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Abstract: All solar thermal systems, due to their thermal nature, can be hybridised or operated with both fos-
sil fuel and solar energy. By enhancing availability and dispatch ability, hybridization has the potential to
boost the value of concentrating solar thermal technology. Hybrid photovoltaic thermal systems (PV/T) offer
a solution to improve on the limited capacity growth seen with standard solar panels. The analysis focuses on
the creation of alternative structural and design solutions that may be used to boost lacking efficiency that
was previously hampered by limited spectrum absorption of sun light. As a result, the spectrum is separated
into two spectrum ranges, one that directly matches the bandgap of PV materials and the other that is ab-
sorbed for thermal absorption outputs. Most two channel systems are used to capture or reflect sunlight, with
the layer specifically located right above the PV cell. Another layer of nanofluid is employed to evacuate heat
from the PV cell, acting as the second channel, to specifically eliminate overheating difficulties. To address
concerns that have arisen as a result of years of observation, the most recent study involves
nano-particle-based fluids employed in PV/T, which uses a cooling medium to provide an alternate heat
transfer option. Aside from nanofluids, there are phase change materials, channel alterations that result in a
higher flow rate and hence improve overall performance.

Keywords: hybrid photovoltaic; thermal systems; carbon-based fluids; hexagonal honeycomb; PV cells

1. Introduction

For the upcoming generation, electricity demand will be at an all-time high. At the moment,
we derive roughly 70% of our electricity from burning fossil fuels. The remaining demand is met by
renewable energy sources, which must be accelerated if global emissions are to be reduced. Com-
panies are focusing all of their efforts on electric vehicles in order to reduce carbon footprints in any
manner feasible. For that, generating electricity to meet futuristic innovation and technologies
comes under government Initiative of ‘green energy’. 196 countries jointly signed Paris agreement
mentioning serious concerns for an increase in global average temperature estimation by 2° Celsius.
Requirement for reduction of energy related emissions demand innovation and research related
organization and institution to derive new ways to improve existing renewable technologies. Uti-
lizing solar energy with better model development can resolve plenty of such issues. The amount of
sunlight and its quality plays an important role in calculating efficiency of power generated via so-
lar panels. One of the approach can be to increase the size of panels in areas with good quality-
quantity availability of sun light, that can be compromised with regions with shadow areas. The
more will be the efficiency of solar panels, the higher will be prize range. To deal with it, govern-
ment is providing subsidies which cut nearly half of its cost range with installation. The other can
be to work on structural and design techniques and replace the conventional solar panel materials
which earlier used or require hard surface to convert sun light into usable form of energy that is
electricity [1,2]. Advancement of technology leads to more efficient solar thermal collectors which
would be able to convert full range of sun light which was earlier not possible. Example of such are
previously used single junction photovoltaic cells which were facing drawbacks for not proper en-
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ergy conversion for the input range of light falling on them. Previously recorded electrical efficiency
was 43.5% [3]. The differentials on types of solar collectors depending on type and nature of collec-
tors are: - (i) flat plate solar thermal collector or non-concentrating collectors (ii) concentrating col-
lectors.

Collector collection or experimental variation that can add up effective panel design, are the
types of channel arrangement [2,3], glazing techniques [2], heat transfer fluids specifically their flow
rates can provide value addition on the output efficiency of solar panels [4]. Initially, collector tem-
perature are provided for different temperature range for both non-concentrating and concentrating
collectors and variation parameters are then changed [4,5]. As it has been observed due to unmet
demand of threshold energy of a photon leads to inadequacy of electron hole pairs in a solar cell
causing valid decrease in output [6,7].

1.1. Flat plate solar thermal collector or non-concentrating collectors

The basic idea of what flat plate solar thermal collector consist of; a flat dark black material,
which is a large plate and its orientation lies in such a manner that, light rays when fall on the large
black plate, it ends up heating the plate [8,9]. The thermal energy then generated is used as working
fluid, via tubes. Or ducting can be further used for various purposes [10].

