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KEYWORDS Abstract Due to rapid industrialization and urbanization, upward rise in carbon emissions in the
PTSC:; atmosphere, and depletion of fossil fuel and gas reserves have forced to find alternative renewable
Nanofluids; energy resources, where solar energy is one of the most promising source. Parabolic trough solar
Thermal efficiency; collectors (PTCs) can effectively transfer high temperature in the tube of receiver upto 400 °C. In
Solar thermal; this study, Computational Fluid Dynamics (CFD) analysis is used to analyse the effect of multiple
Temperature difference working fluids on efficiency of the PTC. Two different types of nanofluids used for analyising the

thermal efficiency of PTC through CFD simulations, are Alumina and Copper-oxide nanofluids.
The concentration of Copper Oxide and Alumina was kept to 0.01% in the nanofluids. The effi-
ciency for PTC is calculated at two different mass flow rates i.e., 0.0112 Kg/s and 0.0224 Kg/s.
The highest efficiency is 13.01 and 13.1% using Al,O; as nanofluids at 0.0112 Kg/s and 0.0224
Kg/s flow rates, while CuO has an efficiency of 13.92% and 14.79% for these flow rates. The beha-
viour of absorber tube material on temperature distribution for steel, copper and aluminum as
absorber tube material was also investigated. Changing the material from steel to copper and alu-
minum increased the outlet temperature of the fluid. The maximum output temperature was
achieved for copper is 311 K while steel and aluminum showed lower temperature of 307 K and
308 K of the fluid at the outlet. Furthermore, the impact of the receiver tube’s length on the working
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Nomenclature
Nu Nusselt’s number n Dynamic viscosity
A Gradient Pr Prandtl number
Cp Specific heat of gas at constant pressure w Width of NPTSC
Nun Thermal efficiency G,y Average value of solar radiation
1, Overall efficiency S Absorbed Heat flux
Gt Solar intensity K Thermal conductivity
¥ Specular reflectivity v, Radial direction of velocity
Rb Bond resistance Vy Axial direction of velocity
ol Absorptivity of receiver tube n Fluid viscosity (in Kg/m-s)
T Glass envelope transmissivity Ave Average
Aqp Aperture area

fluid’s temperature is also studied. Copper Oxide nanofluid has higher temperature at the outlet for
both mass flow rates as compared to alumina nanofluid. Accordingly, a comparison was made for
the CFD results with the experimental findings from literature. The nanofluids based PTCs system
is promising method for the sustainable environment applications.

© 2022 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Alexandria
University This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/

4.0)).

1. Introduction

The increasing demand of energy and available resources is
becoming a huge challenge today, where, solar energy, one
of the promising and great source of renewable energy [1].
The surface of the earth is recorded to intercept an average
of 3.6 x 1014 TW of solar radiations [2,3]. Solar thermal col-
lectors are among the most popular source of renewable
energy [4]. PTSC uses direct solar radiations for heating the
working fluid [5]. A glass envelope is used to enhance the col-
lector performance and to minimize the losses of convection
[6]. The sunlight intensity is increased by using this configura-
tion and the heat generated by sunlight on the receiver. Tem-
perature range for operation of working fluid in PTCs is
between 50 °C and 400 °C. About 30% of the PTC system’s
cost is accounted by solar receiver [17]. A solar tracking system
is usually used for efficiency enhancement by changing the
position in the direction of sun. Parabolic troughs can be
arranged in various sizes in the solar fields and can be linked
together easily. However, the axis of the collector must be ori-
ented in North-South or East-West direction to minimize the
losses. Therefore, single-axis tracking is mostly used for
achieving this purpose. PTSC provides advantage of higher
efficiency with low surface area requirement even with diffused
sun light for same output. PTSC can be used on roof surfaces
orienting on non-south direction [7,8]. Higher temperatures
can be produced with PTSC and also provides advantage of
integrating with high-temperature systems. The concentrators
are made of recyclable materials which reduce the environmen-
tal waste as well [9].

