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Abstract

As conventional sources of energy (especially
fossil fuels) continue to deplete and pose, more and
more environmental challenges day by day, there is a
need to shift towards non-conventional sources of
energy. Solar energy being the original form of
energy, abundantly available and free from
environmental hazards, attracts our attention.
However, being dilute form of energy, harnessing
solar energy employs the need of either solar photo-
voltaic or concentrating solar power (CSP)
technology. Of the two technologies, CSP is more cost
efficient and suitable for a developing economy like
India. In the present research paper, experimental
evaluation of the performance of a prototype solar
collector using convex lenses for CSP is presented.
The performance was analysed for varying mass flow
rate of the working fluid for five days over a span of
two seasons. The experimental evaluation showed that
the prototype solar collector’s efficiency was more or
less constant at 68.5% for all the values of mass flow
rate, with maximum efficiency of 68.69% for a mass
flow rate of 0.23 kg/h.

Keywords: solar energy, concentrating solar power,
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I. INTRODUCTION

The world today is facing challenges related
to energy sources and their efficient utilisation. The
challenges vary from limited supply of conventional
sources (especially fossil fuels) to environmental
threats posed by them. For the solution, non-
conventional sources especially sun is in the purview.
To summarise in the words of Ex. P.M. of India, Shree
Manmohan Singh “Our vision is to make India’s
economic development energy-efficient. Over a period
of time, we must pioneer a graduated shift from
economic activity based on fossil fuels to one based
on non-fossil fuels and from reliance on non-
renewable and depleting sources of energy to
renewable sources of energy. In this strategy, the sun
occupies centre-stage, as it should, being literally the
original source of all energy. We will pool our
scientific, technical and managerial talents, with

sufficient financial resources, to develop solar energy
as a source of abundant energy to power our economy
and to transform the lives of our people. Our success
in this endeavour will change the face of India. It
would also enable India to help change the destinies of
people around the world [1].” Thus, the research in the
field of harnessing and efficiently utilising solar
energy is all the more necessary.

Solar energy is the earliest form of energy
known to mankind, but perhaps the least utilised.
Solar energy is globally distributed and free from
depletion or embargo and present no environment
problems, and is very large, inexhaustible source of
energy. The power from the sun intercepted by the
earth is approximately 178 billion MW, which is about
10,000 times more than the present energy demand.
Thus in principal, solar energy could supply all the
present and future energy needs of the world on a
continuing basis. This makes it one of the most
promising of the non-conventional energy sources [2-
4].

Although abundant, solar energy impinging
on the earth’s atmosphere is relatively dilute (approx.
1352 W/mP). Traversing the earth’s atmosphere dilutes
it further by attenuation, local weather phenomena and
air pollution. Moreover, solar energy is received only
intermittently at any point on the earth [5,6]. However,
areas lying between 30 °N to 30 °S latitudes, receives
maximum solar radiations. So, India (8°N to 32°N) is
one of the few countries for having been blessed with
abundant solar radiations. On an average, India’s
annual solar energy potential is about 7000 MJ/m?,
whose effective utilisation can provide solution to the
challenges posed by conventional energy sources [7,8]

As of today, there are two technologies
available to harness solar energy viz. solar photo-
voltaic (SPV) and concentrated solar power (CSP). Of
the two, concentrated solar power is more cost
effective and can be incorporated at local level
without the need of elaborate set-up as needed in the
case of solar photo-voltaic. The cost effectiveness is
the major criteria for selecting a technology in the case
of developing economy like India, where investment
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in new technologies is a necessity and not a leisure.
Thus, concentrated solar power can provide for the
energy demand of the rural and impoverished areas of
India.

Many researchers have contributed to the
study of CSP using various collectors [9-23]. However,
a need was felt for further research using convex
lenses as solar collector to concentrate solar power.
For the reason, a convex lens CSP prototype solar
collector was designed and fabricated with the
following objectives.

a) To experimentally evaluate the effect of
varying mass flow rate of the heat transfer
fluid on the outlet temperature, overall heat
loss coefficient and efficiency of the
prototype solar collector.

b) To experimentally verify the potentiality of
the prototype solar collector.

Il. MATERIALS AND METHODS

As no standard procedure was available for
designing a solar collector using convex lens, the
design was done by adopting the methods employed
by the previous researchers [24-30]. The prototype
solar collector thus developed is as shown in Plate 2.1
below.

Plate 2.1 Experimental Set-up

> o

solar collector i.e. the

The prototype
experimental set-up consisted of various parts whose
description and specifications are as given in Table 2.1
below.

Table 2.1 Description and Specifications of Prototype’s

Parts
Sr.
Name of the . .
No Component Dimension
1 Solar Collector Box 70x14.5%x21
(Plywood) cm®
Diameter of .
2 Convex Lens (Glass) 10 cm (4 in)
3 Number of Convex 6
Lenses
Thickness of 1.5 cm (at the
4
Convex Lens center)

5 Focal Length of the 185 em
Lens
Diameter of "
6 Receiver Tube 62?;3:’;‘ (/4
(Copper)
Capacity of Supply _
! Tank (Steel) 2 liters
Manual Tracking ;
8 Mechanism (Iron) 90x15x200 cm
Thermocouple
9 Wire (Iron 12m
Constantan)

A. Principle of Working of the Convex Lens

A convex lens is a converging lens. When
parallel rays of light pass through a convex lens the
refracted rays converge at one point (Figure 2.1)
called the principal focus. The distance between the
principal focus and the centre of the lens is called the
focal length.

