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Utilizing solar radiation for thermal purposes is a common practice with flat plate solar collectors (FPSCs), but
their thermal efficiency is lower. Using it might be one way to fix this problem of nanofluids as working fluids in
FPSCs, which have the potential to improve energy-collecting capacities. A new method for measuring the thermal
inertia of the various components of glass, trapped air, absorber and nanofluid are the components of FPSC that
use nanotechnology has been developed and tested in this work. Water and AloOs nanoparticles at 1%, 2% and 3%
volumetric concentrations are considered in the study. In this study, thermo physical characteristics are examined
at heat transfer fluid (HTF) mass different flow rates (0.004 — 0.06 kg/s). According to the findings, in May, the
greatest rise in outlet temperature can reach 7.22% under certain circumstances (0.004 kg/s, 3% volumetric
concentration). Potential uses for nanofluid-based FPSC are illuminated by this computational analysis, which
offers important insights into their thermal performance. The research helps to fill gaps in knowledge of nanofluid
dynamics and points the way for future work to maximize the effectiveness of FPSCs in the long-term use of solar
power. Importantly, at lower flow rates, nanofluids can improve the FPSCs' thermal efficiency; nevertheless, at a
certain point, effectively, the base fluid is transformed into the working fluid. The current study determined that
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0.016 kg/s is the essential flow rate.
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1. INTRODUCTION

The solar electricity concentrated solar power (CSP) has
the upper hand in promising future applications. One kind
of CSP mechanism that can be used in moderate-
temperature environments without requiring a significant
initial investment is the linear Fresnel reflector (LFR)
system [1]. The cheaper price and wind load could be the
result of LFR's planer segmented main mirrors close to the
ground. Furthermore, there is a decreased chance of operant
liquid leakage with LFR. This is because the LFR receiver
remains stationary during the process while the major
reflectors rotate independently [2]. LFR has found
widespread use in a variety of industrial processes,
including drying vegetables, producing electricity and
desalination. Hybrid nano liquids are used to increase the
rate of a combination of base liquids with nano-scaled
polymeric, metallic or non-metallic power for heat transfer
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in a range of applications [3]. A large body of literature
provides computational and empirical evidence that hybrid
nano liquids have a higher heat transfer rate than pure
liquids. Nanofluids were first characterized by researchers
as a mixture of nano-powders and regular liquids and
Nanoliquids' overall potential environmental benefit [4]. To
guarantee that nano liquids have a good environmental
impact on renewable systems, they emphasized areas, which
might address these concerns. The avoidance cell's higher
temperature is a critical problem that leads to severe heat
stress, a shorter lifespan and looking at the difficulties in
making nanoliquids available for purchase [5]. When it
came to effectively using nanoliquids in the commercial
sector, found that consistency over the long period was the
most important factor. The heat exchange mechanism to
work better and need to make sure the turbulator
components is sensible. Enhancing the disruption of the
stream border layer and increasing the turbulence of liquids
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near the wall are both possible with their help. Another
benefit of using nanoliquids as the operating fluid in a
thermal exchange mechanism is that the turbulator
components can prevent the deposition of particles [6]. The
device with two height spacing produced the most
significant thermal convective development. With each main
mirror positioned as a separate concentrator, they achieved
optically identical results while enhancing the mechanism's
optical efficiency [7]. It became clear to them that the
calculation of the useful heat power is crucial. Despite this,
they observed that the catoptrics-subset model exhibits a
robust form requiring fewer spinning sections. To redirect
the sun's rays that had been reflected by the primary
reflector to the focal line, they included secondary
concentrators in the device [8-9].

The rest of the paper is divided into sections. The
Related works of the paper is denoted in section 2. Section 3
shows the materials, procedures and approaches. Section 4
displays the output result analysis together with the
discussion. Section 5 shows the conclusion of the paper.

