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In the present work, the performance of aluminum oxide (Al2O3) and
deionized (DI) water nanofluid used as heat transfer fluid on a parabolic
trough solar collector (PTSC) system with hot water generation tank is
evaluated. The parabolic trough solar collector is developed using easily
and locally accessible materials. Five different concentrations of aluminum
oxide and deionized water based nanofluid from 0.5 to 2.5% is prepared by
the magnetic stirrer initially and then the mixture is subjected to
ultrasonication process to break aggregates with the absence of surfactant.
The prepared nanofluids are allowed to flow through the absorber which is
located at a focal point of the solar collector. The performance of nanofluid
is compared with pure deionized water. The test is conducted from 8.00 am
to 16.00 pm daily in the whole length of the test span. The heat transfer fluid
is allowed to flow at a mass flow rate of 0.020 kgs-1 and 0.09246 ms-1
velocities. The maximum solar radiation is 821 Wm-2, and maximum
efficiency is observed at noon time 60.41% for deionized water and 60.49%
for 2.5% volumetric fraction of alumina nanofluid. The efficiency
enhancement was 3.90% than deionized water. The influence of the critical
parameter on the performance is also examined.
Key words: Parabolic trough solar collector, Alumina, Deionized water,
Nanofluid, Volume fraction, Rim angle
1. Introduction
The parabolic trough solar concentrator system is used for unique fields such as power
production [1,2], steam and hot water generation for the domestic purpose [3,4]. The possibilities of
producing hot water using PTSC were discussed. Research work so far done proves that the PTSC
holds good for hot water generation when compared with the non-concentrating type of solar collector.
The concentrated type solar collector of conical geometry was also used for hot water production [5].
The parabolic trough solar collector was used for domestic power generation purpose using the stirling
cycle, where water was used as a heat transfer fluid [6]. Many researchers investigated the
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performance of nanofluid on parabolic trough concentrator, instead of using water as a working fluid
and they compared the performance [7]. Nanosized solid particles mixed in liquid, are known as
nanofluid, was used in the solar collector. Many research works were carried out to analyze the
performance of nanofluid of various types and volume fractions on parabolic trough solar collector.
They detailed the list of various heat transfer fluids such as synthetic oil, therminol VP-I, nitrate
salt:395°C, ionic liquid:459°C, CO2:480°C and sulphur: 490°C which can be used depending upon the
working temperature, operation aspects, storage aspects, safety aspects and cost on parabolic trough
solar thermal power plant [8]. The therminol VP-I, nitrate molten salt, sodium liquid, air, carbon
monoxide, pressurized water, and helium can also be applied as heat transfer fluids [9]. The author
constructed a standard pilot model of parabolic trough collector of with four kinds of receiver namely
black painted vacuumed steel pipe, bare copper tube coated with black chrome coating, non-evacuated
glass tube and vacuumed copper tube with a black coating. The carbon nanotubes of 0.2 and 0.3%
volume fraction were dispersed into the oil to use as working fluid [10-12]. The author used distilled
water based multi-wall carbon nanotube and potassium persulfate as an oxidant. The nanofluid was
prepared with the volume concentrations of 49.9 to 50.1 mg per litre of distilled water for balancing
pumping power. The collector efficiency enhances from 54 to 73% when using multiwall carbon
nanotubes in a glass tube receiver and operating temperature increases from ambient to 80°C [13]. The
author analyzed the forced convection heat transfer of CuO/water and Al2O3/water nanofluid subjected
to flow through the receiver tube of the parabolic trough solar collector numerically [14]. The author
used monte-carlo ray tracing (MCR) method to investigate the effect of rotational and irrotational of
the LS-2 Luz collector on fluid outlet temperature and heat gain, where syltherm-800 was used as heat
transfer fluid. The result proved the rotation of collector has a positive effect [15].
Many authors analyzed and compared the experimental output with the results obtained from
the simulation and other analysis techniques. Numerical [16-19], experimental [20,21], simulation,
numerical [22], analytical [23], modeling, heat transfer analysis work [16,24] and modeling cum
optimization [25,26] were carried out for the purpose of evaluating their results. The author carried out
the modeling of parabolic trough solar collector with a well-mixed hot water storage tank. They
developed the model, and its results were verified with experimental work. The hot water temperature