1.1.1. Structural designs
The basic structural design used in a flat plate thermal collector are

e  Absorber
e  Coversheets
e Anisolating box

The flat plate collector with different layers is shown in Figure 1. Light rays falling on glazing
cover helps with needed radiation requirement for the absorber. Followed by PV glass to stop the
radiations from emitting out, and decreasing overall energy conversion, and to build up connection
for electricity conversion with the help of photovoltaic effect including the base insulating box
[11,12]. EVA layer (Ethyl vinyl acetate) work as a protective layer to deal with adverse climate con-
dition. Tedlar, a film with versatile properties, being inert and non-sticky helps in providing finish-
ing touch to PV cells [13-15]. The absorption variation accounts for surface absorption parameters
also known as Conventional Surface Collectors [16]. The material used to manufacture absorption
metal plate used at the bottom of the flat plate collector, be nitrides, carbides or oxides of metal
example, Cu, Ag. TiNOx based metal oxide coating is used to gain maximum efficiency for
non-concentrating collectors [2,4].

Frame

Glazing

PV Glass
EVA

PV Cells

EVA
Tedlar
Adhesive

Absorber & Flow
channel

——Insulation

Figure 1. Flat plate collector with different layers (Reproduced with permission from [17]).


https://doi.org/10.20944/preprints202306.1218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 June 2023 doi:10.20944/preprints202306.1218.v1

1.1.2. Reasons affecting efficiency of Flat plate solar collector

The properties may then vary on the type of collector needed to manufacture. For first, ab-
sorber plate is meant to absorb as much as possible solar irradiance (that is the amount of sun light
falling on a surface per unit area) also expressed as irradiance flux [18-20]. Following that, heat ab-
sorbed into electricity is converted using heat transfer fluid contained in ducts and tubes. One of the
reasons which typically adds up to low efficiency of solar collectors is its cooling medium [21,22].
As observed, PV cells shows low output with rise in temperature because of the external damage
varying from fluctuating environment condition or damage done during installation and internal
damages such as cell cracking, short circuits [4]. As a result, generating an acceptable quantity of
heat in the surrounding environment has become rather crucial.

1.1.3. Options to deal with heat loss

To help FPSC’s with less heat loss an insulated thermal screen is put into place. As water being
an easily accessible liquid, earlier fluid options were limited to water. In addition to accessibility, it
shows good thermal properties high mass density and high volumetric heat capacity. Due to certain
disadvantages like a regular need of change, formation of bubbles with varying weather conditions
or freezing reasons made researchers to replace water existing technologies [23,24]. Phase change
material is one of another solution, example refrigerants which changes its phase properties like a
change in phase from liquid to gas when there’s an increase in temperature [15]. On other hand we
have antifreeze liquids, or to use nano fluids which is basically liquid used to transfer thermal en-
ergy which earlier was of no use and was lowering down its overall efficiency. It not only cuts ad-
ditional equipment cost used earlier to check for the contamination or less output results, less regu-
lar attention for replacement of water is no longer needed. Coversheets, multiple cover sheets can
be used to curb convective heat loss. Numbers may vary on the range of temperature we are deal-
ing with. At ambient temperature cover sheets are not required as there is least or no heat loss. But
above ambient temperature two and for extreme climate conditions up to three can be made in use.
As the thermal efficiency varies directly with coolant temperature, the heat released can be chan-
nelized back to thermal generation [25,26].

1.2. Channel Geometry

The most common factors resulting in downgrading efficiency were low fluid flow rate, low
convection rate, heat loss, thermal insulation. To find a balance between all and increasing active
area for heat transfer fluid accessibility, investments in different channel patterns were made. Some
of which are, fins, consisting of number of metallic strips used to enhance convection rate coeffi-
cient. And channel patterns involving V-grooved, Honeycomb, rectangular, square with different
outlet supply system(double and single pass channels) [27-29]. Though number of parameters
while creating such geometries may vary depending on fin number, their height, thickens and the
specific material with which they are designed. Figure 2 shows the fins channel pattern in PV mod-
ule.

““““““““““““ A— PV module
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Figure 2. Fins channel pattern in PV module (Reproduced with permission from [4]).
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Other such channel geometry are; wick type geometry, which are further segmented under Ba-
sin wick type, floating wick type, multiple wick type solar still [4]. While manufacturing such ge-
ometries some factors need to considered for maximum result outputs such as

e  Material involved should have high thermal conductivity
e It should be thick, so that there will be least temperature difference required to transfer heat to
its base

Tubes and sheets with same materials are more preferred to avoid galvanic corrosion between
them.

