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Abstract- Solar energy-based techniques are the best techniques that converts the solar radiations in to useful form of energy like
mechanical, thermal, chemical and electrical energies. This review article emphasizes on the solar energy-based technique that is
flat plate solar water heater (FPSWH). Water has been used in FPSWHs for a long time, but it has less thermal conductivity, so
there was a need of fluids, having high thermal conductivity. After several researches nanofluids were found, which have higher
heat transfer capacity (thermal conductivity) than any base fluid like water, due to high thermal conductivity, system efficiency
increases. This is the reason that now a days nanofluids are used in FPSWHs instead of base fluid (water). This study based on the
previous experimental and theoretical analysis which have been done on nanofluids in FPSWHSs. This study shows that with the
increment in mass flow rate difference between inlet fluid temperature and outlet fluid temperature increases. With the use of CuO-
water nanofluid efficiency of FPSC improves 5% as compare with water at same working conditions. Exergetic efficiency for CuO
hybrid nanofluid was 70.63% and for MgO hybrid nanofluid was 71.54%, which indicates that the use of MgO hybrid nanofluid is
more efficient than Hybrid CuO nanofluid. When wavy and spiral pipes are used in collector to change the direction of flow,
coefficient of heat transfer and the value of Nusselt number are increased.
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l. INTRODUCTION

The energy consumption increased in the world due to day by day changes in human lifestyle and development of new
technologies. We have limited quantity of conventional sources to produce energy and these conventional sources also adversely
affect the environment and world’s economy. So there is a need to use sources which are environment friendly and abundantly
available. To meet the need renewable energy sources are the best option. Wind energy, solar energy, hydropower, tidal energy etc.
are the examples of renewable energies. Among these, solar energy distributed widely throughout the world. The utility of solar
energy is increasing continuously in the field of energy generation [1].

Solar energy is converted into several kinds of energy like chemical, thermal, electrical and mechanical. The solar collector works
as a heat exchanger, which converts the incident solar radiation comes from sun into thermal energy in solar thermal related
applications by solar collector and electrical energy for photovoltaic related applications by photovoltaic cells. Solar collectors are
mainly of two type’s concentrator and nonconcentrator. Nonconcentrator is also known as FPSC (flat plate solar collector). FPSC
absorbs solar radiation coming from sun and transforms it into thermal energy and transmits this thermal energy to the fluid passing
in the collector to heat up the household water. FPSC have both in industrial and domestic applications. Conventional FPSC has
low thermal efficiency due to low heat transfer coefficient between solar collector (absorber) and fluid passing through it. In recent
trends to enhance the collector’s performance, many other heat transfer materials are used, nanofluid is the one among them [2].
Nanofluid contains nanoparticles (very small sized particles <100 nm). These nanoparticles make a colloidal solution with base
fluid. These nanoparticles are suspended in the water or any other base fluid [3].

Several studies have been conducted to analyze the effects of nanofluids on the performance parameters of FPSC. Yijie Tong et
al. (2020) analyzed the effects of several nanofluids on the system performance characteristics of FPSC. The System performance
increases when nanofluids are used and under several working conditions sensitivity of performance is lower than in the case of
water or any other base fluid. The highest system efficiency has been achieved when MWCNT was used as nanofluid in FPSC [4].
M Faizal et al.(2013) investigated that the utilization of nanofluids in FPSC, can achieve the same required output with smaller
size collector as achieved with water based bigger size collector. It had been evaluated that with the use of Al;O3 TiO,, SiO,, and
CuO, someone can save 8618, 8857, 8625 and 10239 kg respectively for 100 units of FPSC. If nanofluids are used in solar collector,
it can also reduce cost of environmental damage [5]. Erdogan Arikan et al. (2018) investigated the effect of nanofluids, ZnO-water
and Al,Os-water with and without EG (ethylene glycol) on the FPSC’s efficiency. The volume concentration of EG and
nanoparticles were 25% and 0.25% respectively. The analysis was performed for 0.09 kg/s, 0.07 kg/s and 0.05 kg/s rate of flow.
This investigation showed that by the use of EG and increment in flow rates, System efficiency was increased [6]. Mohammad
Shafiey Dehaj & Mostafa Zamani Mohiabadi (2019), conducted an experiment on solar collector used with heat pipe (HPSC) and
MgO-water nanofluid was used. This analysis showed that with increase the flow rate of coolant, system efficiency increases.
System efficiency of heat pipe solar collector (HPSC) was achieved higher with MgO-water nanofluid than with pure water [7].
Dinesh Babu Munuswamy et al. (2020) have done an experimental analysis with two FPCs, one without fins and another with
longitudinal fins were used in solar collector of 5 m? area. Inside the collector thermocouples of K type were used to find out the
temperature changes inside the solar collector. Two nanoparticles CuO and Al;Os with changing weight fractions were used.
Collector with fins gained higher efficiency than without finned collector. Al,O3zbased nanofluid gained higher efficiency than CuO
based nanofluid [8].
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Eric C. Okonwo et al. (2020) evaluated the system performance of FPSC by the use of water, hybrid nanofluid (alumina-
iron/water) and alumina-water nanofluid. Nanoparticles are used with 0.2%, 0.1% and 0.05% fractions and thermal properties of
nanofluids were estimated in changing temperature ranges. When water is compared with nanofluid and hybrid nanofluid, system
thermal efficiency was reduced by 1.79% with hybrid nanofluid and 2.16% increased with alumina-water with 0.1% concentration
[9]. Mohammad Reza Saffarian et al. (2020) have been used CuO/water and Al,Os/water nanofluids at fractions (volume) 4% and
1%. With nanofluids they also changed the flow direction in the FPSC for the enhancement in coefficient of convective heat transfer.
To change the flow direction Wavy, spiral and U- shaped pipes with equal lengths are simulated on the steady state and three
dimensional continuity equations, momentum and energy equations were solved. Nusselt number (Nu) and coefficient of heat
transfer were increased remarkably when spiral and wavy pipes have been used. Pressure drop was highest for wavy pipes. When
nanofluids have been used in place of water heat transfer coefficient was increased. This analysis also showed that Nu was decreased
in all cases because of significant enhancement in thermal conductivity with the nanofluids, except with 4 % concentration of CuO
[10].