deviation between predicted and actual is 9.59% only [27]. The author designed the solar dish
collector by solidworks software, to analyze both in optical and thermal mode. Maximum optical
efficiency is obtained at 2.1 m focal length and exergetic efficiency is varied from 4 to 15% depending
upon the inlet water temperature [28]. They investigated the effect of solar radiation on various
performance parameters of parabolic trough solar collector at a different time [29]. The author
developed two hybrid solar collectors with the photovoltaic panel, one fixed above the absorber and
other located on the absorber itself to investigate the conversion ability of solar radiation into heat and
/or electricity [30]. Extensive research work in synthesizing of distinctive types of nanofluid at various
volume fractions either by one step or two-step method was done. Properties of nanofluid were
evaluated, and the performance enhancement was analyzed while using the absorber of the parabolic
trough solar collectors [31-33].
In this present work, the performance of the parabolic trough solar collector is investigated
experimentally while the aluminum oxide/deionized water nanofluid of various volume fractions is
subjected to flow through it. Both the fabrication of PTSC and preparation of alumina nanofluid are
done in the lab. Most of the work carried out so far on PTSC, using nanofluid as heat transfer fluid
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was with shielded type receiver and incurred a high cost. Only very few works were done on the
unshielded receiver with nanofluid. So an attempt has been made to develop the low-cost unshielded
receiver type PTSC by utilizing the locally available materials.
2. Experimental platform
2.1. Parabolic trough solar collector system
The present research work includes two parts: 1) fabrication of a parabolic trough solar
collector; 2) preparation of alumina and deionized water nanofluid. Fabrication of the PTSC system
and preparation of alumina/deionized water nanofluid are done in the lab.
A new low-cost parabolic trough solar concentrator with hot water production system is
developed for this research work. The total cost of the system is around 390 USD. The complete
system includes: 1) aperture-to reflect the solar radiation; 2) absorber-to absorb the radiation reflected
from the reflector (aperture) surface and transferring the heat energy to heat transfer medium; 3) heat
energy storage system-to transfer the heat energy of nanofluid to water through heat exchanger which
is kept in the heat energy storage tank; 4) nanofluid tank-to store the nanofluid; 5) mini submersible
pump-to circulate nanofluid which is placed inside the nanofluid tank. The parabolic geometry [34,35]
is developed by an Eq. (1) and the calculated rim angle is 73.74° as shown in Fig.1. The parabolic
curvature is fabricated by mild steel sheet as per the accurately calculated value. The locally available
plane mirror (τ=0.97) of striped shape is fixed on the curvature to complete the reflector part, which
reflects the incident solar rays equal to the angle of incidence. The selection of the reflector is based
on the availability, reflectivity, and cost. The sketch of the experimental set up is shown in Fig. 2, and
the detailed specifications are given Tab. 1.
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Figure 1. Parabolic structure
The collector is kept on an open terrace (Longitude: 79.3881°E, Latitude: 10.9617°N) oriented
north-south direction and tracked manually in east-west. Tracking was monitored for every 5-minutes
in such a way to receive maximum radiation. The test was carried out from 8.00 am to 4.00 pm every
day for six values of concentration and 0.02 kg/s of mass flow rate. The copper tube is selected as the
receiver due to its high thermal conductivity, and it is painted black to absorb the solar radiation
utmost. The receiver is aligned at a calculated focal point to face the solar radiation from the reflector
surface always. Both the absorber and aperture are supported by a sturdy mild steel structure. The PTC
is oriented in the north-south direction and tracking was carried out manually in east-west at an angle
of 15° per hour, to be in the limelight of the solar radiation always. The temperature indicator is used
to sense the nanofluid inlet temperature, nanofluid outlet temperature, absorber surface temperature,
ambient temperature, and heat energy storage tank fluid temperature. A mini submersible pump kept
in the nanofluid tank is used to circulate the nanofluid continuously through the receiver, heat energy
storage tank and finally to the nanofluid tank at a defined mass flow rate, to complete the fluid circuit.
The rotameter is connected at the entry side of the receiver to control the mass flow rate of nanofluid.
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Table 1. Specifications of PTSC
Design
value