The trackers concentrate the sunlight effectively and trans-
fer converted heat to a working fluid. This phenomenon is
steady-state, and working fluid in the annular region with high
specific heat is preferred [10]. Conventional Newtonian work-
ing fluids constitute water, molten salt, and air flowing through

the collectors. These fluids have poor thermophysical proper-
ties, hence, lower the efficiency of the collectors [11]. The main
parameter in increasing PTSC efficiency is geometry modeling,
working fluid selection and receiver tube material [12]. Molten
salts were used a working fluids yielding excellent thermal con-
ductivity, reduced corrosion and clogging in the components
of the receiver tube. The rate of absorptivity is also very high
in the UV-visible region. Furthermore, size and other proper-
ties can also be finetuned at atomic level bottom up to achieve
a much higher conductive phase [13]. The applications of
nanofluids have increased with increase in their popularity,
and use in medical devices, solar energy, fuel cells and heat
exchangers have been explored [14]. Nanofluids have a great
potential in PTSCs as it can help significantly reduction in
the cost of the system [15-17]. Selective coatings of black-
chrome or black nickel is used for non-evacuated receivers
because of their economic reasons and ease of production
[18]. The maximum length of the receiver tube is 5 m because
of manufacturing constraints, therefore, the tubes are con-
nected in series to obtain the desired length of PTC [19]. The
performance of PTSCs is affected by the geometric parameters
and the materials [20]. Semi-finite analytical formulation was
reported in the literature, which depicts that the semi-finite
method requires special integration, geometrical and optical
characteristics are not changed easily by using this method
[21]. These methods are used for determining the efficiency,
heat flux and absorber tube material in various researches
[22-24]. In another study, enhancement upto 4.3% in the
PTC performance system using oil/Al,O; nanofluid [25,26].
The usage of hybrid nanofluids with dual characteristics is
receiving recognition over the last few years. Hybrid nanofluid
is synthetized by splitting two nanoparticles (NP) types within
the host fluid. Using this technology in solar collector applica-
tions is scarce due to many problems in expressing the thermo-
physical  characteristics of hybrid nanofluids [27].
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Computational fluid dynamics (CFD) analysis of (Al,O; and
CuO) NP was carried out in solar collectors, where, the heat
transfer coefficient reached 28%-35% when dispersed in water
[29,30]. Nanofluids more efficiently capture the solar radiation,
hence, nanofluids are considered as an efficient for PTCs. The
concentration of nano particles within the fluid and diameter
of the nano particles are some of the significant parameters
for the effiencent system [31]. Using CFD analysis, it was
found that Oil/ Al,O3 nanofluid increases the performance of
NPTSC to 4.25% [32.33]. Another study demonstrates that
the CuO is an efficient NP, resulting in a 1.3% increase in ther-
mal performance while the Al,O; NP is 1.12%, however, 40%
decrease in the pressure was also observed by using such sys-
tem [34]. In another study, it was found that the maximum
heat transfer is achieved at 2% Al,O3 concentration. So, it is
concluded that Al,O; nanofluid is the best thermal-physically
while the CuO is the best exegetically. The usage of hybrid
nanofluids with dual characteristics is receiving recognition
over the last few years [35-37]. Hybrid nanofluid is synthetized
by splitting two NP types within the host fluid. Using this tech-
nology in solar collector applications is scarce due to many
problems in expressing the thermophysical characteristics of
hybrid nanofluids [38]. The thermal efficiency of PTSC is
improved by taking copper as compared to steel and alu-
minum. The temperature distribution in case of copper also
remains the same throughout the length of the tube [39]. How-
ever, for steel a parabolic shaped temperature distribution is
achieved. In addition, the aluminum and galvanised steel have
poor corrosivity as compared to coper and stainless steel [40].
Therefore, aluminum and galvanized steel are not used for
construction of absorber tube despite of their low prices [41].
The receiver tube made of copper was termed as most suitable
because of its moderate cost and low corrosion resistance. On
the other hand the corrosion resistance of stainless steel was
high as compared to copper, however, the cost of stainless steel
was also high as compared to copper. The gap between the
absorber and reflective tube must be kept optimum for
decreasing the convection heat losses [42]. The convective heat
losses decreases as the internal diameter is increased until the
optimum distance was achieved [43]. Creating vacuum at this
distance increases the performance of the system and the gap
length governs the heat losses occurring within the system.
This distance is known as critical radius and depends upon
the diameter of the glass envelope used [44]. Smaller size diam-
eter NP increased heat transfer rate in PTSC. It was reported
that the concentration and flowrate of NP are used to enhance
the thermophysical characteristics of the working fluid in
PTSC [45.46]. Borosilicate is considered as the choice of mate-
rial for glass tube as it has high tolerance against thermal
shocks [47]. The selective coating absorbs the solar energy
and conduct the energyinside the tube [48]. There is a shortage

