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Abstract The experimental performance of a parabolic solar dish collector is
investigated in this paper. The collector is located at Karunya University,
Coimbatore (Longitude 76° 59" and Latitude 11° 00") Tamil Nadu. The diameter of
the collector is 1180 mm with the depth of 310 mm. The diameter of the absorber
which is made up of copper is about 75 mm and height is 200 mm for a concen-
tration ratio of 10. The performance of the collector is evaluated without and with
nanoparticles, under various operating conditions. It is observed that, without
nanoparticles, the temperature of the water in the storage tank increased from 35 to
85 °C. When aluminium oxide nanoparticles (0.01% volume concentration) are
used, the temperature increased up to 90 °C. The efficiency of the collector is found
to be higher by about 10% when nanoparticles are used.

Keywords Aluminium oxide - Nanofluid - Parabolic collector + Volume
concentration

1 Introduction

As natural resources are decreasing day by day we need some sources of energy as
substitute which are energy efficient, pollution free and economical. Solar energy is
one of these. Solar energy can be used for heating purpose at micro and macro
level. When solar energy is used in heat generation systems like solar dish type
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collectors, the efficiency of the systems can further be increased by using nanofluids
for heat transfer and optical absorption. Higher optical efficiency and thermal
efficiency can be obtained by the parabolic solar dish collectors. A parabolic-shaped
dish concentrator that reflects solar radiation onto a receiver is mounted at the focal
point of the parabolic dish system. The heat collected by the receiver can be used by
a heat engine mounted on the receiver that moves with the dish structure, such as
Stirling and Brayton cycle engines. The shape of the parabola needs to be relatively
precise and concentrator needs to focus the sunlight on the receiver in order for the
parabolic concentrator to be most effective. The utilization of solar energy by
converting it to heat is the principal concern of the solar thermal technology. Solar
energy is collected and concentrated so that higher temperatures can be obtained in
the concentrating type of solar collector. The surface temperature of the sun is the
limit. The solar radiant energy can be more efficiently harnessed by the
Nanofluid-based solar collector compared to conventional solar collectors. Relevant
application of Nanofluids have recently found in industrial applications, applica-
tions requiring quick and effective heat transfer such as, cooling of microchips,
microscopic fluidic applications, etc.

2 Literature Survey

The use of reflectors [1] to concentrate sunlight on the absorber of a solar collector,
reduces the absorber size, which in turn reduces heat losses and dramatically
increases efficiency at high temperatures. The cost of reflectors is significantly less
per unit area than collectors, which is yet an added advantage.

Basic types of concentrating collectors are as follows:

1. Parabolic trough
2. Parabolic dish
3. Stationary concentrating collectors

Li and Dubinsky [2] have worked on a new approach to design a concentrating
dish using flexible petals. In solar collectors, parabolic dish concentrator mirrors are
very important parts as these are used to concentrate the sun rays to the focal point
of the parabola and they should be relatively precise and are expensive to fabricate
and also to transport. Wua et al. [3] proposed a solar thermal power system of
parabolic dish/AMTEC. They worked on a combined system in which a parabolic
dish solar collector was combined through a coupling heat exchanger with an alkali
metal thermal to electric converter (AMTEC). Its overall performance of thermo-
electric conversion was evaluated. Reddy and Veershetty [4] have come up with the
viability analysis of solar parabolic dish collector for Indian conditions. Among
the concentrating solar power systems, the parabolic solar dish collector is one of
the most efficient energy conversion technologies. Sustainable energy generation
can be achieved by the design and implementation of solar parabolic dish power
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plants. Reddy and Sendhil Kumar [5] numerically studied the combined laminar
natural convection and surface radiation heat transfer of parabolic solar dish col-
lector in a modified cavity receiver.

Arulkumaran and Christraj [6] presented experimental platform where steam is
generated by non-tracking paraboloid solar dish collector. The design, development
and performance characteristics were done in this experiment. Sagade and Shinde
[7] evaluated the performance of the solar parabolic dish collector for industrial
purpose. From Indian point of view there is a huge possibility for low cost solar
water heating systems. The needs of the industrial sector can be fulfilled by this
system. El Ouederni et al. [8] explains about the experimental study they had done
on parabolic solar collector. The obtained results describe correctly the awaited
physical phenomenon. Taylor et al. [9] presented the applicability of nanofluids for
various type of solar collectors. The introduction of nanoparticles to conventional
working fluids (i.e. nanofluids) can enhance heat transfer and solar collection. The
paper explains about a notional design of this type of nanofluid receiver. Sayantan
Mukherjee and Somyjit Paria [10] presented a brief review to provide an update
about the preparation and stabilization methods of nanofluids.

2.1 Inferences from the Review of Literature

From the literature review, it is inferred that no work has been done in order to
estimate the characteristics of a parabolic dish collector with nanofluid. An attempt
has been made to conduct performance evaluation of dish type solar collector with
nanofluid of different volumetric concentrations for various operating conditions.

3 Experimental Studies

3.1 Experimental Set Up

The schematic representation of the experimental set up and its photographic view are
shown in Figs. 1 and 2, respectively. The concentrator consists of a dish type frame
and a stand. The material used for frame is Aluminium. The stand is made up of mild
steel bars and bushes arc provided for proper seating of bearings. Reflectors are one of
the important components that are of greater importance for a parabolic dish con-
centrator. The reflector used in the experimental set up is Aluminium foil which is
cheap, durable, long life can cut using latest techniques to required shape and size.
The absorber tube has a diameter of 75 mm and a height of 200 mm. Copper is
used because of its high thermal conductivity. The cylinder is placed at the focal
point of the concentrator, which has an inlet and an outlet which consists of two
thermocouples of K-type for reading the temperature of the water at two different
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Fig. 1 Schematic of the
experimental setup

Fig. 2 Photographic view of
the experimental setup
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points and a third one is provided for measuring the temperature of the fluid in the
tank. The focal length of the collector is 298 mm.

