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Abstract: Due to the growing demand of energy and lesser availability of fossil fuels there is a shift in our
energy concern towards renewable energy sources. There is no doubt that from all the available sources, solar
energy is the best option with its minimum environmental impact. Now a days different types of solar collectors
are widely used to harvest solar energy. It has been found that performance of the solar collector depends upon
the characteristics of the working fluid which is used to harvest solar energy in solar collector. In the present
work the effect of Al,0;-H,O based nanofluids on the direct absorption type solar collector has been
investigated experimentally. Nanofluids are the new class of the fluids with their improved properties over the
host/conventional fluids. The volume fraction of Al,Oz nanoparticles used is 0.005% and 0.05%. Efficiency of
the collector is calculated for different mass flow rates (60, 80, 100 mi/hr) of Al,05-H,0O based nanofluids. From
the results obtained by performing experiments, it has been found that collector efficiency increases about to 3-
4% when Al,03-H,0 nanofluids are used as compared to simple water. Comparison of the collector efficiency
for different mass flow rate and different concentrations are done. ASHRAE [4] standards were followed while
performing all the experiments.
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I. INTRODUCTION
Limited availability of fossil fuels and environmental problems associated with them have emphasized
the need for new sustainable energy supply options that use renewable energy. Everyday sun radiates enormous
amount of energy and the hourly solar flux incident on the earth's surface is greater than all of human
consumption of energy in a year [1]. So, problem lies in efficiently collecting and converting this energy into
some useful form. The conversion of solar energy into heat is done with the help of solar collectors. Most
commonly used collectors are simple in construction and are flat plate type collectors. New classes of collectors
which are used to increase the efficiency of the collectors are direct absorption solar collector (DASC) [2]. The
DASC's were firstly proposed in the mid 1970's but the major problem faced by these collectors was the poor
absorption properties of conventional fluids used in these collectors. By the development of new class of fluids
known as nanofluids [3] which show improved properties over the conventional fluids, these type of collectors
can gain importance. In conventional type of flat plate solar collectors they are encountered with three
resistances whereas in case of direct absorption type solar collector (DASC), these three resistances are reduced
to one. The major problem associated with conventional collectors using micro or millimeter sized particles is
their rapid settling. These problems were least observed with the nanofluids. Nanofluids are new class of fluids
in which nanometer sized (1-100 nm) particles of metal/ nonmetals/ metal oxides etc. are dispersed in
conventional fluids. As we move towards the nanometer scale, it has been found that the properties of the
suspension get changed drastically. Based on review of the reported research work, the attempt has been made

to investigate the variation in collector efficiency using nanofluids.

1. NANOFLUID BASED SOLAR COLLECTOR

As Nanofluid based solar collectors are not available commercially, so in this section we are going to
discuss the assumptions and the choices we made in designing the solar collector for this specific application.
As mentioned above nanofluids are the fluids made by dispersing nanometer size metal/non metal/oxides
particles in the conventional fluids. So first of all we made the choice of the base fluid to be used in the
nanofluids. Commonly used base liquids are water, oil, ethylene glycol etc. The choice between these liquids is
determined by the operating temperatures of the solar collectors since, our collector is a flat plate solar collector
which operates between (0°C - 100°C) (i.e considered as low temperature range solar collector). So, taking this
into consideration it has been decided to use distilled water as base fluid, which is cost effective also. In the next
step selection of the nanopowder is done. Although, in market a range of different type of nano-powders is
available, but its use for a particular application depends upon the factors like; easy availability, cost and
comparatively improved properties.  So it has been decided to use Al,Oz nanopowder or alumina powder for
this particular application. The dispersion of nanopowder in the base fluid is done with the help of probe type
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sonicator (Oscar Ultrasonicators) and before each test run sonication is done for 2 hours to ensure the sooth and
uniform dispersion of the nanoparticles in the base fluid. The concentration of the nanoparticles in the
nanofluids is a very important parameter in the absorption of the solar energy. It was analyzed that a very high
concentration results in rapid settling of the nanoparticles and too low concentration results in the decrease in
the absorption of solar energy. So, it was decided to use optimum concentration which will increase the
absorption of solar energy by solar collector and at the same time it will decreases the settling rate of
nanoparticles. The Dimensions of the collector were chosen to increase the absorption of solar energy with the
minimum requirement of the nanofluids. The effect on the performance of the solar collector with variation of
mass flow rate of nanofluids and with volume fraction of nanoparticles has been studied in this experiment.