Parameter
Collector length (mm)
Collector width (mm)
Absorber inner diameter (mm)
Absorber outer diameter (mm)
Aperture area (m2)
Focus length (mm)
Mirror radius (degree)
Local mirror radius (degree)

1200
900
16.6
17.2
1.08
300
474
346.5

Rim angle (degree)
Minimum image diameter (mm)

73.74
4.418

Energy storage tank (litre)
Nanofluid tank (litre)

15
5

Mass flow rate (kgs-1)
Concentration ratio (CR)
Reflectivity
Intercept factor
Absorptance

0.020
16.34
0.97
0.91
0.90

Figure 2. Sketch of PTS collector

2.2. Preparation of nanofluid
Nanofluid is prepared by a two-step method. In this method first nanoparticles are prepared then
it is mixed with the base fluid. In our work, the Al2O3 nanoparticles are bought from M/s. Alfa Asear,
and it is mixed with DI water without surfactant presence. The properties of nanoparticle are given in
Tab. 2. The required quantity of nanoparticle for preparing the nanofluid is calculated as per the Eq.
(2) and weight of the particles required per 1000 ml presented in Tab. 3. Actually, it is the ratio of the
volume of nanoparticle (vnp) to the sum of the nanoparticle volume and the base fluid volume (vbf). The
Fig. 3 and 4 show the nanofluid preparation equipment. The calculated quantity of alumina particles is
weighed by an electronic weighing machine. First,the alumina nanoparticles are diluted in DI water
using magnetic stirrer, which is operated at a speed of 500 revolutions per minute for the period of 30
minutes. Then the mixture is subjected to ultrasonication process for 60 minutes, It is an approved and
commonly used technique for nanofluid preparing. Various volume fractions of nanofluid are prepared
such as 0.5, 1.0, 1.5, 2.0 and 2.5%, each of 5000 ml per concentration, to act as heat transfer fluid and
to complete the nanofluid cycle.
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Figure 3. Magnetic stirrer

Figure 4. Ultrasonic bath

Table 2. Specifications of Nanoparticle
Chemical
name
Formula
Make

Aluminum
oxide
Al2O3

Table 3. Weight of np/1000ml

Appearance

White

Surface area

32-40 m2g-1

Concentration
(%)

Weight
(g)