3.2 Experimental Procedure

The absorber is fixed in the focal point of the concentrating collector. Fluid
(Water/nanofluid) from the storage tank is allowed to flow through the absorber
tube. For all the fluids a constant mass flow rate of 0.058 kg/s and the average
radiation of 560 W/m? was considered. The following observations are taken for
every half-an-hour: (1) Solar insolation. (2) Ambient temperature. (3) Water inlet
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temperature. (4) Safer outlet temperature. Mechanical tracking mechanism is used
so as to tilt the concentrator according to the sun’s movement to trap the radiations.
The experiment is performed in a setup which has an Aluminium sheet as reflector.
A copper absorber cylinder is used. Observations are taken first without Nanofluid
that means with water as working fluid and then it is taken with nanofluid of
volumetric concentration 0.01 and 0.02% one after another.

3.3 Nanofluid Preparation Process

The first step for experimental studies of nanofluid is the preparation of nanofluid.
The two primary methods of nanofluid preparation are single-step and two-step
process. In two-step preparation process base fluids are mixed with commercially
available nanopowders. These nanopowders are obtained by different physical,
chemical and mechanical routes such as grinding, milling and sol-gel and vapour
phase methods. This is the mostly used method.

The device used to stir the nanopowders with host fluids is the ultrasonic vibrator
as shown in Figs. 3 and 4. Frequent use of ultra-sonication or stirring is required to
reduce particle agglomeration. Two-step method can be used to produce alumina
nanofluids. Two-step process is the most suitable process to prepare nanofluids
which contains oxide nanoparticles other than those containing metallic nanopar-
ticles. The major inherently related issue to this operation is stability because these
powders easily agglomerate due to the strong van der Walls forces among
nanoparticles.

Fig. 3 Photographic view of
the sonicator
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Fig. 4 Sonication process
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Fig. 5 Variation of outlet temperature with time

4 Results and Discussion

The variation of outlet temperature with respect to time is shown in Fig. 5. It shows
that there is a considerable amount of increase in the absorber tube outlet tem-
perature when nanofluid (Alumina-water) is taken as working fluid. Since nanofluid
is introduced there is an increase in temperature of about 5-6 °C for 0.01% volume
concentration.

From the above graph, it is inferred that when volume concentration increases
outlet temperature also increases with respect to time. Since the amount of
nanoparticles in the nanofluid increased which leads to increase in the thermal
conductivity of nanofluid results in higher outlet temperature when compared to
water. The variation of tank temperature with respect to time is shown in Fig. 6
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Fig. 6 Variation of tank temperature with time
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Fig. 7 Variation of useful heat gain with time

which indicates that there is a considerable amount of increase in the tank tem-
perature when nanofluid is used instead of using water as working fluid. Since
nanofluid is introduced there is an increase in temperature of 6 °C for 0.01%
volume concentration. The useful heat gain difference with respect to time is shown
in Fig. 7. It shows that there is a temperature difference due to nanofluid of 0.01%
volume concentration.

From the graph, it is clear that when volume concentration increases useful heat
gain also increases with respect to time. Since the amount of nanoparticles in the
nanofluid increased which increases the thermal conductivity of nanofluid and
therefore, considerable amount of increase in heat gain is obtained. The transmit-
tance of the absorber material affects the thermal efficiency of the system.

The measured and estimated parameters of uncertainities are given in Table 1.
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Table 1 Details of
uncertainties
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S. No. Measured/estimated parameter Uncertainty
1 Temperature +0.5 °C
2 Mass flow rate +0.20%
3 Radiation +0.50%
4 Useful heat gain +3.26%
5 Collection efficiency +3.30%
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Fig. 8 Variation of collection efficiency with time

The variation of collection efficiency with respect to time is shown in Fig. 8
which shows that there is a considerable amount of increase in collection efficiency
when nanofluid is applied instead of water as working fluid. Since nanofluid is
introduced there is an increase collection efficiency of about 2-3% for 0-0.02%
volume concentration. It is inferred from the experimental studies that when volume
concentration increases collection efficiency also increases with respect to time.
Since the amount of nanoparticles in the nanofluid increased which increases the
thermal conductivity of nanofluid and so considerable amount of increase in col-
lection efficiency is obtained. The amount of solar energy that is concentrated on the
receiver of the collector and before the heat is transferred to the liquid that flows
along the receiver. Solar energy is drawn by the nanoparticles and transferred to the
liquid. The thermal conductivity of nanofluid is better than that of water. Therefore,
use of nanofluid gives better collection efficiency.
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5 Conclusion

An experimental investigation on the of a parabolic dish type solar collector with
nanofluid is done in this study. System’s performance has been compared with and
without nanoparticles (aluminium oxide). It is observed that, for a volume con-
centration of 0.01%, the tank temperature reached a maximum of 90 °C with
collection efficiency of 32.08%. When the volume concentration is increased to
0.02% a maximum collection efficiency of 32.8% as compared to the 30.07%
achieved without nanofluid, has been obtained. It is inferred from Figs. 5, 6, 7 and 8
that when the nanoparticle is introduced with 0.01% concentration, the output
parameters such as temperature, useful heat gain and collection efficiency of the
system increases compared to that of water. However, when the volume concen-
tration of nanoparticle is increased from 0.01 to 0.02%, the output parameters do
not increase due to good stability exhibited by nanoparticles at 0.01% optimum
concentration.
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