
International Conference on Energy Efficient Technologies For Automobiles (EETA’ 15) 
Journal of Chemical and Pharmaceutical Sciences                                                                          ISSN: 0974-2115 

JCHPS Special Issue 6: March 2015                                                   www.jchps.com      Page 228 

EXPERIMENTAL AND COMPARATIVE STUDY ON SOLAR WATER 

COLLECTOR USING CO2 
R. Vijayarahavan, P. Navaneetha Krishnan 

Department of Thermal Engineering University College of Engineering Bit campus, Tiruchirappalli, Anna 

university, Chennai 600 025 

*Corresponding author E.mail: rahavan.r25@gmail.com 

ABSTRACT 

 A solar collector using water as the working fluid and In order to investigate and estimate the CO2 used 

solar collector, an experimental setup was constructed, which is different from those of traditional solar collector. 

We have optimized solar water heating using CO2 in the heated cabin/box. CO2 has retained more heat in the 

cabin/box due to greenhouse effect.   This has increased the net heat effect by 11°C at constant pressure and 

atmospheric temperature. The collector has been tested under various weather conditions. As a future scope of 

work the effect of temperature increase at different pressure of CO2 inside box will be studied. This study shows 

the potential of the supercritical CO2 used solar collector in the field of solar thermal utilization. 
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INTRODUCTION 

Utilization of solar energy is highly recommended in the recent years, because of the rapid depletion of 

fossil fuels and increasing environmental degradation resulting from the use of conventional energy resources. 

Among the various solar thermal applications, use of solar energy for domestic hot water production has more 

significance. Due to the abundance availability of solar energy in India, the use of domestic solar hot water systems 

is increasing day by day. Solar energy has the greatest potential of all the sources of renewable energy and if only a 

small amount of this form of energy is used, it will be one of most important supplies of energy especially when 

other sources in the country have depleted. Energy comes to the earth from the sun. This energy keeps the 

temperature of the earth above that in colder space, causes current in the atmosphere and in the ocean, causes the 

water-cycle and generates photosynthesis in plants. 

The growing popularity of SWH systems is fueled by their environmentally friendly operations with 

minimal system maintenance and operation costs as compared to conventional water heating systems. Extensive 

investigations have been carried out utilizing various types of collectors, working fluids and storage tanks both 

theoretical and experimental studies to improve the thermal efficiency of the SWH system. Most of the 

conventional SWH systems utilize water as the heat transfer fluid which cannot be used in solar‐adverse regions. 

This is due to the fact that water‐based collectors are susceptible to freezing. Researchers have tried other types of 

working fluids such as fluorocarbon and hydro‐fluorocarbon refrigerants. Although these refrigerants do not 

damage the ozone layer, many of them do have high greenhouse warming potential (GWP).  The selection of a 

working fluid plays a very significant role in the development of an efficient, cost effective, and environmentally 

friendly SWH system that can function even when exposed to low ambient conditions. In the proposed study, 

environmental benign carbon dioxide (CO2) is selected as because of its zero ozone depletion potential (ODP) and 

negligible GWP. CO2 is a non‐freezing, nonvolatile, non‐flammable, non‐corrosive, and non‐toxic natural 

substance. In addition, it does not need to be recovered or reclaimed when repairing or disposing the equipment, 

but can be released into the atmosphere with negligible impact. More importantly, the thermodynamic and transport 

properties of CO2 are favorable in terms of heat transfer.  

MATERIALS AND METHODS 

In order to study the CO2-based collector characteristics well a closed CO2 box including the collector is 

necessary. It consists of a solar collector array and flow regulating valve. The Experimental set-up is shown in 

Fig.3. The solar collector is used to heat CO2 contained in heating channels and increase CO2 temperature. Solar 

collector consists of well-sealed box/cabin made up of wooden material with glass surface on top of the box for 

absorbing solar radiation. It contains inlet and outlet header made up of copper for circulating the water. 

Absorption sheet is placed at base of the wooden box for absorbing the solar radiation. Both the headers are 

connected with ten copper tubes. Provisions are made to maintain CO2 atmosphere in the sealed box/cabin. Solar 

collector has assembled with wooden plywood of dimensions 750 × 450 × 100 mm, which is pasted with wooden 

glue. The wooden box has a thickness of ½ inch, where the three side of the box is covered with wooden piece. 

Glass is made up of silicon-di-oxide (SiO2).The glass has the dimensions of 700× 400 × 5 mm. 
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      Surface painted black is quite good in absorbing solar radiation. This coating with a high solar absorptive0.927 

and a low emissivity 0.193.Appropriately curved shiny surface can reflect and focus solar radiation into the solar 

water heater. Glass is a good thermal insulator it can withstand high temperature, let in solar radiation and may 

produce greenhouse effect inside the solar water heater. Make sure heat loss due to convection is reduced by 

covering all holes or openings and easy access to the inside of the solar heater for the placement of thermometer or 

temperature sensor. The proposed design (Fig. 3) provides an environmentally-friendly alternative for heating 

needs and can be easily mounted anywhere on a wall or roof. This design serves as a promising potential to supply 

hot water in solar-adverse regions especially for those living in apartment blocks with south-faced outside walls 

and windows. The other components of the system can be combined in a compact way and installed inside a 

building to avoid the adverse weather related issues. 

 

   
Fig.1 CAD modeling of flat plate 

collector. 

Fig.2 CAD modeling of flat plate 

collector 

Fig.3 Front view of solar 

water collector 

Table.1.Water outlet temperatures 

 
RESULTS AND DISCUSSIONS 

Based on the experiment carried with CO2 in the solar collector it has been observation that there is an 

average increase of water outlet temperature by 11°C (Theoretically 3.5 °C). 

Table.2.Average Outlet Temperature 

 With CO2 Without CO2 

Average outlet temperature 54˚C 43˚C 

CONCLUSION 

The problems associated with present day evacuated tube solar collector can be rectified with the newly 

developed system. In the presence of low solar radiation, the behaviour of CO2-based system will be better than 

water based system. The commercial evacuated tube collector with water as heat transfer fluid cannot produce 

instant hot water at 60°C in the presence of low solar radiation within short period of time. The cost benefit studies 

and degradation characteristics of CO2-based system are being studied for further improvement of the system. 
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