1.3. Concentrating Collectors

One intriguing idea was to focus light rays falling on the solar collector at a single focal point.
The goal is to provide a smaller surface absorption area in relation to a larger surface capturing ar-
ea. That was not only applied on structural features of concentrator but to receivers as well [30,31].
Increase output was observed as the multiple system act as the provider for direct concentrated so-
lar rays.

Concentrating collectors have wide variety, but the narrow classification can be considered
under single and two- axis tracking ways [32,33]. Each way has its own advantage of what temper-
ature need to be attained depending on environmental and location variation.

1.3.1. Parabolic troughs Collectors

Such collectors follow reflection to a point of line. Parallel rays of line coming direct from the
sun concentrated on the receiver for absorption [34-36]. The absorbed light rays are then directly
converted into electricity. The fact being sun rays are not every time parallel, the angle these inci-
dent rays follow are thoroughly maintained by rotating trough orientation [37,38]. More useful ver-
sions of parabolic trough collectors need less heat transportation [39,40]. Thus it can be best used on
roof tops. Thin film interference filters are most widely used for application purpose [10,17].

Receiver role is to absorb as much as irradiance flux its surface absorbs and convert it into usa-
ble energy form. The glass surrounding steel tube and the black color coating helps parabolic
trough collector preventing convection heat loss. TiO2 and ZnO materials are considered
non-appropriate absorbers and thus are not used more often [2]. Thermal energy converted is then
transferred to nanofluid taken in tubes or ducts. Depending on the rays that fall on receiver, its
types are further divided into omnidirectional receiver(for rays driving from any random direc-
tions) and point cavity receiver(light rays must travel through cavity receiver).

1.4. Heat Transfer Fluids

In optimization for the thermal energy loss, multiple nanofluid in different concentration were
tested some leads to a significant increase in efficiency output leading to a new version of collector
technology called Hybrid solar cells. As per theory Hybrid solar collectors can range almost double
of the present efficiency observed nearly to be at 43.5% [8]. The basic idea lies on intermixing of two
previously used cell properties (optical and thermal). For PV collectors where some limited amount
of solar spectrum (visible light rays) was utilized and second on thermal collectors, using UV and
IR radiation of solar spectrum [41-43]. To carry out high temperature needs, different optical filters
are copped with PV cell materials InGaP, InGaAs, CdTe, Si, Ge [2,8,44,45]. The type of application is
co-related to the choice of heat transfer fluid(nano-fluids) which is done by intermixing of nanoflu-
ids having particles with different optical resonance in solar spectrum range. Priority is given to
fluids with high operating temperatures in addition to affordability.

Fluids with lowest operating temperature is oil. Both synthesized and hydro-carbon based oil
are used but with their combined proportion operational temperature still approach up to 425°C.
Certain drawbacks including safety issue as oil being flammable and its requirement of extra heat
energy [46]. Some of the other examples are, steam, water (having limited absorption properties for
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higher wavelength rays), Nitrate Salt, Liquid sodium (operating temperature, 600°C) and Air and He-
lium (operating temperature up to 850°C) [47-49].

1.4.1. Preparation of fluid

PV most efficiently operated at low temperature. Hybrid solar panel are going to operate at
high temperature. Therefore, it becomes foremost important to look into account the type of fluid
use [51-53]. Biofluids for example exhibits vide range of properties essentially required to absorb
high wavelength bands, which previously were wasted thermally in a PV panel [50-52]. Base fluids
needs to be stable under condition where temperature varies rapidly and is not uniform throughout
the time period. Large conductive coefficient in addition to the fluid being non-toxic and
eco-friendly, provides a room for better functioning and replacement if required [8,44,45,53].

1.4.2. Issues faced using Heat transfer fluid

Even if hybrid heat transfer fluids provided a new area of development, some of the issue curb
and prevent Hybrid PV cells to reach their maximum energy output, because of agglomeration of
nanoparticles, low stability, and the effect generated on the walls of tubes which not only diversify
purity of fluids used, but also drops fluid flow rates and results in lowering their bars for potential
results [3,5,54].