of data of hybrid nanofluids performance in concentrating
PSCs [49].

In this study, CFD simulations are used to analyse the
behavior of different nanofluids on thermal performance in
NPTSC. The model is meshed using ANSYS Fluent and vali-
dated with the help of experiments from the studies reported in
the literature. Then validated model was applied to different
flow conditions of nanofluids and material properties to per-
form a parametric study. Thermal performance of NPTSC is
also affected by the change in material of the absorber tube.
Depending on the thermal conductivity of the tube material,
thermal efficiencies were calculated and analysed in details.

2. Methodology

CFD simulations were used to analyse the behaviour of absor-
ber tube material and effect of flow rate on efficiency. The sim-
ulation was carried out using two different tye of nanofluids
(AlL,O3 and CuO) with two values of 0.0112 Kg/s and 0.0224
Kg/s. The volume concentration of both nanofluids was kept
constant at 0.01% [27]. Three different materials used for cal-
culating performance are steel, aluminum, and copper and dif-
ferent characteristics are given in the Table 1. The simulations
were performed at steady-state conditions with a radiation
model in ANSYS FLUENT.

Temperature contours for each mass flow rate were also
obtained. The optical errors of the reflector were neglected.
The nanofluid was considered incompressible and turbulent,
and the vacuum was considered an annular space to minimize
the losses. The configuration used in the study is shown in
Fig. 1.

2.1. Geometry modeling

The receiving tube is modeled using Ansys. The geometry con-
sists of concentric tubes (glass envelope and receiver) with fluid
regions for the nanofluid and the (annular region) with vac-
uum, respectively. Geometry was oriented along the z-axis,
where, the positive Z and X-axis denotes the south and east
directions, respectively. Following specifications are related
to geometry:

a) The concentrating reflector is parabolic, used for concen-
trating solar radiation, and is made of aluminum. Parabolic
mirrors reflect the sunlight parallel to its focal line with 96%
efficiency [27].

b) The receiver tube is made up of a 1.22 m Copper tube
coaxed within a glass envelope; with a maintained flow rate
of nanofluids. The outer diameter and inner diameter of the
absorber tube are 27 mm and 28 mm, respectively, to give a
good concentration ratio of about 10 depending on the trough

Table 1 Material Specifications [50-52].

Selected Density of the Materials ~ Thermal Conductivity Specific Heat Capacity Corrosion Rate Receiver Tube
Materials (Kg/m®) (W/m-K) (KJ/Kg) (um/year) Cost ($)

Steel 8030 16.27 502.48 0.21 149.38
Aluminum 2719 202.4 871 3.7 23.55
Copper 8978 381 387.6 1.27 33.38

Glass 2200 1.75 9.1
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Fig. 1
Glass Envelope
Metallic Absorber tube
Working Fluid
Vacuum

Fig. 2 X-Sectional representation of the Solar Collector Tube.

size. The tube was placed parallel to the focal length. The
absorber tube was painted black so that maximum solar irra-
diations are absorbed by the tube. Heat losses are minimized.
Glass envelope tube with 0.91 m length of 64 mm and 66 mm
inner and outer diameter, respectively. The geometry for the
tube of the collector is given in Fig. 2.