2. Nanofluids

2.1 History of nanofluids:

In early days solar fluids like ethylene glycol, oil and water were used in FPSWHs for both industrial and household purposes, but
theses fluids have low thermal conductivity. To improve the thermal conductivity in these solar fluids, several researches have been
done and nanofluids came in to picture. Nanofluids are, in which nanoparticles (size <100 nm) are suspended in base fluid. Maxwell
introduced this first time in 1881 [11].

2.2 Applications of nanofluids:

Recently to improve the system performance of FPSC several types of nanofluids are used. Due to high thermal conductivity,
nanofluids have several applications. Some of these applications are: solar cells [12], solar stills [13], thermal energy storage [14],
direct absorption system [15], thermoelectric cells [16], air conditioning system and circular heat exchanger [17], etc. Applications
of nanofluids are shown in fig 1.

2.3 Preparation of nanofluids:

Nanofluids are formed when nanoparticles (size < 100 nm) with some % fraction mixed in base fluid. This is a colloidal
mixture, in which nanoparticles are suspended into base fluid. When only one nanoparticle is used it is called single nanofluid, but
recently more than one nanoparticles are used with base fluid then such nanofluids are known as hybrid (composite) nanofluids.
Some times to increase stability of nanofluids and for better dispersion of nanoparticles, which are suspended in base fluid,
surfactants are added. These surfactants change the transient properties such as viscosity and thermal conductivity of nanofluids.
Fig. 2 shows, the several kinds of base fluids, nanofluids and surfactants are used.
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Fig.1: Applications of Nanofluids [2].
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Fig. 2: Types of Base Fluids, Nanoparticles and Surfactants [2].

3. Theoretical and experimental studies done on FPSCs with nanofluids:

Several studies or analyses have been done on FPSCs when nanofluids were used. In these nanofluids, nanoparticles are put in
base fluid and these nanoparticles are taken in different volume/weight concentrations, different sizes, mass flow rate and types of
nanoparticles. Table 1 shows some previous studies, which have been done on FPSCs with nanofluids.

Table.1: List of previous studies on FPSC using Nanofluids [18-27]