1.5. Single Cell vs. Module

Module efficiency varies with upto 40% when a single cell output is considered in a panel.
Considering some intrinsic issues like that of node that provides gap and extensive wiring, it takes a
huge lot of time for electron hole pair to travel causing resistive loss [55-57]. Wiring let tons of
thermal energy being dissipated [58,59]. CTM (Cell to module ratio) calculations are used to meas-
ure such gaps in efficiency stats [60]. Efficiency of a modules is an important factor that creates a
direct impact on optimizing its cost [61,62]. Hotspots are another failure causing factor. Hard to lo-
cate power degradation in a panel, due to unequal emission over a surface, cause its valid explana-
tion and correction [60,63-65].

2. Results

Over few years, heat transfer has grabbed all the attention of researcher. In thermal
engineering, the exchange of heat energy between heat exchangers by heat transfer fluid is the main
area of concern. The number of applications, we encounter, require heat transfer fluid. Water, Oil,
vapours are the commonly used Heat transfer fluids. The typical heat transfer fluid work under the
condition of ceaseless cycle of the system. Due to low viscosity (higher tendency to flow) and high
specific heat capacity, water is one of the widely used HTV (heat transfer fluid). But, there are some
limitations of water that it has low conductivity and the freezing point of water is 0 °C (considered
lower temperature). However, this problem of freezing can be extent to higher temperature range
by adding some antifreeze heat transfer fluid (based Propane-1,3-diol), as this antifreeze additive
provide some unique properties [66].

HTV with high boiling point and high heat capacity is suggested because at low boiling point
the vaporization of fluid takes place for a very low temperature. The vapor produces move through
the channels and exert high pressure which may damage the heat exchangers [67]. Nanofluid is a
new step towards the heat transfer. It has replaced all the commonly used HTV. Nanofluids have
certain merits over other HTV. Nanoparticles (usually metals, oxides etc.) in a base fluid (water,
ethyl alcohol etc.) makes a nanofluid. This mixture is called as the colloidal suspension. Since, there
are solid particle in a base liquid, this is also called as a two — phase fluid [68]. Nanofluid has
evolved out as an excellent fluid which can be used for heat exchange system. It has been found
that nanofluid has enormous application in fire extinguisher, home refrigerator, Air conditioner etc.
but still there is one drawback which was found when nanofluids was under testing and it was seen
that there is agglomeration of particle which blocks the flow channel of fluid which may further
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decreases the thermal conductivity and affects the stability of the nanofluid [69-71].Every problem
comes with solution. There are several methods with which we can enhance the stability of
nanofluids [68,72].

2.1. Sonication

It is one of the most successful methods used for the deagglomeration of the nanoparticle. Very
high force is applied by the ultrasonic waves through the nanofluid. The agglomerated particles get
break down and produces a uniform suspension [73].

2.2. Magnetic Stirring

Magnetic stirrer can be easily found in the laboratories. In this method, the magnetic stirrer
keeps rotating the fluid by using uniform magnetic field which doesn’t let impurity to mix and also
deagglomerates the particles. Two knobs are present left and right know. The rate of stirring can be
control by left knob [73]. Figure 3 is the image of magnetic stirrer while preparing TiO..

Figure 3. Magnetic stirrer while preparing TiO2NPs.

2.3. Surfactants

Adding a limited amount of surfactants to the nanofluid help to increase the stability.
Surfactants work by minimizing the surface tension of the base fluid which resist the agglomeration
of the nanoparticle [71,74]. The physio-thermal quantity of nanofluid may get disturbed by use of
over surfactant, it may reduce the thermal conductivity [75]. The chemical structure of surfactants is
consists of two part — head and the tail [76,77]. The head is hydrophilic polar group and other is
hydrophilic tail called long chain hydrocarbons [68]. Examples of some commonly used surfactants
are — Aerosol TR-70HG, Aerosol TR-70, Hypermer LG [73]. {Citation}

2.4. Stability mechanism of nanofluids

The heat transfer property of fluid can be increase by the use of nanofluid. Somehow if thermal
property of nanoparticle could be intensify, the fluid efficiency could also be upgrade. During the
formation of the naonofluid, particle may get clump together which dilated particle size [78-80].
Increase in particle size could let them to get settle down in solution due to gravity. But there is no
agglomeration due to steadiness of the fluids. The reason behind, there exists some forces
(attractive Vanderwaal’s and electrical repulsive forces) among the particle. When the particle
moves, they performs the Brownian Motion, gives rise to these forces. Suspension will only be
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stable if the repulsive forces will be higher than attractive forces. The effect of different parameter
on the nanofluid stability is given in Table 1.