2.2. Meshing of the receiver tube

Fig. 3 shows the mesh for the collector tube and solar trough
collector. Ansys Fluent was used for mesh generation of mod-
elled tube. The quality of mesh plays an important role in
obtaining accurate results. Initially, Hexahedral cells were cre-
ated that composed of 259,435 elements and the difference in
temperature is measured and described in Table 2. There was

(a)

Fig. 3 Mesh for (a) Collector tube, (b) Solar Trough Collector.

Configuration of the Solar Collector.

a negligible difference between the results obtained from
520,141 and 672,400 grid sizes. Therefore, 520,141 cells were
chosen s for further studies to save computational time and
cost.

2.3. Thermo-physical properties of materials

Table 3 shows various thermo-physical properties of fluid and
glass.

2.4. Physical modelling

Flow behaviour model, energy model, solar load model, and
radiation model were employed to carry out the numerical sim-
ulations. In flow behavior model, CFD analysis were per-
formed for the receiver tube and to study heat convection
flow of nanofluid. The energy model demonstrates an energy
balance between the nanofluid and the receiver tube. The
model assumes that all thermodynamic properties of nanofluid
are constant and the model is computed using Engineering
Equation Solver (EES) [28]. The solar load model was used
for computing various inputs of location, analysis day timings,
and mesh orientation. Total radiation (sum of the beam and
diffuse radiation) was used in simulation. The radiation
model is used for modelling radiation heat transfer. Heat
loss and transfer simulation were modelled using the
Surface-to-Surface (S2S) model to consider various factors,

(b)
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Table 2 Grid Sensitivity test.

Mesh Size Number The Difference between inlet
of Element and outlet temperatures (°C)

Very Coarse 259,435 5.05

Coarse 406,586 4.36

Medium 520,141 4.21

Fine 672,400 4.13

Very Fine 734,184 4.15

including radiation exchange from glass envelope to the
receiver tube.

2.5. Governing equations

The number of equations were used for the CFD analysis
including active transport expression, conservation of energy,
Initial density of nanofluid relation, thermal efficiency and
overall efficiency [53].

a) Continuity equation is given

a(’f”"“’) g (P4 5 2 ou

- -4 - Sl i) 2
ax,- ax,- + an K 3x, + ax,- 3 v 814, ( )
b) Momentum equation
Du  O(pu) -
P =V (pub) (3)

¢) Active transport expression

(5) ) @

d) Energy conservation equation

e dlpe) .
i = b Vlper (5)
ApwT) 51, 0T

Table 3 Thermo-Phyiscal Properties of Fluid Materials
[13.17].

Water with CuO  Glass
(0.01% conc.)

Properties Waterwith Al,O3

(0.01% conc.)

Density (Kg/em®) 1029.7 1054 2200
Specific heat (KJ/ 4.05507 3.965 910

Kg-K)

Thermal 1.029 0.6870 1.75
Conductivity (W/

mK)

Viscosity (m?/s) 0.405 x 10°  0.396 x 107

Dynamic 4169 x 10*  4.169 x 10 =

Viscosity (m?/s)

e) Initial density of nanofluid is pg is given by
p = p,(1 — BAT) (7)

Change in the value of density is considered negligible and
B(T — To) < 1. Simulated results can be obtained with more
accuracy when density is taken as a function of temperature.

Following relations are used to calculate the different effi-
ciencies including instantaneous and thermal efficiency [53].

