tube. 

Hayek et al. (2011) [3] carried out Experimental 

investigation of the performance of evacuated tube 

soar collector under Eastern Mediterranean climate 

condition. The experiments were carried out to 

compare the performance of two different types of 

evacuated tube collectors namely, water in glass tube 

collector and heat pipe tube collector. The 

experiments were carried out in eastern environment 

and in winter season. The results show that the heat 

pipe based collectors are better than the other one and 

their efficiency is almost 15 to 20 % higher. Their 

payback period is however much higher owing to 

their higher initial cost in market so, even though the 

performance of water in glass evacuated tube is 

poorer, it is widely used.  

Badar et al. (2011) [4] evaluated Experimentally and 

theoretically the overall heat loss co-efficient of 

vacuum tubes of a solar collector with regard to the 

pressure of the remaining gas inside the evacuated 

glass envelope. An experimental strategy was 

described to measure the temperature dependent 

overall heat loss co efficient of a vacuum tube 

collector. 

Muzio et al. (2013) [5]Characterized the thermal 

losses in an evacuated solar collector prototype for 
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medium temperature applications. Design, 

construction and characterization of an evacuated 1.3 

m long, tubular solar collector are presented. A 

selective coating of Ni/ NiO was electrochemically 

deposited on the stainless steel tubular collector. 

Collector losses were characterized up to 200°C. The 

collector can develop the efficiency of 50% at the 

collector temperature of 150°C which means almost 

50% specific heat losses. The relatively high specific 

losses of our collector are the result of a combination 

of high emissivity of selective coating and a strong 

contribution of convective losses in the non-isolated 

metal ends. 

Senjaya et al. (2014) [6] studied effects of the non-

condensable gas on the performance of oscillating 

heat pipe. The effects were investigated on the phase 

change phenomena, flow characteristics and heat 

transfer performance of oscillating heat pipe. They 

have concluded that the NCG decreases the heat 

transfer performance of OHP. 

Yao et al. (2014) [7] evaluated the performance of all 

glass evacuated tube with twist tape inserts using 

CFD. The flow and heat transfer performance of solar 

water heater with different initial temperatures 

(ranging from 273 K to 313 K) with twist tape inserts 

were studied using numerical solution. The results 

indicated that the twist tape reduced the velocity 

magnitude and makes the temperature field more 

uniform. The twist tape inserts help heat transfer at 

relatively high temperature and is not more effective 

to heat transfer at relatively lower temperature. 

Lianget al. (2015) [8] have tried to enhance the 

performance of the solar water heater by analyzing 

the influencing factors such as thermal conductivity 

of filled layer, structure forms of filled layer and heat 

loss coefficient. The results showed that the heat 

transfer between pipes in evacuated tube is one of the 

most important factors which affect the outlet 

temperature of the water. The hollow filled type 

evacuated tubes were developed and analyzed 

theoretically and practically.  The result showed that 

the thermal resistance decreases with the increase of 

thermal conductivity of filler layer. When the thermal 

conductivity is over 10 W/mK, the change of thermal 

resistance is very little. 

Khalipe et al. (2015) [9] studied evacuated tube two 

phase closed thermosyphon (TPCT) solar collector 

with nano fluid. The objective of the proposed work 

was to study experimental performance of the pipe 

evacuated tube solar collector, which uses the 

circular heat pipes with CuO-H2O nano fluid. 

Thermal performance of nano fluid charged two 

phase closed thermosyphon evacuated tube solar 

collector is better than conventional heat pipe 

evacuated tube solar collector. The enhancement in 

instantaneous collector efficiency obtained is 18 to 20 

%. 

Naik et al.(2016) [10] have performed Modelling and 

performance analysis of U-tube type solar evacuated 

tube collector using different working fluidsfor 

predicting the outlet temperature and net heat gain by 

the working fluid.Aqueous lithium chloride solution 

(LiCl-H2O), Water and air are used as working 

fluid.Results of the study showed that the water has 

highest amount of heat energy absorption capacity 

when compared to other two fluids.  