Resource Analysis Base Details of Nanoparticles Used Mass Observations
Persons Type Fluid Flow
Rate
Type Size Volume/
(nm) Weight
Concentration
(%)
Omid Experimental Water Al;O3 25, 50, 4% (wt) 0.1-0.8 Outlet temperature increases
Mahian 75 and (Kgls) with the increment in volume
etal. 100 fraction and decrease with the
(2014) nm increment in the nanoparticle
[18] size.
Alper Numerical Water Al;O3 - 1%, 2% and  0.004-  Maximum increment in outlet
Meta 3% (wt) 0.006 temperature achieved 7.2% at
Genc (Kg/s) 0.004 Kg/s and 3%
etal. (concentration), and the highest
(2018) system thermal efficiency
[19] achieved 83.9% at 0.006 Kg/s.
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Resource Analysis Base Details of Nanoparticles Used Mass Flow Observations
Persons Type Fluid Rate
Type Size Volume/
(nm) Weight
Concentration
(%)
Moshen Experimental Water Al>0; 20 nm 0.1% (vol) 1,2and Optimum efficiency
Mlrzaei 3 achieved at 2 LPM and
etal. (LPM) collector efficiency
(2018) increased about 23.6%.
[20]
Nitesh Experimental ~ Water Al;Os 10-15 0.1% -0.3% 1-3 When volume
Singh with nm (vol) (LPM) concentration increased
Rajput sufactant from
etal. Sodium 1 to 3 %, collector
(2019) dodecyl efficiency increased upto
[21] sulfate 21.32%.
(SDS)
AR. Experimental Water SiO; 12 nm 1% Varies Difference between inlet
Naghreha- Between and outlet temperature
badi 0.35 and decreases when rate of mass
etal. 2.8 (LPM) flow increases.
(2016)
[22]
Sujit Experimental Water MgO 40 nm 0.25% 0.5 For 0.75% volume fraction
Kumar 0.5% 1.0 and 1.5 LPM exergetic
Verma 0.75% 15 efficiency and thermal
etal. 1.0% 2.0 efficiency increased by
(2016) 1.25% 25 32.23% and 9.34%
[23] (vol) (LPM) respectively.
M. Vakili Experimental Deionized  Graphene - 0.0005% 0.0075 For both base fluid and
et al. Water Nanoplat- 0.001% 0.015 nanofluid highest efficiency
(2016) eletes 0.005% 0.225 obtained at 0.15 Kg/s and
[24] (wt) (Kals) nanofluid with fractions
0.0005, 0.001 and 0.005%
the zero loss efficiencies are
83.5%, 89.7% and 93.2%
and for base fluid it was
70%.
Nang Experimental Water CuO 25 nm 0.1% - With the use of CuO- Water
Khin 0.5% nanofluid, efficiency of
Chaw 1% and FPSC enhances upto 5% as
Sint 2% compared with water at the
et al. same working conditions.
(2017)
[25]
P. Michael  Experimental water CeOyf 25 nm 0.01% 1-3 78.2% maximum efficiency
Joseph Water (vol) (LPM) obtained, which was 21.5 %
Stalin more as compared to water
et al. as base fluid. And this
(2017) maximum efficiency
[26] 0.01% achieved at 2 LPM, so 2
(vol) LPM is optimum flow rate
in this case.
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Table.1
(Continued)
Resource Analysis Base Details of Nanoparticles Used Mass Flow Observations
Persons Type Fluid Rate
Type Size Volume/
(nm) Weight
Concentration
(%)
Sujit Experimental Water Hybrid - 0.25-2% 0.5-2 Energetic and exergetic
Kumar CuO and (vol) (LPM) efficiencies for CuO hybrid
etal. hybrid nanofluid were 69.11% and
(2018) MgO , 70.63% and for MgO
[27] with hybrid nanofluid were
MWCNT; 70.55% and 71.54%

respectively. That means
performance result was
better with MgO hybrid
nanofluid than hybrid CuO
nanofluid.

4. Conclusion

This article gives the overview of latest developments in the field of FPSC with nanofluids. By the use of nanofluids system
thermal performance increases of FPSC, so nanofluid based FPSC may be used efficiently in industrial and domestic purposes.
Some gained conclusions are the following:
o To increase the collector performance and absorption of solar radiation, use of appropriate nanoparticles and long- time
stability should be necessary. When the stability of colloidal mixture of nanofluid is long time then it increases the system
efficiency and for long time stability of nanofluids, surfactants are used.
. Collector efficiency is improved with the increment in volume concentration, but if volume concentration is increased so
high, collector efficiency decreases because at high volume concentration viscous forces are increased and rate of heat transfer is
decreased. Outlet temperature increases with increase in concentration (volume) and decreases with increase in the size of
nanoparticles. As nanofluids have more thermal conductivity than base fluids like water, so if nanofluids are used system
efficiency increases.

o Heat transfer coefficient increases if the direction of flow for nanofluids is changed. For this U shape and spiral pipes
could be used in the collector. Collector with fins achieved higher efficiency than without fins.

. 5% efficiency of FPSC improves, if instead of water (working fluid), CuO- water nanofluid is used.

. Since energetic and exergetic efficiencies for CuO hybrid nanofluid were 69.11% and 70.63% and for MgO hybrid
nanofluid were 70.55% and 71.54%, which denotes that MgO hybrid nanofluid performs well.

o At 0.1% concentration for Al,O3 - water nanofluid, efficiency increased 2.16% and for hybrid nanofluid (Al,Os-

Fe/water) efficiency decreased 1.79% as compared with water (working fluid).
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