2. RELATED REVIEW

The study [10] examined the flow of hybrid nanofluids
across porous media was studied quantitatively in the
study. A circular elastic surface was traversed by a
water-based hybrid nanofluid and the flow of electrically
conducting incompressible water. Because the produced
magnetic field has a negligible magnetic Reynolds
number, external magnetic fields do not affect it. The
article [11] suggested using of mono nanofluids, which
had better heat transfer qualities than traditional fluids,
as working fluids in solar thermal systems has grown in
popularity in recent years. Examining how sheet-and-
tube photovoltaic systems function while using hybrid
and mono nanofluids as opposed to water is the primary
goal of the research. The study [12] examined the models
and used them to analyze the flow properties and heat
transfer behavior. Afterward, the effects of the layer’s
location, characteristics and Nanoparticles’ influence on
collector efficiency were examined. The study [13]
suggested the Parabolic Dish Solar Collector (PDSC)
concentrated light entering in an absorber chamber,
through which a fluid was forced to flow. Across it to heat
a heat transfers fluid. Enhancing their efficiency was
crucial due to their wide variety of applications. The
study [14] improved heat transfers in free, mixed
convection and forced using nanofluids in different
collector shapes in the presence of transitional, turbulent
and laminar flows the subject of several numerical
investigations, which were comprehensively reviewed in
the work. The study [15] investigated the efficiency of a
photovoltaic thermal system (PVT/TE) that incorporated
a thermoelectric-producing module the research made
use of a computerized framework in three dimensions.
The paper [16] presented the results of a numerical
investigation on nanofluid-powered solar ponds with a
single glazing. The standard shallow-type solar pond was
used for the experiment, with nanofluids of aluminum
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oxide and water can have concentrations ranging from
zero to one-hundredth of a percent by volume. To verify
the numerical findings, the standard solar pond
configuration was used. The study [17] investigated
quantitatively how adding obstructions to a parabolic
trough collector's (PTC) reception tube affects heat
transfer about the apparatus's total thermal efficiency
and its use in PTCs.

3. MATERIALS AND METHODS

To evaluate the FPSC with ne-HTF, four sample
months (March, May, June and November) are selected
for the studies. Monthly averages of daily weather
observations serve as the basis for the definition of
ambient temperature and transient solar irradiation.
Using data obtained from six sources, this research
tested the effectiveness of Al20s-water nanofluids in
FPSC. Various intelligent models are trained and their
predicting abilities are evaluated using this very large
experimental database.

3.1 The Flat Plate Solar Collector (FPSC) Model

A temporal FPSC model that is two-dimensional is
examined. The problem's boundaries and design of
front and side view models are shown in Figure 1. This
work used computational methods to examine the
unpredictable actions of FPSCs based on Al20s3-water
nanofluids under various environmental variables
along with particle volumetric concentration and mass
transfer rate. To reduce the selected surface's
radiation and conduction losses, a 3.2 mm thick clear
glass cover is used. Because trapped air is see-through,
this stops the surface of the absorber from releasing
any heat from the surrounding environment.
Smothering the absorber is the copper sheet and its
outermost layer is coated in a dark tone to increase
absorption to make it more selective. Underneath the
copper sheet, there are copper tubes that re-circulate
the fluid, transferring the absorber's usable heat to the
working fluid. The surface of the absorber can have its
heat removed using heat transfer fluid (HTF).

3.2 Dynamical Framework

Each part of the FPSC has its own set of energy
balance Eq. (1), which is solved using an iterative
approach. Very little of the sun's rays reached Earth
because of convective heat loss to space and radioactive
heat loss to space could reach the operating fluid enters via
the outer absorbent plate on the outside of the glass cover.

as as
(me%). = (kAagy), +JsotarthnBe = 9Bt (Sh = Sex) =
EhUBt(S;; - S;’ky) + Eabso'Bt (Sgbs - Sﬁ) - gairBt (]—)

To find the glass's surface convective HT coefficient
about the wind speed, the following Eq. (2) is used.
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Fig. 1 — FPSE Model
Jo = 3.9Uying + 5.62 2)
When uwind = 3 m/s is the wind speed.
Ssky = 0.05525%° 3)

For a particular control amount of air that is trapped
above the covering of glass and absorbent, the energy
balance Eq. (4) is represented as:

(mc Z_:)air = (le Z_‘f/)air + gairBt(Sh - Sair) + gairBt(Sabs - Sair) (4)

Where guir corresponds to the air thermal transfer of
heat ratio that is caught through the plate that absorbs
and covers glass.