I EXPERIMENTAL SET-UP
A. Dimensions and material of construction of Direct absorption solar collector
The effective area of the absorber plate is 240x240 mm and the total area of the collector including
wooden box is 300x300 mm. The absorber plate was painted black in order to increase it's absorption properties.
In order to minimize the losses glass wool and thermocol insulation are provided at the side’s walls and at the
bottom. Outer casing of the collector is made of wood. The glazing used is low reflectance glass with
transmittance percentage of 86.3%.
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Fig.1 Dimensions of the flat plate solar collector (All dimensions in mm)
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Fig. 2: Actual view of Di

The absorber plate is black painted copper plate and the size of collector is kept small in order to reduce the use
of nanofluids. The flow of the nanofluids is controlled through the infusion set.

B. Material used
Al,O;3 nanoparticles were purchased from reinste nanoventures pvt. limited.The specifications are:
particle shape:spherical
average parcticle size:40 nm
specific surface: > 10m?/g
purity: > 99.8%
Double distilled water was used as the base fluid throughout the preparation of the nanofluids.
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C. Preparation of Al,O; nanofluids at different concentrations

Firstly the weight of nanoparticles is calculated for different concentrations.weight can be calculated

using this expression as:
X[5] = Vel Vet

Where, Vp=W5;/pp

Veff [10] = Vp + Vf, Vf B Wf / Pt

Quantity of Base fluid (Water), V¢ =500 ml
Density of Al,Os particles, pp= 3.9 gm/cm®
Density of water, ps= 1000 kg/m*

Tab. I1:Mass of nanoparticles required for different volume concentartions

X 0.005 0.05 0.1
(Wt.%)

W, .09912 0.99174 1.98448
(gm)

In order to prepare Al,O3 nanofluids, sonication [8] of the nanoparticles in the base fluid is done for different

times (2-5 hrs).

D. Experimental procedure

The schematic of the experiment is shown in Fig.2. The solar collector was eperimentally investigated
at Thapar University patiala, India. The flow rate of the nanofluids is controlled through the infusion set. Small
collector size is used in order to reduce the quantity of nanofluids used. Nanofluids were stored in a bottle which
was capable to supply desired mass flow rate of nanofluid.The inlet and outlet temperatures were measured with
the help of digital thermometer (Mex Tech). Pyranometer (Kipp and zonen) [9] was used for calculating the
global solar irradiation values .Various results in the graphical form were plotted between collector efficiency vs

mass flow rate, temperature difference vs time and efficiency vs time.
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Fig. 3 Kipp and zonen pyranometer

E. Method of testing of solar collector

ASHRAE standards 93-77[4,8] were followed for testing the thermal performance of DASC. The
thermal performance of DASC is determined by calculating the instantaneous collector efficiency for different
mass flow rates and at different temperature difference. Mathmatical relation used to determine the collector

efficiency is given as following:

Collector efficiency [6]

n=m Cesf (T2 - Tl)/GTA (l)
Mass flow rate [7]

m = pef X AXV 2
Effective density of nanofluid

pett = (1 — @p) pr + @ppp 3
Volume fraction

0p= Vpl(Vy + V) @

Specific heat [7]
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Cerr = {(1 - (Pp) psCe + (Ppppcp} / Peff (5)
where

n = Instantaneous efficiency(%)

m= Mass flow rate of the working fluid (ml/hr).
Cer= Effective specific heat of the nanofluids(kj/kg°c).
T,= Outlet Temperature of the working fluid(°c).
T1= Inlet Temperature of the working fluid(°c).
Gt = Global solar irradiation

