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Investigation of Performance on Photovoltaic/Thermal (PV/T)
System Using Magnetic Nanofluids

Highlights
« Inthis paper, nanofluids are offered as a solution to increase the heat absorbed in the thermal system

< Module 1 (PV/T) and Module 2 (PV) are designed with two photovoltaic panels of the same brand and same
power ..

% It can be seen the increase in thermal efficiency is greater when nanofluid is used, but the increase in total
efficiency is greater.
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Figure . PV/T and PV efficiencies
Aim
In this study, by using nanofluids obtained by adding 1% Fe203, Fe304 and NiFe204 magnetic nanoparticles by
weight to the basic fluid water, a bidirectional performance increase was achieved. By increasing the thermal heat
transfer of the PV/T system while providing more cooling of the PV system. cal and thermal efficiency of the PV/T
module
Design & Methodology
Experimental Set up; the names of the materials belonging to the experiment set, the modules they belong to and the
parts properties are given . Fotovoltaic solar panels are mounted on the same platform.Preparation of the Magnetic
Nanofluid;
Originality
The most important feature and originality of our study was that until this time the studies required numerical.The
fact that the obtained hot fluid has many application areas such as space heating, heating of greenhouses, use in
drying systems, use as a heat source in heat pumps also causes PV/T systems to gain importance.
Findings
By using nanofluids obtained by adding 1% Fe203, Fe304 and NiFe204 magnetic nanoparticles by weight to the
basic fluid water, Since the amount of heat absorbed in the thermal system is high, an average of 10,4% temperature
(AT) increase in the hot fluid temperature compared 10 the base fluid water was obtained in the NiFe204 nanofluid.
Conclusion
PVIT systems are one of the subjects that scientific studies have focused on in recent years. The main reasons for this
are to increase the electricity generation performance of PVs, as well as to obtain thermally hot fluid from the system
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(PV/T)Sistemlerde Performans Kullanim Incelenmesi

Arastirma Makalesi / Research Article

Ettahir EI Hadi Ali Omar SWESE!, Aybaba HANCERLiOGULLARI**
!Kastamonu University, Institute of Science Department of Material Science and Enginnering,
Kastamonu, Turkey
2Kastamonu University, Faculty of Arts and Sciences, Department of Physics,
Kastamonu, Turkey

(Gelis/Received : 12.05.2021 ; Kabul/Accepted : 15.08.2021 ; Erken Goriiniim/Early View : 22.09.2021)
0z
Fotovoltaik/Termal (PV/T) sistemler, elektrik enerjisi iiretiminin yani sira sicak akigkan (genellikle su) ile iiretimi saglar. Ayrica
PV sistemlerin agir1 1sinmasi termal sistem tarafindan ¢ekilen 1s1 ile engellendigi i¢in PV'lerin elektrik iiretim performansi
artmaktadir. Nanoakigkanlar, termal sistemde emilen 1s1y1 artirmak igin bir ¢6ziim olarak sunulmaktadir. Nanoakigkanlarin 1s1
transfer performansinda onemli bir iyilesmeye yol acan baslica fiziksel olaylar su sekilde Ozetlenebilir: (i) Hazirlanan
nanoakigkann 1s1l iletkenligi, kat1 metalin 1s1l iletkenligininkinden daha yiiksek oldugu i¢in belirli oranlarda artar. (ii) Akiskanin
11l iletkenliginin artmasi nedeniyle 1s1 transfer ylizey alaninin artmasi, (iii) Akiskanin etkin 1s1l kapasitesinin artmasi, (iv)
Akiskanin 1s1l iletkenliginin artmasi ve yiiksek sivi aktivitesi nedeniyle tiirbiilansh hacim. Bu ¢alismada, temel akigkanlardan biri
olan suya agirlikca %1 Fe203, Fe304 ve NiFe204 oranlarinda manyetik nanopargaciklarin eklenmesiyle elde edilen
nanoakigkanlar kullanilarak, PV/T sisteminin termal 1s1 transferi arttirilarak, sistemin daha fazla sogutulmasi saglanarak ¢ift yonlii
performans artig1 saglanmustir. PV sistemi. Deneysel ¢alismada, nanoakigskanlarin yiiksek 1s1l iletkenliginden yararlanilarak 1sitilan
PV panellerden daha fazla 1s1 gekilerek NiFe204 nanoakiskanda elektrik tiretiminde %14'liikk bir iyilesme saglanmustir. Termal

sistemde emilen 1s1 miktar1 yliksek oldugu i¢in NiFe204 nanoakiskanda sicak akigkan sicakliginda baz akiskan suya gore ortalama
%104 sicaklik (AT) artist elde edilmistir.

Anahtar Kelimeler: PV/T, nanoakuskan, magnetic nanoparcaciklar, Fe203, Fe304, NiFe204.

