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Abstract This study compared the impacts of using copper nanofliud to enhance the
efficiency of flat solar collectors with closed loop and under forced convection heat
transfer circumstances to traditional work fluids. Various concentrations of nanoparticles
in water and water/glycol, from 250ppm to 3000ppm, were examined for volume fraction
impact. Results indicate that the laboratory tests were different from those under real
conditions because of the high concentration of nanoparticles used in laboratory tests;
however, by using nanofluid (even with low concentrations around 0.3%) solar collector
efficiency improved (3.2%).Results have also shown that the use of copper nanofluid in
ethylene glycol as the base fluid causes a significant reduction in collector efficiency, due
to the increase in viscosity. However, using higher flow rates caused the heat transfer rate
to rise because of increased turbulence.

1. Introduction
A considerable number of investigations into the effects of nanofluids in heat transfer have been done
in laboratories and the positive impact of these types of fluids on the heat transfer phenomena is
proved. Similar investigations also have been done to report the experimental results and the potential
performance of using nanofluids in solar thermal collectors. Natarajan used multiwall stabilized
carbon nanotubes (CNT) in water to evaluate the changes in thermal conductivity in relation with the
base fluid (water). He concluded that nanofluid has a higher coefficient of thermal conductivity than
water, and if this nanofluid is used in a solar collector, efficiency will increase [1]. Tyagi investigated
the efficiency of a direct absorption solar collector containing nanofluids under numerical comparison
with a conventional flat plate collector. He used aluminum nanoparticles, and in this collector model,
he showed that performance under normal operations was almost 10% more than performance of the
conventional flat plate collector under similar conditions [2]. Otanicar carried out an experimental
study on the effects of using nanofluids in a microsized direct absorption collector and showed that it
had a positive effect of about 5% on collector efficiency [3]. Furthermore, he used his research results
for an economic evaluation of using nanofluid in solar collectors in 2009. According to his results [3],
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a collector containing nanofluid had higher thermal efficiency and required less auxiliary energy,
which led to the production of less greenhouse gases [4].
The purpose of this paper is to use copper nanofluids as the working fluid in the solar system and
examine the effect of nanofluids on the efficiency of the solar collector in real working conditions. For
this, a solar water heater system with flat solar collector was designed and installed with a forced
convection loop. The nanofluids produced of copper nanoparticles with water as the base fluid and
were tested in a solar collector according to the European Standards methods (EN12975). The main
advantage of using copper nanoparticles in this study was that most of the tubes used in the
manufacture of solar collectors are cupreous; therefore, nanoparticles could settle in molecular spaces
at the wall of the tubes and produce cupreous nanofins [5]. These nanofins have a great effect on heat
transfer by reducing the boundary layer effect. Moreover, according to some studies in natural
convection heat transfer, there are no exact results for the positive role of nanoparticles in this case.
Wen and colleagues’ experiments showed that, with a rise in nanoparticles, the natural heat transfer
coefficient decreased [6].Thus, based on certain experiment results regarding the positive effect of
nanoparticles on forced convection [7, 8], this method of heat transfer was applied for tests in the
current study.

2. Theoretical and experimental models
One conventional laboratory method used to study the theory of nanofluids and to compare
experimental results is the transient hot wire experimental method. It is a well known method
generally used to measure the thermal conductivity of nanofluids [1]. But because of the lack of
adequate laboratory facilities and sufficiently accurate equipment, the method used in these
experiments to measure efficiency was the method proposed by EN12975. Therefore, outdoor
experiments have been conducted on the actual conditions of solar radiation. In this regard, laboratory
apparatus was designed and constructed in accordance with the schematic in Fig (1).The flat plate
solar collector used in assembling the system had a 45° angle relative to the horizon. All input and
output data for the collector fluid temperatures, air temperature, and solar radiation levels were
obtained, averaged, and then were applied in equations number (1) to number (3). By using these
points in a graph based on T * and across the line between the points the collector efficiency diagram
could be obtained. The vertical axis represents the thermal efficiency of the collector [9].

Figure. 1- Designed system (based on EN12975) [9].
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Table1- Parameters Index

Ti

collector Inlet temperature, [oK]

To

collector outlet temperature, [oK]

Ta

ambient temperature, [oK]
reduced temperature difference[m2KW-1]

GT

solar irradiance, [Wm-2]

a1

algebraic constants, reference to Tm*, [Wm-2k-1]

a2

algebraic constants, reference to Tm*, [Wm-2k-2]

0

zero-loss collector efficiency

i

collector efficiency with reference to Tm*

3. Results and discussions
The Cu nanofluids were produced by Chemical Vapor Deposition (CVD) and two-step method with
particles in 7nm size [10] and were injected into the closed loop system. Also, to simulate real
conditions and actual function, tests were carried out on a mixture of water and glycol, since actual
conditions of the solar collector’s operation usually comprise between 30% and 40% antifreeze as the
heat transfer fluid. In order to test the effect of different nanofluid volume fractions on efficiency,
nanofluids from a very low level of about 250ppm to 3000ppm were prepared separately to inject at
any stage of testing. Because of the prevailing assumption in the use of copper nanofluids in copper
made tubes (settling nanoparticles in holes in the tube walls and making nanofins), after loading the
nanofluid, a 24 hours retention time was considered. It was observed that as concentrations of
nanoparticles increased, performance improved (Fig.2, Fig 3).
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Figure.2- Collector efficiency enhancement using 500PPM nanofluids and retention time effect on nanofins
formation

Figure.3 - Effect of 3000PPM nanofluids on collector efficiency in comparison with pure water

Other experiments during this study used nanofluids in various flow rates and also used ethylene
glycol as base fluid. As can be seen in Fig. 4, when the flow rate of 2 liters per minute increased to 4
liters per minute, efficiency increased as well (the jumps in collector efficiency). Because of this fact
that with an increasing Reynolds number turbulence rose. Comparing the effect of these parameters on
the calculated values for base fluid (water) showed that these effects increased as flow rate rose. These
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results confirmed the results of other experiments related to the effects of Reynolds on the heat
transfer of nanofluids [11, 12].Due to the higher viscosity of ethylene glycol fluid, collector efficiency
at fixed flow rates with this as the base fluid fell sharply.

Figure.4 - Effect of flow rate on collector efficiency, a comparison between pure water, 250PPM & 2500PPM
nanofluids with water and ethylene glycol (E.G)

Analyses of the effects of varying concentrations of copper nanofluids in the solar collector are
shown in Table 2. Fluctuations existed in data, but the overall trend is indicative of increasing
efficiency with rising particle numbers. Despite using a different method for measuring the effects of
nanoparticles on heat transfer, results of this study are highly similar to results of other studies with
different nanoparticles [13]. Natarjan’s results in low concentrations of CNT particles show an
increase of around 3% to 5% in collector thermal efficiency, which certifies the results of our studies
[1].
Table2-Maximum increase in solar collector efficiency using varying volume fractions of nanoparticles in
comparison with pure water

Concentration [PPM]

250

500

1000

1500

2000

2500

3000

Max Increase in Eff. [%]

3

2.5

1

2.5

3

2.1

3.2

4. Summary
Experiments showed that by increase in concentration, the nanoparticles effects were more significant.
Higher flow rates are allowed for increased heat transfer rates for both water and ethylene glycol as
the base fluid because of the increased turbulence. Another notable consideration for Cu nanofluid in
the collector was the effect of a 24-hour retention time. This indicated that the improved effect of the
nanofins on tube walls was greater with the retention time. It also indicated that the formation of
nanofins on the tube walls reduced the effects of the boundary layer and increased the heat transfer
rate.
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