A=Area of the absorber plate(m?)

per = Density of the nanofluids(kg/m?®)

¢p= Volume fraction of nanoparticle

pp= Density of nanoparticles

Vp= Volume of the nanoparticles

V&= Volume of the base fluid

IV. RESULTS AND DISCUSSIONS
A. Variation of collector efficiency and temperature difference for water at different mass flow rates

Efficiency vs Time (For Water)
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Fig. 4: Collector efficiency for water at different mass flow rates

Figure 4, shows the variation of collector efficiency at different mass flow rates and at different instants of time.

As mass flow rate is increasing collector efficiency is also increasing due to the higher numerical value of the
mass flow rate. Also the graph shows the same pattern around 1:00 pm because of higher value of global solar
irradiation which is in denominator of the collector efficiency expression.

Temp. Diff. vs Time (For Water)
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Fig 5: Variation of temperature difference for different mass flow rates at different instants of time
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Figure 5 clearly shows the increase of temperature difference with low mass flow rate because at low mass flow
rates heat absorption by the working fluid is high. Maximum temperature difference is obtained at near about

1:00 pm.

B. Variation of collector efficiency and temperature difference for Al,03-H,O based nanofluids for
0.05% volume concentration
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Efficiency vs Time (Al203 - Nanofluids)
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Fig. 6: Collector efficiency for Al,03-H,0 nanofluids for different mass flow rates at different instants of time.

From fig 6 the efficiency of the collector increases for the nanofluids as the mass flow rate increases. Minimum

collector efficiency is obtained at 1:00 pm due to the higher value of global solar irradiation

43

Temp. Diff. vs Time (For Al203 - Nanofluids)
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Fig. 7: Variation of temperature difference for Al,Os for different mass flow rates at different instants of time

Figure 7 shows that for lower mass flow rates the temperature difference is higher and Maximum temperature
difference is obtained near 1 and 2 pm.

C. Comparison graphs for water and Al,O; for different mass flow rates

6.5

Efficiency(%0)

55

Efficiency Comparison (for 60ml/hr)

\

10.00AM  11:00AM 1200PM  L1.00PM  200PM  3:00 PM
Time

== Water_60ml/hr
== AI203_0.05_60ml/hr

Fig. 8: Variation of efficiency of Al,Os for 60 ml/hr at different instants of time
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Efficiency Comparison (For 80 mihr)
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Fig. 9: Variation of efficiency of Al,Os for 80 ml/hr at different instants of time

Efficiency Comparison (For 100 ml/hr)
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Fig.10: Variation of efficiency of Al,O5 for 100 ml/hr at different instants of time.

From Fig 8, Fig 9, Fig 10 it has been observed clearly that there is an increase in efficiency of the collector after
using the nanofluids. Although, effciency is not constant with time. There is a slight decrease in the efficiency
near at 1:00 PM due to the higher value of global solar irradiation and smaller size of the collector. It has been
also observed that as the mass flow rate of the nanofluids is increased, the efficiency of the solar collector also
increases. Where as, with increase in the mass flow rate the temperature difference decreases. This can be due to
the reason that with lower mass flow rate nanofluid has more time to absorb solar radiations and gain more heat.

V. CONCLUSION

The effect of Al,03-H,O based nanofluids as absorbing medium in a direct absorption solar collector is
studied. Effect of mass flow rate, nanoparticles mass fraction is studied .The results showed that at 0.05% (wt
%) nanofluid increases the efficiency of the collector by 3-5%. So there is scope to improve the harvesting of
the solar energy. It is suggested that higher efficiency of the collector can be obtained by minimizing the losses
and preventing the settling of the nanoparticles. The size, shape and volume fraction of the nanoparticles in the
nanofluid nanofluids effects directly the collector efficiency. More development in the nanofluids properties and
their relevant use in the solar energy harvesting will leads to the more research in this field.
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