Absorbed Heat flux

S = GrRy(a7)¥Y (8)

Convective heat transfer is dependent on Nusselt’s number
(Nu)

k

hr= N,.— 9
= Ny ©)
Where, Nu = Re0.8Pr0.4, Pr =2,
VDi
Re = pr
u
4
V=—7:
TCD,' o
Thermal efficiency [53]:
mcp(Toul - Tin)
_ 10
M AapGT[ ( )

Overall efficiency:

’1 _ ’/th(Tou/ - Tin)
’ AapGav

2.6. Boundary conditions

Different boundary conditions were applied to solve differen-
tial equations. A range of mass flow rate with an increment
of 0.0112 Kg/s was provided at inlet of the tube and initial
temperature of working fluid was set as 302 K. Pressure
boundary conditions was applied at the outlet of the tube.
The operating pressure was kept constant to 101,325 Pa. Mon-
itors were created for variables of interest before simulating the
model. Convergence criteria was predefined and the normal-
ized absolute residuals for all the variables in each cell have
been limited to be less than 107, For glass envelope only radia-
tive mode for considered for heat losses. The average values of
absorptivity and emissivity of black paint are taken as 0.95 and
0.91 respectively.

2.7. Model validation

A comparison of the CFD results is necessary to validate the
performance of NPTSC with the experiments reported in the
literature. Flow behaviour model, energy model, solar model,
and radiation model were employed in ANSYS for simulations
and the results are compared with experimental data. At the
same time, parameters such as the geometry of the receiver
tube and thermophysical properties of nanofluids were kept
the same to match the experimental readings. The Table 4
compares the experimental data from the study reported in
the literature [27] and simulated data for water, Al,Os, and
CuO. Comparison agrees with the behaviour of different
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Table 4 Comparison of different parameters of simulations with experiments at flow rate of 0.112 Kg/s.

Working DNI (W/  Inlet Temperature Experimental [27] Numerical AT%
a 2
Fluid m°) &) Outlet Temperature Thermal Efficiency Outlet Temperature Thermal Efficiency
(K) (o) (K) (o)
Water 788 305 309.25 12.06 309.32 12.137 0.6
0.01% 788 305.55 309.65 12.46 309.70 12.62 1.2
ALO;
0.01 % CuO 788 306.25 311.25 13.56 311.31 13.68 0.8
312 T T T T 3070 T T T T T T T T T
—=— Copper —a— Steel
3114 |—e— Steel — —e— Copper
—a— Aluminum 306.54 | —a— Aluminum T
310 -
2 < 306.0- -
< X
g 309 - o
— =)
$ 308 g T 305.5- g
o [
E o
o 307 4 g
= — 305.0 - .
306 -
304.5 1 .
305 A E
304 T T T T 3040 T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0 40 80 120 160 200 240 280 320 360

Length (m)

(a)

Degree (6)

(b)

Fig. 4 Temperature distribution for different materials (a) along the length at top surce (b) along the circumference of the outlet at

0.0112 Kg/s mass flow rate and DNI 788 W/m*

nanofluids at a different mass flow rate, as demonstrated in the
experiment. Simulated values show a slight increment than the
experimental results. This is because the experiment might
have slight experimental setups/measurement inaccuracies like
in geometry modelling of collector, nanofluid synthesis, insula-
tion of receiver tube, pumping disruption, etc., which cannot
be evaded. It ultimately affects the behaviour of the experi-
mental temperature values.

3. Results and discussion

The effect of absorber tube material on temperature distribu-
tion for steel, copper and aluminum absorber tube is investi-
gated. The results obtained for different mass flow rates and
their effect on the absorber tube temperature is analysed.
Two nanofluids CuO in water and Alumina in water are used
as working fluids.

3.1. Effect of absorber tube material on temprature distrubution

The Fig. 4 shows that the variation in the material change the
distribution of the temperature of the tube of the absorber
along the circumference. Due to better thermal conductivity,
Copper tube shows a higher temperatures as compared to
tubes made of Steel and Aluminum. The temperature through-
out the circumference almost remains constant for copper and

aluminum. However, the temperature increases for the first
half of the circumference and then decreases at a regular pat-
tern for steel made absorber tube.