0.5

18.6

1.0

37.2

1.5

55.8

-3

NanoDur

Density

3.72 gcm

Phase

Solid

2045 C

Shape

Sphere

Melting
point
Boiling

Form

Powder

point
Cp

765 Jkg-1K-1

2.0

74.4

Purity

99.5%

K

40 Wm-1K-1

2.5

93.0

o

2980oC

3. Performance tests
The experimental work is carried out on the collector system as shown in Fig. 5, and the
efficiency of the system is determined from the obtained values. The instantaneous efficiency for
different solar radiation intensity, ambient temperature, nanofluid inlet temperature, and wind velocity
are measured. The absorbed solar radiation depends on the reflectivity of aperture material, therefore
the collector surface having good reflectance property will reflect almost all the radiation which is
falling on the surface and it can be calculated [36-38] as per Eq. (3). Both wind loss and radiation loss
influences the heat coefficient and can be calculated by Eq. (4). Wind loss coefficient is affected by
wind velocity, ambient temperature, and absorber surface temperature which are dominating
parameters.
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For the nanofluid flowing inside the tube, first, the bulk mean temperature is calculated. Then,
the properties such as density, kinematic viscosity, dynamic viscosity, specific heat, prandtl number,
and thermal conductivity are to be taken from their thermo-physical property data at bulk mean
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temperature which is calculated experimentally. To
confirm whether the flow is laminar or turbulent, the
value of Re is calculated. If the value of 𝑅𝑒 < 2300,
then the flow is laminar so that the flow is coming under
fully developed hydrodynamic and thermal profile
mode. Therefore, 𝑁𝑢 = 3.7 is considered for constant
wall temperature [34]. If the value is in the range of
2300 < 𝑅𝑒 < 5 × 106 and 0.5 < 𝑃𝑟 < 2000, then the
nanofluid flowing inside the receiver tube ensures the
region of fully developed turbulent flow. The Eq. (5,6)
represented by Gnielinski is used to calculate the
friction factor and Nu for turbulent flow.
Figure 5. Experimental set-up
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There is no variation in the receiver tube dimension and its thermal conductivity, the heat loss
coefficient and inside heat transfer co-efficient dominated the overall heat loss coefficient given in Eq.
(7).
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The actual useful heat gain is the difference between useful heat gain and total heat loss and is
determined by the Eq. (8) and the instantaneous collector efficiency is proportional to the actual useful
heat gain available and it is the ratio of useful heat gain and heat available from the aperture area. It
can be determined from Eq. (9).
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Now the optical efficiency is determined for the various incident angle of solar radiation by Eq.
(9). The optical efficiency (ηopt) only depends on the reflectivity (ρ) of aperture material, intercept
factor (γ), the transmittance-absorptance product of the receiver (τα). Both the incident angle modifier
and end loss were also taken in to account as shown in Eq. (10) while calculating the optical
efficiency.
opt     K    X endloss
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(10)

The transmittance parameter can be omitted due to unshielded type receiver. The inlet
temperature of nanofluid and an outlet temperature of nanofluid, ambient temperature, and the water
temperature are observed using PT-100 resistance temperature detector. The Solar power meter, vane
type anemometer, and rotameter are used to measure the beam radiation, wind speed, and mass flow
rate respectively along with the instrument details in Tab. 4. Each concentration was tested for three
days. Before charging the next concentration, the existing nanofluid is fully drained. To complete the
cleaning process the test run was conducted with deionized water, and then the system is kept in ideal
condition. All these parameters are observed at every five minutes time interval. The parametric values
measured using the instruments discussed here have not deviated over the limit specified by the
ASHRAE standard which confirms that the experimental works are under steady state condition and
considering the uncertainty of the measuring instruments, in mind, the experimental error was
calculated as 2.06%.
Table 4. Details of instrumentation
Parameter
Instrument
Solar radiation
Wind speed
Ambient temperature
Temperature