Nty = [0.06 ~0.017 (%)] Gri/3 (5)

In which A denotes the collector's angle of inclination.
6=45° is the definition of the angle of inclination.
However, the nomenclature provides the concept of a
dimensionless Gr number.

as as
(mc E)abs = (le ﬁ)abs +]solar‘rabsaabsBt - ggseBt(Sabs -

Sgse) + SUBt(S;: - S:bs) = airBt(Saps — Sair) (6)

Here mc is the energy Eq. (7) for the water in the riser
tubes about the quantity under control:

a a
(mC a_‘:v)gse = (le ﬁ)gse + ggSeBt(Sgsg - Sabs) (7)

One can figure out HTF's convective transfer of heat
ratio by using the correlation. The components of the
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absorber plate and the surrounding air thermo physical
characteristics are detailed in Table 1.

Table 1 — Thermal characteristics of FPSC components

Material Glass Air Absorber
Specific heat, c(J/kg K) 751 1008 | 386
Density, p (25) 2501 | 1.615 | 8933
Thermal conductivity,

k(W/m K) 1.5 0.04 402

In this study, three different ne-HTF's that are soluble
in water are examined. The density and specific heat
Eq. (8, 9) are used to determine the values for ne-HTFs
coupled with the laws of classical mixture.

_ Do(pd)o+(1—y)(pd)e
dme N (1=do)petdopo (8)
Pme = (1 - ¢o)pe + ¢opo (9)
Furthermore, the parameters of working fluid

viscosity and thermal conductivity are set according to
the actual data, rather than using theoretical models.
Three different volume fractions of Al2Os 1%, 2% and 3%
are used in the investigation, with distilled water serving
as the base fluid shown in Table 2.

Table 2 — Working fluid physical properties

Material Water | H,0 (1% | H,0 (2% | H,0 (3%
vol.) vol.) vol.)

Specific heat, ¢ | 4181 4060.9 3947.7 3840.9

Density, p (%2) | 1001 | 1023.8 | 1051.9 | 1078.9

Thermal

conductivity, k | 0.577 | 0.621 0.635 0.656

(W/m K)

Viscosity, 1.01 | 113 1.29 1.58

u(mPa s)

Pr (9 727 | 7.34 7.95 9.18

3.3 Data Compression

The following is the Eq. (10) for determining the flat
plate solar collector's thermal efficiency:

Tuseful

— — mc(Soutr=Sin) (10)
]solarBt+Xpump ]solarBt+Xpump
When the power required pumping the fluid is
determined by the following Eq. (11):

Xpump = (%) Ao (11)

The pressure drop for a straight, smooth tube can be
calculated by drawing the energy balance over the inlet

and outlet portions and solving for DP, where

AO =e (S) (pTUZ) Here is the Eq. (12) that gives the rate

of exergy gained:

Ex = me [Souc = Sin = Seoln (224)] + (ndS)ans 37 (1 -
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Seo

)+ dS)air (1 -52) + Sz (1-3)  (12)

Sabs ir

A definition of exergy efficiency is:

Ew = —— 13)

B Bt[]salar(l_i_l;)]

Where S; is the apparent sunlight temperature, which
is around S; (3/4) S*and serves as an exergy source. S”
Represents the sun's apparent black body temperature,
which is about sun (= 6000 K).

4. RESULT AND DISCUSSION

Designed for use in ne-HTF FPSC evaluation, four
sample months March, May, June and November are
selected for the studies. It is expected to ensure the FPSC
continues to receive the operating fluids at a constant
temperature all day long at 25°C. The basic fluid is water
that takes into account ne-HTFs at 1%, 2% and 3%
volume fractions with water. FPSC efficiency the working
fluid's mass flow rate is crucial and the HTF mass flow
rate is adjusted across a wide range, from
0.004 — 0.06 kg/s, to consider thermo physical qualities at
different Reynolds numbers.

4.1 Variation in Outflow Temperature as a
Function of Weather

Sunlight hitting the surface, the climate at the HTF's
outlet and usable heat changed over four months in
Fig. 2. The same image depicts the residual of the
system's energy balance at each time step. At each time
step, the projected outcomes reasonably meet the first
rule of thermodynamics, since the largest divergence
from the energy balance is less than 0.8%. The results of
this first investigation show that the maximum
temperature at which the ne-HTF can be discharged is
between 32.9 and 36.7 degrees Celsius. The average
temperatures at which the HTF's outlets are open
throughout the spring, summer and autumn (i.e., the
months of June, May and November) are quite similar. In
terms of the average temperatures at the outflow, the
difference is less than 1.5 degrees Celsius. With
insolation periods of about 13 hours in June, 14 hours in
May and 11 hours in November. As things stand, the
collector can maintain a constant 30 degrees Celsius for
the ne-HTF all year round. As things are, the technology
isn't suitable for anything other than providing home hot
water. Both the usable heat and the HTF's output
temperature are strongly affected by how fast the ne-
HTF is flowing through the system. The right working
conditions for the actual application can be determined
by a design engineer by considering the datasets, which
can be experimental or numerical, for the FPSC. An
extensive analysis of how various operational and design
factors affect the output temperature and usable heat is
provided in the following sections.
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Fig. 2 — FPSC outflow temperature and useable heat