The temperature contours obtained for of 302 K tempera-
ture is presented in Fig. 5. A lower outlet temperature was
obtained using the steel tube outlets compared to tube made
of copper and aluminum. The curved shape temperature distri-
bution is due to low thermal conductivity of steel as compared
to copper. The maximum temperature is achieved at the top
surface, where there is the direct effect of heating on the cir-
cumference. The effect of radiations decreases along the cir-
cumference at the outlet of pipe and also compared [4]. It
was observed that the difference between the inlet and outlet
temperatures was low.

3.2. Comparison of mass flow rate for the temperature
distribution

Fig. 6 shows the effect of different mass flow rates on the tem-
perature distribution along the length of absorber tube made
of aluminum using water as a working fluid. An increase in
the mass flow rate from 0.0112 Kg/s to 0.0448 Kg/s decreases
the surface temperature of the absorber tube due to a less inter-
action time is available between the fluid and absorber tube.
The outlet temperature depends upon two factors: the convec-
tion heat transfer occurring between the fluid and tube, and
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Fig. 5 Temperature Contours with absorber tube made of (a) copper (b) Aluminum (c) Stainless Steel using inlet temperature of 302 K

and solar intensity of 773 W/m?*

second is the velocity associated with mass flow rate. More-
over, it is also obvious that the temperature difference between
inlet and outlet of tube is also reduced at higher flow rate of
0.0448 Kg/s as compared to 0.0112 Kg/s.

3.3. Comparison of thermal efficiency for aluminum Oxide-water

The experimental results of Sharma et al. [27] and simulated
thermal efficiency of Al,Ojz-water at 0.0112 Kg/s and 0.0224
Kg/s with time is shown in Fig. 7. The thermal efficiency
decreases with time due to lower solar intensity values; there-
fore, a low-temperature difference can be estimated between
the inlet and outlet temperature at these time intervals. The
maximum thermal efficiency for alumina nanofluid is observed
from 9:30 to 10:30 AM, and then it starts to decrease till 3.00
PM. Since the thermal efficiency is not only depending on the
solar irradiance, but also other parameters such as mass flow

304.0 T T T T
—=— Mass Flow rate 0.0112 Kg/s
- ®- Mass Flow Rate 0.0224 Kg/s
303.5 | -4 - Mass flow Rate 0.0448 Kg/s .
e ®
Fl p— AT “
< 303.0 e 4
0] -7 AT
S o
© 302.5 A -
g .
£ R
2 30204 Lo J
e
/,.,-"
30154 A .
k"
301.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Length (m)

Fig. 6 Temperature along the length of absorber tube made of
Aluminium at different flow rates.
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rate, aperture diameter and specific heat of working fluid also
affect the thermal performance of NPTSC. The experimental
results from the literature were compared with the simulation
data accordingly, which give level of accuracy in the experi-
mental and simulation results. The overall thermal efficiency
is 9.02% (simulated) and 8.65% (experimental) 0.0112 Kg/s
mass flow rate as compared to 0.0224 Kg/s having overall effi-
ciency of 8.34% (exp) and 8.39%. The low difference in ther-
mal efficiency is due to low concentration of nano particles
in the water i.e., 0.05 vol%. Increasing the vol.% of Alumina
nano particles can result in increase in the thermal efficiency of
the working fluid.

3.4. Comparison of thermal efficiency using CuO-water as a
working fluid

The comparison in experimental and simulated thermal effi-
ciency of CuO-water at 0.0112 Kg/s and 0.0224 Kg/s mass flow
rate as shown in Fig. 8. There is no significant difference in the
thermal efficiency using CuO-water by varying mass flow rates.
The overall thermal efficiency is 9.03% (simulated) and 8.65%
(experimental) for 0.01124 Kg/s as compared to 0.0224 Kg/s
having overall efficiency of 8.9% (exp) and 9.62%.