Model

Solar power meter

TM 207

Vane probe anemometer

AVM 07

RTD

PT 100

Accuracy
± 10 Wm-2
±2% + 0.1 ms-1
0.5°C
± [0.15+0.02(t)]°C

4. Results and discussion
The variation of ambient temperature, bulk mean temperature and surface temperature during
the whole testing period is shown in Fig. 6. It attained highest receiver temperature of 139.82°C, and
the bulk mean temperature at that time is 42.67°C which is the maximum value of testing hour in a
day, from 8.00 am to 4.00 pm. These three temperatures are purely depended on solar radiation and it
increased with radiation and wind velocity. Low wind velocity and high solar radiation offered the
fruitful result in terms of higher receiver temperature which is the reason for the increase in the outlet
temperature of the nanofluid. But at the same time, its heat transfer rate is decreased due to increase
the inlet temperature of the nanofluid where the temperature difference between the inlet and outlet of
flowing fluids (deionized water and alumina nanofluid) is steadily increased from 8.00 am to 11.00
am, and then there is a fluctuation up to 4.00 pm. Both the inlet and an outlet temperature of nanofluid
are varied depending upon solar radiation as shown in Fig. 7. Figure 8 shows the maximum
temperature difference (23.3°C) which is reached at 11.00 am when the radiation is maximum.
Wind loss coefficient mainly depended on the wind speed and the thermal properties of air at
ambient temperature. The variation of wind speed with respect to test time is shown in Fig. 9. The
wind velocity is proportional to Reynolds number which has a direct effect on the Nu. Wind loss
coefficient increased with increased wind speed. Up to 5.6 ms-1 speed, the wind power falls under the
category of class 1 level and it is called poor wind. During the whole test period, the air velocity does
not reach beyond this poor wind class. Radiation heat loss depends on the emissivity of the receiver
material, ambient temperature, and receiver temperature which are the three parameters retaining the
honest influence on radiation heat loss. The heat loss coefficient, radiation heat loss, and wind loss
coefficient were fluctuating and reached the maximum values of 7.026, 8.134 and 51.32 Wm-2K-1
respectively as shown in Fig. 10. Heat loss from the collector system to the surrounding atmosphere by
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all three modes of heat transfer are known as outside heat transfer coefficient, and it can be calculated
by the product of heat loss coefficient and the temperature difference of surface-ambient.
The variation of inside heat transfer coefficient with bulk mean temperature for minimum and
maximum fraction of nanofluid is shown in Fig. 11. The trend showed that the heat transfer coefficient
is gradually increased and reached the maximum value of 634.5 Wm-2K-1 at 1.00 pm where the bulk
mean temperature is 42.67°C. The optical efficiency also started from 31.57% minimum at 8.00 am
and it is gradually increased to a maximum of 60.75% at 12.00 noon. It depends on the optical
property of reflector and the intercept factor. For the maximum beam radiation of 821 Wm-2, the total
solar flux is 554.45 Wm-2, but the highest value is 587.28 Wm-2 at 2.00 pm, where the receiver
temperature is 130.20°C, as shown in Fig. 12. Solar flux is the quantity of solar radiation absorbed
after overcoming the hurdles such as tilt factor, intercept factor, optical properties, receiver properties,
and width of the aperture. The beam radiation, solar flux, and receiver temperature have increased
positively up to noon time then gradually decreased in the opposite manner.

Figure 6. Temperatures with time

Figure 7. I/O temperature variations

Figure 8. I/O temperature difference

Figure 9. Variation of wind speed

Figure 10. Outside heat transfer coefficient

Figure 11. Inside heat transfer coefficient
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The total loss coefficient range for the heat transfer fluid such as deionized water and alumina
nanofluid uniformly increased from 30°C (4.342 Wm-2K-1) to 41.8°C (6.31 Wm-2K-1) as shown in Fig.
13. This loss coefficient between the two heat transfer fluids is in the range of negligible quantity. The
flow slowly moved towards the turbulent type from the bulk mean temperature of 40 oC (11.00 am).
This rule is applicable for the given inner diameter (16.6 mm) of the receiver, mass flow rate (0.020
kgs-1) of fluid and velocity of heat transfer fluid (0.09246 ms-1). The variation in temperature to the
assumed turbulent flow depends on the internal diameter of the receiver, mass flow rate, and fluid
velocity.