Investigation of Performance on Photovoltaic/Thermal
(PVI/T) System Using Magnetic Nanofluids

ABSTRACT

Photovoltaic/Thermal (PV/T) systems provide hot fluid (usually water) production as well as electrical energy production. In
addition, since the overheating of the PV systems is prevented by the heat drawn by the thermal system, the electricity production
performance of the PVs increases. Nanofluids are offered as a solution to increase the heat absorbed in the thermal system. The
main physical events that lead to a significant improvement in the heat transfer performance of nanofluids can be summarized as
follows: (i) The thermal conductivity of the prepared nanofluid increases at certain rates because the thermal conductivity of the
solid metal is higher than that of the basic fluid, (ii) The heat transfer surface area increases due to the increase in the thermal
conductivity of the fluid, (iii) Increase in the effective thermal capacity of the fluid, (iv) Increase in the thermal conductivity of the
fluid and turbulent volume due to high fluid activity. In this study, by using nanofluids obtained by adding 1% Fe203, Fe304 and
NiFe204 magnetic nanoparticles by weight to the basic fluid water, a bidirectional performance increase was achieved by
increasing the thermal heat transfer of the PV/T system while providing more cooling of the PV system. In the experimental study,
a 14% improvement in electricity production was achieved in NiFe204 nanofluid by drawing more heat from the heated PV panels
by utilizing the high thermal conductivity of nanofluids. Since the amount of heat absorbed in the thermal system is high, an average
of 104% temperature (AT) increase in the hot fluid temperature compared to the base fluid water was obtained in the NiFe204
nanofluid.

Key words: PV/T, nanofluids, magnetic nanoparticles, Fe203, Fe304, NiFe204.
1.INTRODUCTION running PV panel with higher efficiency and longer

with an increase in temperature due to increased
resistance.

PV/T systems can be designed to remove heat from the
PV cells, thereby cooling the cells and increasing their
efficiency by lowering the resistance. The result is a cold-

*Corresponding Author
e-posta : aybaba@kastamonu.edu.tr

for residential, commercial or industrial applications.
Solar cells cannot convert most of the solar radiation
coming to their surface into efficient energy, and the
temperature in the cells increases and a decrease in
electrical efficiency is observed. Therefore, the PV cell
temperature can be lowered naturally or by cooling with
a forced refrigerant, which is usually water. For
monacrystalline (c-Si) and polycrystalline (pc-Si) silicon
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solar cells, the efficiency decreases by about 0.45% for
every degree increase in temperature. For amorphous-
silicone (a-Si) cells, the effect is less, with an increase in
temperature of about 0.25% depending on the module
design. This undesirable effect can be partially avoided
by proper heat extraction with fluid circulation
[1].Creating a hybrid system by using photovoltaic
panels together with thermal systems is a solution for
increasing efficiency. It is also well known that using a
hybrid system reduces the need to use an external source
of electrical energy.

As a result of the literature review, many studies have
been carried out to remove excess heat from the system
by using gas (usually air) and liquid fluids (usually
water).When the experimental studies in the literature are
examined, many studies using water as a refrigerant
achieve higher efficiency than other studies. Air cooled
PV-T panels are easier to implement, they do not need a
liquid cooling circuit. Air is affordable, clean and usable
for almost all applications on Earth. However, in terms
of efficiency, they are more inefficient than water-type
cooling systems.The main reason for using nanofluids
cooling in our experimental study is to obtain more
efficiency. Today, many researches, experimental and
numerical studies on the subject have been and still are.
Ibrahim et al. have included a classification of PV/T
systems in their research [2]. By using a water-cooled
system, they increased the PV performance.

Serhaddi F. et al. [3], the calculation of electrical and
thermal parameters, exergy components and exergy
efficiency of a PV/T air (air fluid) collector was made as
energy and exergy analysis in detail. In the study, a
computer program was developed to calculate the
thermal and electrical parameters of the PV/T collector.
The electrical efficiency, thermal efficiency, total
efficiency and exergy efficiency of the PV/T collector for
certain climatic, operational and design parameters were
found to be 10,01%, 17,18%, 45%, and 10,75%,
respectively [3].Kim et al. [4] carried out an experimental
investigation of the PV/T collector whose PV panel is of
monocrystalline material. The fluid used to generate
thermal energy in the PV/T collector is air. As a result of
the analyzes made, it has been determined that the
thermal efficiency of the PV/T collector is 22% and the
electrical efficiency is 15% [4].

Saygin et al. [5] experimentally investigated a modified
PVIT collector through which air is passed as a fluid in
their work. The ambient air taken from a space in the
middle of the collector is passed through the upper and
lower parts of the PV panel, and is discharged through a
channel after the thermal energy in the PV panel is taken.
As a result of the analysis, the highest thermal efficiency
of 48% was obtained in the case where the mass flow rate
of the fluid is 0.037 kg/s and the distance between the PV
panel and the protective glass layer is 3 cm [5].

In an experimental study by Ahn et al. [6] to examine the
PV/T performance, the fluid (air) leaving the system was
mounted in the heat recovery section to preheat the fresh

air at the outdoor air inlet. As a result of the study, the
thermal efficiency was 23% and the electrical efficiency
was 15% [6].