As solar energy is diluted form of energy,
therefore, converging of sunrays at a focal point so as
to increase the concentration is the only means to tap
the diluted solar energy. The concentrated solar
energy can then be used for a variety of activities from
heating to running a power plant.

convex lens

focal point

b focal length

Fig. 2.1 Convex Lens

B. Test Procedure

The experimental evaluation consisted of
using water as the heat transfer fluid. The water was
chosen as for its ready availability, however,
precautions were taken to use RO (Reverse Osmosis)
purified water so as to make the working fluid devoid
of any physical or chemical contaminations.

The experimental evaluation was performed
with an aim to study the effect of mass flow rate of
water on the prototype solar collector’s performance.
The evaluation was done for five clear sunny days,
during 16™ May to 17" May, 2014 (Day1 — Day2) and
21% January to 23" January, 2015 (Day3 — Day5), on
the rooftop of 90 — Abhinandan Nagar at Indore
(M.P.). The experimental observations were taken for
mass flow rates of 0.41 kg/h, 0.23 kg/h, 0.50 kg/h,
0.66 kg/h and 1.00 kg/h for those five days
respectively.
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As for the constructional similarity of the
prototype solar collector’s panel with the flat plate
collector (FPC), the performance of the prototype
solar collector was evaluated in the same manner as of
FPC. The collector’s efficiency is the measure of
collector’s performance and is defined as the ratio of
the useful heat gain by the collector over any time to
incident solar energy over the same period of time.

The description of various instruments used
for experimental measurements is as shown in Table
2.2 below.

Table 2.2 Description of Instruments

Instrument Make Purpose/Meas.
Lux Meter Lutron Solar
Electronics Intensity
Anemometer Lutron Wind Speed
Electronics
Dig. Temp. Perfect Temperature
Ind. Electronics
Thermometer Omron Temperature
Water Beaker Hazel Water
Stop Watch Sony Xperia Time
Z3

I1I.LRESULTS AND DISCUSSION

The data collected through experimental
observation during the aforementioned five days, were
analysed and represented in graphs as shown below.

Variation of Max. Solar Intensity over days
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Fig. 3.1 Variation of Maximum Solar Intensity over Days
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Fig. 3.2 Variation of Outlet Water Temperature with
Mass Flow Rate of Water
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Fig. 3.3 Variation of Overall Heat Loss Co-efficient with
Mass Flow Rate of Water
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Fig. 3.4 Variation of Collector’s Efficiency with Mass
Flow Rate of Water

In figure 3.1, Variation of Maximum Solar
Intensity is plotted against the Day. The maximum
solar intensity is observed as 1125 W/m? on the 2™
Day of the testing i.e. 17" May, 2014. The reason for
the observation is self-explanatory, as solar intensity is
more during summers as compared to winters, and
moreover, sky was clearer on 17" May, 2014 as
compared to 16" May, 2014.

In figure 3.2, Variation of Outlet Water
Temperature is plotted against the Mass Flow Rate of
Water. The outlet water temperature is found to
decrease from 67 °C at 0.23 kg/h to 46 °C at 1 kg/h,
thus showing reduction in the outlet water temperature
with increase in the mass flow rate of water, as for the
obvious reasons. A regression equation y = - 26.85x +
71.95 was developed and plotted along the
experimentally calculated data, having r.m.s value of
R? = 0.997. The regression equation thus developed
was calculated based on the maximum temperature
obtained for the given mass flow rate. The regression
curve varies slightly with the experimentally carved
curve.

In figure 3.3, Variation of Overall Heat Loss
Co-efficient is plotted against the Mass Flow Rate of
Water. The overall heat transfer coefficient was
calculated using Klein’s Formula for all the values in
order to study the effect of mass flow rate of water.
The overall heat losses varies from 25.28 W/m°K at
0.23 kg/h to 24.81 W/m?K at 1 kg/h. Thus, slight
decrease in overall heat loss co-efficient is observed
with increase in mass flow rate of water. A regression
equation y = -0.46x + 25.27 was developed and
plotted along the experimentally calculated data,
having r.m.s. value of R?> = 0.402. The regression
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curve slightly varies with the experimentally carved
curve.

In figure 3.4, Variation of Collector’s
Efficiency is plotted against the Mass Flow Rate of
Water. The collector’s efficiency varies very slightly
or in other words remains almost constant at 68.5%,
for all the values of mass flow rate of water. This
indicates a consistent performance of the prototype
solar collector. A regression equation y = 0.472x +
68.24 was developed and plotted along the
experimentally calculated data, having r.m.s. value of
R? = 0.907. The regression curve fitted well with the
experimentally carved curve.

1IV. SUMMARY AND CONCLUSIONS

The present research work aimed at
experimentally analysing the performance of a
prototype CSP solar collector using convex lens for
varying mass flow rate of heat transfer fluid i.e. water
in the present case. For the purpose, mass flow rate of
water was varied from 0.23 kg/h to 1 kg/h, and tests
were carried out over the two seasons of summer and
winter. From the experimental analysis following
conclusions were drawn.

a) It was found that with the increase in mass flow
rate of water; the outlet water temperature
decreased from 67 °C at 0.23 kg/h to 46 °C at 1
kag/h, overall heat loss coefficient decreased
slightly from 25.28 W/m?K at 0.23 kg/h to 24.81
W/m?K at 1 kg/h, whereas, the prototype solar
collector’s efficiency remained nearly constant
around 68.5% for all the values of mass flow rate.

b) The prototype solar collector was experimentally
verified as a potential solar collector.
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