Figure 13. Overall loss coefficients

Figure 12. Parameters variation

The useful heat gain increased with respect to the nanofluid concentration. The variation
between the inlet temperature of heat transfer medium and ambient temperature had an influence on
useful heat gain. The effect of volume fraction on useful heat gain is given in Fig. 14. The maximum
possible useful heat gain can be obtained when the total collector system is maintained at the entry
temperature of heat transfer fluid. As per the calculated data, the enhancement of collector efficiency
is proportional to nanofluid volume fraction as shown in Fig. 15. The graph is plotted based on the
average efficiency of the whole day for deionized water and 2.5% concentrations. This demonstrates a
very good relation between nanofluid concentration and collector efficiency. The maximum
instantaneous efficiency reached is 59.68% for 2.5% concentration. The collector efficiency increased
parallel to the concentration of nanofluid. The thermal conductivity of nanofluid is higher than DI
water. At the same time, the specific heat decreased with increased concentration.
The variation of instantaneous collector efficiency between the deionized water and nanofluid of
2.5% concentration is shown in Fig. 16. The heat transfer fluids are under turbulent region from 10.00
am to 3.00 pm and the rest of the test times are in the laminar flow region. The instantaneous collector
efficiency slowly increased from 10.00 am to 3.00 pm due to its turbulent flow nature than other test
times. The mass flow rates and concern velocities keep the fluid in the laminar region up to a certain
temperature level. The calculated bulk mean temperature for the mass flow rate is 40°C. The bulk
mean temperature of the heat transfer fluid is not allowed to increase beyond the given level to keep
the flowing fluid in the laminar region. Due to the increase in the inside heat transfer coefficient at the
turbulent region, the collector efficiency is enhanced. The variation in efficiency was observed for the
defined heat transfer fluid from 12.00 noon to 1.00 pm. The instantaneous efficiency slowly decreased
from 8.00 am to 10.00 am and then it reached to precise position due to its turbulent flow nature where
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the inside heat transfer rate is high, 634.5 Wm-2K-1. By 11.00 am the PTC reached the high collector
efficiency of 60.58%.

Figure 15. Efficiency on day average

Figure 14. Useful heat gain

Figure 16. Efficiency of 0% and 2.5%
Conclusion
In the present work, the low-cost PTSC with hot water generation system for domestic purpose
is designed and fabricated. The various volume fractions of aluminum oxide/deionized water such as
from 0.5 to 2.5% are prepared by two-step method using magnetic stirrer and sonication. The
experiments are carried out for nine hours from 8.00 am to 4.00 pm of test day. Al2O3 nanofluid is
used as a heat transfer medium and it is allowed to flow through the copper receiver pipe. The
maximum beam radiation is 821 Wm-2 and the average is 629.67 Wm-2. The coefficient of wind loss,
radiation loss, heat loss, overall loss, inside heat transfer, friction factor at the time of turbulent flow,
collector efficiency factor, solar flux, useful heat gain, heat removal factor, collector capacitance factor
and finally collector efficiency are also calculated based on day average as well as hourly basis. The
instantaneous efficiency is increases parallel to useful heat gain. The efficiency of the collector and
maximum heat gain is 59.68% and 467.231 W for 2.5% concentration on day average basis. On an
hourly basis, it is observed that the peak value of efficiency and heat gain are 60.58% and 472.47 W.
The efficiency enhancement was 3.90% than deionized water. The observation explained that the
beam radiation had an influence on solar flux, heat removal factor, collector capacitance factor, and
efficiency. On the other side, the overall heat loss is affected by heat loss coefficient and inside heat
transfer coefficient for particular receiver material and size. The thermal properties of ambient air,
wind velocity, receiver temperature and emissivity of receiver material had an effect on heat loss
coefficient.
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Nomenclature
Aa
CR
DI
Di
Do
FR
hfi
hr
hw
Ib
K
L

- absorber area, [m2]
- concentration ratio (Aa/Ar), [-]
- deionized, [-]
- inner diameter, [m2]
- outer diameter, [m2]
- heat removal factor, [-]
- heat transfer coefficient, [Wm-2K-1]
- radiation loss coefficient, [Wm-2K-1]
- wind loss coefficient, [Wm-2K-1]
- solar radiation, [Wm-2]
- thermal conductivity, [Wm-1K-1]
- aperture length, [mm]

np
Nu
Pr
Qu
Rb
Re
S
Ta
Tfi
Ul
Uo
W

- nanoparticle, [g]
- Nusselt number, [-]
- Prandtl number, [-]
- useful heat gain, [W]
- tilt factor, [-]
- Reynolds number, [-]
- solar flux, [Wm-2]
- ambient temperature, (°C)
- fluid inlet temperature, (°C )
- heat loss coefficient, [Wm-2K-1]
- overall loss coefficient, [Wm-2K-1]
- aperture width, [mm]
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