Table 1. Effect of different parameter on the nanofluid stability (Reproduced with permission from

[68]).
. 3-Glycid Oxyl Propyl
Si0, Water | Two Step 10 NR T ot Siens 12 months
TiO, Water | Two Step | 0.5-1.5 50 [ Clycid Oxyl Propyl NR

Trimethyl Silane

Ultrasonic Disrupter +
Al,O; Water | Two Step NR 60.4 [Homogenization by NR
Magnetic Force Agitation

3. Discussion
Characterization of nanofluid

Many researchers performed an experiment to improve properties of nanofluid. They ended
up with varying conclusion out of which some were contradictory and were not consistent. Some
properties discussed below are result of experiment performed by researchers, in the literature [81].

3.1. Density

Density is defined as mass per unit volume. It is important to account density in a heat
exchanger system, because density affect the pumping capacity. It is considered that by increasing
volume concentration of nanoparticle would increase density of nanofluid [82]. It is considered that
by increasing volume concentration of nanoparticle would increase density of nanofluid [68,81].
Density equation given by Pax and Cho [81] is

“Png = bps + (1= O)pyy " (1)

where “p,¢”and “ps “is the density of nanofluid and base fluid respectively, "¢ “is the volume
concentration.

In an experimental paper of Vajjha et. al [83], they performed an experiment for density
measurement of three different nanofluid — AlOs (Aluminium Oxide), Sb205:SnO:2 (antimony
tin-oxide), and zinc oxide (ZnO) nanoparticles in the base fluid of 60:40 of ethylene glycol/water by
mass. The experimental value for density was calculated by using Anton-Paar density metre as
shown in Figure 4.

Thosmostst to Constart Buffor to Store
Control the Values of A & B and also
Temperatire

Puarng JMOFF L
7 ! Sumitch Light ON/OFF Sample
Clhroulating Conetant E Bwitch injecticn Port
Tempemture Bath .

Figure 4. Anton-Paar density metre (Reproduced with permission from [83].
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The experimental values which were calculated from above experiment were in excellent
agreement with ASHRAE [84]. The data of measurement(over the temperature range (0 °C-50 °C)
and ASHRAE [84] value is given in the Table 2. The error and the average value between the
measurement [83] and ASHRAE [84] were also observed. A polynomial density equation as a
temperature function was developed by ASHRAE [84] data gives curve as shown in Figure 4.

The equation obtained is

Pny = —2.43E — 0.6T2 + 9.6216E — 04T + 1.009926 with
R?=0.9999, where 273K < T < 363K.

Table 2. Experimental value calculated from Anton-Paar density metre (Reproduced with
permission from [83].

Temperature Experiment ASHRAE Percentage

(°c) Error

0 1.743 1.091 1.5307

10 1.0694 1.087 1.6191

20 1.0642 1.083 1.7359

30 1.0571 1.078 1.9387

40 1.0502 1.073 2.1248

50 1.0482 1.067 1.7619

The curve fit equation for density as function of temperature is shown in Figure 5. The
experimental result also found an excellent agreement with Equation 1 given by Pak and Cho [81].
Given below are the results of the measurement for different concentration (1% ans 2%) of AlOs
over the temperature 0 °C to 50 °C in comparison with the results obtained from Pak and Cho

equation.
1.1
* 60:40 EG/W (ASHRAE)
== Curve Fit
e 5\
1.08
Ppr = -2.43 E—0.6T2 + 9.6216 T + 1.0099261
”E R2=0.9999
3 1.07
2
(%]
&
a 1.06
1.05 \
1.04
1.03 i T T T T T T T T

273 283 293 303 313 323 333 343 353 363 373
Temperature K

Figure 5. Curve fit equation for density as function of temperature (Reproduced with permission
from [84].


https://doi.org/10.20944/preprints202306.1218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 June 2023 doi:10.20944/preprints202306.1218.v1

Table 3. Comparison between experimentally calculated density and Pak and Cho equation in 60:40
Ethylene glycol/water by mass (Reproduced with permission from [83,85].