4.2 Influence of Fluid Used

The impact of November affected the efficiency of
FPSCs, as do the working fluid and mass flow rates and a
well-known property of fluids is that their thermal
resistance decreases with increasing fluid Re number
when passing heat via narrow tubes. That is, efficiency is
type-independent; it grows with mass flow rate.
Curiously, at lower mass flow rates, the FPSC containing
ne-HTF outperforms pure water in terms of thermal
efficiency. Increasing the concentration of nanoparticles
inside the ne-HTF improves efficiency at flow rates lower
than 0.016 kg/s. Table 2 displays that adding
nanoparticles increases the viscosity of ne-HTF and hurts
specific heat with increasing nanoparticle concentration.
Obtaining the turbulent flow regime requires critical
mass flow rates, which vary between working fluids
because nanoparticle addition changes their thermo-
physical characteristics. A mid storm, the convective
transfer of heat ratios of Ne-HTFs is moderate and they
are laminar at 0.016 kg/s. Thus, changing water
improved performance and a shift from smooth to
turbulent flow by about 10%, from 71% to 82%.

In turbulent environments, with flow rates greater
than 0.016 kg/s, nanoparticle loading negatively impacts
FPSC efficiency. Viscous losses rise with an increased
rate of flow for working fluids that have been increased
by nanotechnology. Though ne-HTF has better thermal
conductivity, it cannot have a substantial effect at higher
Reynolds numbers due to reduced relative values of
convective and total thermal challenges over the FPSC.
Nanofluids achieved the greatest achievement of 74.36%
efficiency in May for laminar flow at 3% volume and
0.016 kg/s. Rather than solving for steady-state, the
model takes thermal inertia into account for every FPSC
part. Thermal inertia accounts for about 30% of the
working fluid's contribution. While ne-HTF's work best in
regimes of laminar flow, water that is thin and very hot
is more efficient at higher flow rates. There is a four-
month display of thermal efficiency for different flow
rates in Fig. 2. Given the relationship between flow rate
and HTF type, it is reasonable to assume that it has
similar effects year-round. At lower flow rates, ne-HTF
seems to improve daily average efficiency.

The operating fluids and mass flow rate impact
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November FPSC performance as per the second law. The
exergy efficiency of any mass flow rate increases, causing
a decrease in HTF, possibly due to the impact and the
effectiveness of exertion is diminished when
nanoparticles are present. This occurs because, at greater
mass flow rates, the exit temperatures of HTFs are
rather constant. The exergy efficiency rises as the
concentration of Al203 nanoparticles rises. Reports of
similar conduct were made. An exergy efficiency of 3%
was achieved using a velocity of 0.004 kg/s and an Al20Os
amount percentage could be increased to 7.13%.

5. CONCLUSION

This study shows nanofluids increase FPSC thermal
efficiency. A novel method is proposed for analyzing the
thermal inertia of nanofluid-based FPSC components such
glass, trapped air, absorber and nanofluid. The study
found considerable outlet temperature gains, notably in
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Bukopucranusa COHAYHOTO BUIIPOMIHIOBAHHS JJISI TEIUIOBHX I[JIell € 3BMYANHOI IMPAKTUKOK IS ILJIOCKUX
comsturmx kosekTopiB (FPSC), ame ix TemmoBa edeKTHUBHICTh HUKYA. Horo BHUKOPHUCTAHHS MOKe OyTH OIHHM i3
Croco01iB BUpIMMTH IIpobsreMy HaHOUIOINIB sk pobounx pinuH y FPSC, skl MaoTe HoTeHIa /IS TOKPAIeHHS
3IATHOCTI HAKOIMYIYBATH eHeprio. Y I poGoTi OyJsi0 po3pobJIeHO Ta BHUIIPOOYBAHO HOBHMI METOH BUMIPIOBAHHS