Vestlund et al.(2009) [11]have investigated the 

thermal performance of gas filled flat plate solar 

collectors. They have concluded that the better 

performance can be obtained by using gas filled 

collectors. They have investigated the performance of 

filled collectors with using argon, krypton and xenon 

gases. They all show slight better performance than 

the simple FPC. 

Makhanlall et al.(2015) [12] analyzed and optimized 

the performance of a vapor filled flat plate solar 

collector. They have combined the standard 

thermodynamic method with second law analysis. 

Here in FPSC the confined air was replaced by water 

vapor. The influence of primary variables such as the 

irradiation intensity, absorber emissivity and 

inclination angles are studied. They concluded that 

the performance of vapor filled collector is improved 

when the irradiation intensity is low and absorber 

emissivity is high. 

 

II. PROBLEM IDENTIFICATION AND 

OBJECTIVE 

 

The emissive losses are the base of the problem. The 

emissive losses have higher wavelength and we all 

know that the greenhouse gases have the property of 

absorbing high wave length radiation and allowing 

the low wavelength waves to pass through it. So the 

idea is to capture the emissive losses by use of 

greenhouse gases.  
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The objective of the work is to enhance the 

performance of evacuated tube collector solar water 

heater by utilizing the emitted heat. 

 

III. EXPERIMENT 

 

The series of experiments were conducted at 

Visnagar (23.6977˚N, 72.5382˚E) on 3rd  June 2018 

to 9th June 2018. The Experimental procedure is as 

below 

Step 1: Building two prototypes of solar water heater 

using evacuated tube collector. One of them is having 

a glass box over the array of evacuated tubes and the 

confined space between evacuated tubes and glass 

box is filled by carbon dioxide gas. 

 

Step 2: Tank of both heaters is fully filled with water 

and temperature of water is measured at the interval 

of an hour throughout the day. Atmospheric 

temperature and solar irradiation is also measured 

simultaneously to measure falling energy on 

collector. 

 

Step 3: The difference of water temperature in both 

the heaters is calculated at the end of each hour and 

also their hourly collection efficiency is calculated 

for each hour. 

 

Step 4: The water temperature and efficiency for each 

hour is compared. 

 

IV. EXPERIMENTAL SET UP ND RESULT 

 

Fig 1: Experimental set up: Simple and Modified 

heaters 

As shown in figure, There are two solar water heaters 

of same size are used to compare their performances.  

Specification of partes: 

 Evacuated Tubes 

Outer diameter of tube = 55 mm, 

tube = 45 mm, 

Length of tube = 480 mm. 

 

 Glass Box 

The glass box was having top transparent glass and 

bottom mirror of dimensions 460*460 mm. and the 4 

sides were made up of acrylic sheet of size 460*100 

mm. One sheet has 5 linear holes of diameter 59 mm 

so evacuated tubes can pass through them. Two other 

sheets have holes for fixing NRV and air escape 

space. One another hole was drilled in a side cover 

for fixing thermocouple to sense the temperature of 

gas. 

 

 Insulated water Tank 

Capacity: 12.5 ltrs 

Then data was collected as below 

Outlet Temperature and hourly collection efficiency 

for simple heater(T1, η1) and modified heater(T2, 

η2) were calculated and graphed for three days. One 

set of those graphs are as follows. 

 
Chart 1: Temperature Comparison 

Chart 2: Hourly Collection Efficiency Comparison 



© November 2019 | IJIRT | Volume 6 Issue 6 | ISSN: 2349-6002 

IJIRT 148783 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 133 

 

From the above graphs, It is clear that the outlet 

temperature and hourly collection efficiency both can 

be slightly increased by use of the co2 gas. 

 

V. CONCLUSION 

 

From the above experiment, Following results can be 

concluded, 

 The outlet temperature of water and hourly 

collection efficiency of water both can be  

improved by use of co2 gas in collector, but this 

is not proper way to utilize gas in collector so 

better construction of collector may be made 

using the same principle. 

 In actual solar water heater (where water is 

actually in so much quantity compared to model) 

we may not be even able to see noticeable 

improvement in efficiency, even though the 

heated gas will provide warm surrounding to 

evacuated tube and definitely decrease the heat 

losses in night as well as in some cloudy part of 

a day. 
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