3.5. Comparison of thermal efficiency usingAl,03 and CuO with
different mass flow rates

The comparison of thermal efficiency of Alumina and CuO at
a mass flow rate of 0.0112 Kg/s and 0.0224 Kg/s is shown in
the Fig. 9. Both nanofluids show maximum efficiency w.r.t.
time from 9:30 to 11:30 AM. The highest efficiency Al,O5 at
a mass flow rate of 0.0112 Kg/s and 0.0224 L/hr. is 13.01
and 13.1%, respectively, while CuO has an efficiency of
13.92 and 14.79% at the same mass flow rates. Therefore, an
approximately 1% increase in the thermal efficiency is
observed in the case of CuO. Both nanofluids showed to faster

16 T T T T T T T T T T T
—=—0.0112 kg/s Exp [27]
4. - e- 0.0112kg/s Sm | |
- —a—0.0224 kg/s Exp [27]
] Seo el - v- 0.0224kgls Sim | |

-
o
1

Thermal Efficiency (%)
[ee]

[ .
4 - .
2 - .
O T T T T T T T T T T T

S = = =5 = = = = = = =

< < < < o o o o o o o

o o = 0 N o o oo o o =) ™

S £ ¥ @ ¥ @O o N & O g

= o o - o 2 N ™ = ™ N ™

@ T O T M T g o+ - A& o

[« o o -~ - N —
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Fig. 7 Variation in Experimental and Simulated thermal effi-
ciency of Al,Os-water atdifferent flow rates.
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ciency of CuO-water at different flow rates.
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Fig. 9 Comparison of thermal efficiency usingAl,O; and CuO at
0.0112 Kg/s and 0.0224 Kg/s mass flow rate.

variation in the temperature difference around 1 PM due to
high radiation flux.

3.6. Comparison between variation of temperature of Al,O3 and
CuO along length of tube

The comparison between the temperature variation for both
Alumina-water and CuO-water is given in Fig. 10 and 11. It
can be seen that CuO-water has higher outlet temperature as
compared to Alumina for same inlet temperature. The CuO
absorbs maximum solar radiation due to higher heat transfer
coefficient and therefore, will result in higher thermal efficiency
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as compared to Alumina-water nanofluid. The inlet temperature
of CuO is also higher than that of Al,O53 because of higher ther-
mal conductivity of CuO as compared to Alumina nanofluid.

It can be seen from the above data that there is not much
difference between the outlet temperatures of water and
nanofluids. This is due to decreased length of the absorber tube
as well as low volume concentration of nano particles in the
water. Increasing the vol.% of nanoparticles in the water as
well as increasing the length of the absorber tube can signifi-
cantly affect the outlet temperature and thermal efficiency of
PTSC [26,32]. The thermal efficiency is up to 1.2% by using
Alumina nanofluid, while the thermal efficiency was 0.8%
when CuO-Water nanofluid is used.

4. Conclusions

CFD simulations were carried out to study the effect of absor-
ber tube material and nanofluids on thermal efficiency of
NPTSC. The simulations demonstrate that the overall thermal

performance can be increased up to 1-2% using nanofluids as
the working fluid in PTSC. The CuO based nanofluids show
higher outlet temperature as compared to Alumina based nano-
fluid at same heat flux and inlet temperature. An increase in mass
flow rate of nanofluid also increases the thermal efficiency, a bet-
ter thermal efficiency was observed using CuO based nanofluid at
flow rate of 0.0224 Kg/s comparing with 0.0112 Kg/s. The mate-
rial of absorber tube also affects the thermal efficiency of NTPC.
Copper tube shows better thermal performance as compared to
the Aluminum and stainless steel tubes. Density of a material
allows the absorption of the solar radiations and thermal proper-
ties of the materials lead temperature distribution along the
length of tube. Due to higher value of thermal conductivity, cop-
per shows uniform temperature distribution along the length of
the absorber tube. Further, the volume concentration of
nanoparticles in nanofluids, size of NP, and composition of
NP (hybrid nanoparticles (0-D), nanotubes/nanofibers (1-D),
and highly conductive ionic liquids) as working fluid can also
be investigated in NPTSC. Other parameters like the receiver
tube’s material’s insulation and favourable geometry can also
be studied via CFD and ANSYS analysis.
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