TemwI0Bol iHepIri pPIi3HWX KOMIIOHEHTIB CKJIa,

3aXOIIEHOTO IIOBITPA,

HOTJIMHAYA TA HAHOPIOWHU, SKI €

06007-5


https://doi.org/10.1016/j.renene.2019.10.127
https://doi.org/10.1016/j.est.2021.103369
https://doi.org/10.1016/j.est.2021.103369
https://doi.org/10.1016/j.jclepro.2021.129525
https://doi.org/10.1016/j.jclepro.2021.129525
https://doi.org/10.1016/j.jclepro.2021.128573
https://doi.org/10.1016/j.nanoen.2021.106069
https://doi.org/10.1016/j.est.2021.103813
https://doi.org/10.1007/s11630-019-1134-4
https://doi.org/10.1007/s11630-019-1134-4
https://doi.org/10.1016/j.renene.2020.04.062
https://doi.org/10.1016/j.solmat.2019.110323
https://doi.org/10.1016/j.solmat.2019.110323
https://doi.org/10.1016/j.molliq.2022.119655
https://doi.org/10.1016/j.molliq.2022.119655
https://doi.org/10.1016/j.solener.2021.06.072
https://doi.org/10.1016/j.seta.2021.101179
https://doi.org/10.1016/j.seta.2021.101179
https://doi.org/10.1016/j.jtice.2021.04.011
https://doi.org/10.1016/j.jtice.2021.04.011
https://doi.org/10.18280/mmep.060313
https://doi.org/10.18280/mmep.060313
https://doi.org/10.1016/j.renene.2020.02.018
https://doi.org/10.1007/s41660-021-00213-3
https://doi.org/10.1007/s41660-021-00213-3
https://doi.org/10.3390/nano12030419

D. KUMAR, V.V. UPADHYAY ET AL J. NANO- ELECTRON. PHYS. 16, 06007 (2024)

kommoumentamu FPSC, sAKI BHKOPHCTOBYIOTH HAHOTEXHOJIOTIL. ¥ OCJKEHHI pPO3MVIANAIOThCI BOaA Ta
"HanouactuHkH Al:Os B o0eMHmMX KoHIeHTpamiax 1%, 2% ta 3%. ¥V 1boMy IJOCIIKEeHHI TerIodisuyaHi
XapaKTePUCTUKN JOCIKYIOTECS IIpu pisHmx Burparax macu terwtoHocis (TPT) (0,004 — 0,06 xr/c). 3rimHo 3
OTPUMAHVMMU JAHUMH, ¥ TPABHI HAMOLIbIIE IMIBUINEHHS TeMIIePaTypy HA BUXOMI 34 IIEBHUX YMOB MOYKE JIOCATATH
7,22% (0,004 xr/c, o6emHa wkoHIeHTparisa 3%). Iloremiiiime Buxopucranus FPSC Ha ocHOBI HaHOQJIOITIB
BHUCBITJIEHO ITUM OOUMCJIIOBAJIGHUM AHAJII30M, KW IIPOIIOHYE BaKJIMBE PO3YMIHHSA IX TEIJIOBUX XAPAKTEPUCTHUK.
JlocmikeHts gomoMarae 3allOBHATYA TPOTAJMHU B 3HAHHSAX JUHAMIKA HAHOQJIIONB 1 BKA3ye MNUIAX IS
MaiOyTHBOI poboTH, 1100 MakcumidyBaTu edertuBHicTh FPSC y 10BrocTpokoBOMY BUKOPHCTAHHI COHSYHOI eHepril.
Basxnueo, 110 Ipy MEHIMH MBUIKOCTI MOTOKY HAHOMJIIOIMM MOMKYTH IIIBUIIATH TEIUIOBY edertuBHicTh FPSC;
IpoTe B TIEBHUI MOMEHT OCHOBHA PITMHA (DAKTHIHO IIEPETBOPIOETHCS HA pobouy. [loToure moc/ireH s TOKa3alIo,
110 0,016 Kr/c € OCHOBHOIO BUTPATOIO.

Knrouogi ciosa: [1nocki mmacturuacti coustuni kosexropu (FPSC), Comsune sunpominosauns, Haropinuaa.
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