Density of 1% Density of 2%
Al,0; (g/cm®) Al,0; (g/cm®)
Temperature (°C) Experiment Pakand Cho Percentage Experiment Pakand Cho Percentage
Deviation Deviation
0 1.132 1.1167 -0.3183 1.1444 1.1418 0.2248
10 1.108 1.1129 -0.4433 1.1393 1.1380 0.1111
20 1.1036 1.1085 -0.4433 1.1331 1.1337 -0.0575
30 1.0954 1.1037 -0.7663 1.1257 1.1290 -0.2938
40 1.0899 1.0985 -0.7897 1.1186 1.1237 -0.4626
50 1.0852 1.0927 -0.6953 1.1168 1.1180 -0.1138

After the experiment, it was observed that density decreases with temperature [68,84,86,87]. It
was also observed, if the volume concentration of nanoparticle in a base fluid (ethylene glycol or
water) increases, density also increases. The variation in density with different concentration of
AlOs (1%, 2%, And so on) is shown in Figure 5.

The solid lines in the Figure 6 are the experimental values measured from Anton-Paar density
metre and dotted lines are the density value obtained from Pak and Cho equation. Linear curve is
obtained and 1.2% of deviation was obtained. Furthermore, in some literatures, Teng et al. [88] has
also proved the effect of volume concentration on density. They showed the effect of different
concentration of carbon nanotubes with 0.02% and 0.04%, the value of density increases from 0.01%

to 0.39%.
14
1.35
1.3
g 1.25
g ® 10C Al,0; Experimental
g 12 — 10C ALO, Pakand Cho |
a 7, ‘/I A 30C Al,0; Experimental
143 Z e — -30C ALO; Pak and Cho
e B 50C Al,O; Experimental
1.10 A —
[ ==== -50C Al,0; Pak and Cho
1.05
1.0 T T T T T
0 2 4 6 8 10 12

Concentration %

Figure 6. Variation in density with different concentration of Al2Os between experimental values
and Pak and Cho equation (Reproduced with permission from [87].

3.2. Viscosity

Viscosity means resistant to the flow. But sometimes, due to insufficient knowledge of
viscosity mechanism and some important mathematical model this property of nanofluid has
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become infuriating. Simultaneously, this property is prime parameter to determine the convective
coefficient of heat transfer.
According to Einstein [89]-

E = Eo(1+ 2.5V) )

The above equation relates the viscosity of suspension of solid sphere (E) and the viscosity of
dispersion medium (Eo), and V is the volume occupied by dispersed solid.This was the first model
of the viscosity which was put forward by the Einstein. However there was certain limit to this
model. It was only valid for the particles having low concentration of 1 volume percentage and for
only spherical rigid particles. Many researchers had come up with their modifications in the
Einstein model. A model was developed for the particles of higher concentration with Brownian
Motion taken account by Brinkman [90] and Batchelor [91]. Table 4 shows different theoretical
models for predicting viscosity.

Table 4. Theoretical model for predicting viscosity (Reproduced with permission from

[68].
Author Model of Viscosity Notes
Einstein 1425 ¢ For spherical parﬂgles with low
volume concentration
A modification of Einsteins
Batchelor 14250+ 6.5 ¢ equation to account for
Brownian motion effect
1 Used for copper, gold and
Brinkman S CNTs and Graphenes
(1- ¢)*° dispersed in water
Pak and Cho 1+39.11 ¢ + 533.9 ¢ |At Room Temperature

In an experiment it was found that there is significant increase of viscosity if we vary the Al:Os
concentration [92] in water with some significant values which further increases friction factor. This
proves that there is concentration effect on viscosity. Research confirms that coefficient of heat
transfer increases with the concentration of fluid [11,12,93]. It was also observed that along with
concentration, shape and size of nanoparticle also affect the viscosity. The effect of temperature on
viscosity is such as with increase in temperature there is exponentially decrease in viscosity [94,95].

3.3. Specific heat capacity

It is defined as heat energy needed to raise the temperature of 1kg mass of substance by 1
kelvin. It is found in some cases that specific heat capacity [96] for nanofluid is given as

MliqCP,liq + an CP,np

C
: Mliq+an

®)

Here Miq is the mass of the base liquid, whereas Mnp is the total mass of the nanoparticle
Crliq and Crnpare the respective specific heat capacities of the two components. The comparison of
this equation 3. [96] with experimental data is shown in the Figure 7.
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Figure 7. Comparison of Pak and Cho with experimental data (Reproduced with permission froM
from [81].

There are many properties which are linked with specific heat capacity. Some of them are
thermal diffusivity, thermal conductivity etc [68]. According to the figure it is clear that specific heat
capacity of the base liquid is higher than specific heat capacity of nanoparticle. Larger value of
specific heat capacity of nanoparticles than their bulk material [97] is found by many researchers in
their theoretical calculations [98]. At varying conditions, different values of specific heat capacity is
observed by the different models. Pak and Cho [81] had introduced the model. According to this
model the specific heat of the nanofluid is given as:

" CpnF(l'(P)Cpfb"’ C])Cpp " (3)

Where Cpiris the specific heat of the nanofluid, ¢ is the volume fraction and Cps» and Cpp is the
specific heat of the base fluid and the specific heat of the nanoparticles, respectively.

This model is based on the liquid and particle mixture. Later some modifications were carried
out on the model given by Pak and Cho. A correlation was carried out based on the thermal
equillibrium of nanofluid and the base fluid [99]:

one = (1-¢) e+ dlop) @)

where onf is the density of the nanofluid.

It was found that there was deviation [100] from equation (3) when heat capacities of water
and ethylene glycol based AlSi etc. was compared but equation (4)was in the great agreement.
Equation (4) was further modified [101] and had put forward a correlation for nanoparticles having
higher volume concentration

_ (1-(1))Qf Ce+ (I)an Cnp
ort(1-¢)onp

where Crt is the specific heat of nanofluid, of and onp is the density of nanofluid and nanoparticle
respectively, and ¢ is the volume fraction from nanofluid [102,103].

Cnf

©)
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3.4. Effect of Nano particle’s size and concentration on the specific heat of the nanofluids

Nanoparticles have lower specific heath as compare to the base fluid due to which it was
found that nanofluid’s specific heat decreases when volume fraction increases. In a recent study five
different nanofluids (Al20s, ZnO, TiO2, CuO, and SiO2) were taken with propylene glycol and water
with 60:40 by mass. No change in specific heat of nanoparticle could be seen when the
concentration of nanoparticles and particle size were varied. But some studies confirm that this
result contradicts with CNT nanofluids [104].

3.5. Effect of temperature on specific heat of nanofluids

Study says specific heat increase with increase in temperature. This result found contradictory
[105] with some research according to which specific heat decreases with increasing temperature.

4. Conclusions

A study shows an increase in range of absorption spectra from wavelength ranging from UV to
IR, which in return resulted in increasing PV cell efficiency. The conclusion made out from the study
of nanofluids depends on different factors varying from fluid volume fraction of nanoparticles pre-
sent in nanofluids. Less will be volume fraction more efficient output can be seen. Apart from type of
nanofluid used, channel properties and its affordability and complexity in relation to output can be
clearly witnessed. Hexagonal honeycomb channel shows high variations on efficiency parameter in
comparison to helical or v-grove channel also not only the symmetry of channel leads down to better
results, material from which they made plays a crucial role for overall output. For heat transfer flu-
ids, Air PVTs, for example, requires less input as when compared to water based PVTs due to high
installation charge and its flow channel requirements, extra use of tubes and in-out flow patterns
when were compared to the percentage increase in its efficiency. Thus, Air PVTs are preferred which
is followed down to flow materials. On observing open or adding extra layers of sheets, emission of
some of thermal emissions accounts for better quality of PVTs. Shifting focus on nanofluid based PV
cells, area of focus digs deep down to stability of nanofluids used and morphological features such
as shape, size provides contribution to optical absorption parameters in hybrid PV cells. For most
carbon based nanofluids not only showed promising result on stability parameter, efficiency too
increased outs the best from the rest. In addition to functional properties of nanofluids in hybrid PV
panels, environmental factors rises issues leveraging pathways for affordable technology which can
also be reduced to minimum level with adding additional energy storage units for transferring ex-
cessive heat loads. Such experiments are still left upto futuristic innovations.
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