In their study, Kabul and Duran [7] aimed to increase the
efficiency, which decreases with the increase in the
temperature of the PV cells, to increase the efficiency by
cooling the system with the help of water, and to cool the
panel with the fluid (water) passed through the cooler
pipes placed on the back (back) surface of the PV panel.

Ma et al, [8] in their study, which they prepared
considering that PV/T systems can be an energy input for
heat pumps and thus will be an alternative to energy
recovery applications, the key parameters for each of the
PV/T system control strategies are PV/T system energy
gain, total energy consumption, investigated their effects
on the average heat pump coefficient of performance
(COP) and overall system performance.Yao et al. [9]
used phase change materials in the heat pump connected
to the PV/T module in their study and integrated them
into the heat storage system and investigated the thermal
and electrical efficiency of this combined system.Bellos
et al. [10] aimed to increase the system performances by
using Cu/water and Al203/water nanofluids in their
study investigating a solar assisted heat pump driven by
nanofluid-based hybrid PV collectors for space heating
and electricity generation purposes.

There are many industrial examples of systems based on
solar energy. However, the use and production of
electrical-thermal hybrid systems seems to be limited.
Using PV/T modules is more advantageous in terms of
electrical efficiency and total efficiency (electrical +
thermal efficiency) instead of standard PV panels.

In this study, it is aimed to increase the thermal efficiency
of the system by using nanofluids in which 1% magnetic
nanoparticles are added, instead of the cooling fluid used
in PV systems, to cool the panels more and thus to
increase the electrical energy obtained from the panels.
Fe203, Fe304 and NiFe204 nanoparticles were chosen
as magnetic particles. Experimental studies have shown
that nanofluids formed by the addition of magnetic
particles have significant effects on thermal performance
compared to base fluid water

2. MATERIAL and METHOD
2.1. Experimental Set up

The names of the materials belonging to the experiment set, the
modules they belong to and the parts properties are given in
Table 1 as a list. While the photovoltaic panel is in both
modules, the cooling water circuit is only in Module 1. The
photovoltaic panels used in the experiment set have the same
dimensions and the same properties. Photovoltaic solar panels
are mounted on the same platform. Figure 1 shows both
modules and Figure 2 shows the cooling circuit details. In
addition, a schematic drawing showing the cooling circuit and
modules more clearly is given in Figure 3 [11].
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Figure 2. The cooling circuit

Module 1 (PV/T) and Module 2 (PV) are designed with two
photovoltaic panels of the same brand and same power
(Figurel). Module 1 has a serpentine tube array chiller located
behind the photovoltaic panel. Before the serpentine is formed,
the copper pipes are crushed to a certain extent to ensure full
contact with the panel back, and the contact surface with the PV
module is increased. Module 2, on the other hand, does not have
any additional parts (Figure 2). The panels are placed on the
same two profile pipes so that both modules can be at the same
angle. The serpentine inlet in Module 1 was fed with mains
water and the serpentine outlet was left free to the outside
environment. A flow meter was used to control the water
entering the serpentine Figure3 [11].

i

' Cold fluid inlej

Figure 3. PV/T and PV modules

2.2.Preparation of the Magnetic Nanofluid.

In this work, the Two-Step method is used for the preparation
of the MNFs. The top-down method is applied to produce
magnetite (FesOas), (Fe20z3) and (NiFe204) nanoparticles. As
well as a Spex type, high-energy ball mill, ball crushing
techniques were carried out. All three FesOs4, Fe2O3 and
NiFe204 magnetic nanoparticles are scattered in distilled water
as the base fluid with a concentration ratio of 1% (wt.).
Furthermore, 0.2% (wt.) Triton X-100 was dropped into the
mixture to prevent nanoparticles’ agglomeration obstacles.
Before starting the experiments, all suspensions were exposed
to ultrasonic vibration inside an ultrasonic bath (ISOLAB
Laborgerite GmbH) for 5 hours.

2.3.Measurement of the Thermophysical Properties.

The physical characteristics of the FesOa/water and Fe2Os/water
magnetic nanofluid such as density and specific heat are
determined by applying the formulas discussed in Pak et al.'s
(1998) work [12].

The density of the MNF is calculated by Equation 1 [12].

PmNF = Ppase- (1 — @mnp)
+ Punp- Punp 1
Where:

punr = the density of the MNF (kg/m?3)

Ppase= the density of the base fluid (i.e., water) (kg/m?3)
@uNp= CONcentration ratio (%)

The specific heat of the MNF is calculated by Equation 2. [12]

Cp,MNF
_ Prase: cppase(1 = @unp) + Punp- PunpCpmnp

PMNF
Where:

cp.mnr= the specific heat of the MNF J/kg.K
Cppase= the specific heat of the base fluid (i.e. water) J/kg.K

The specific heat of the magnetic nanoparticles ¢, ynr Of the
FesO4 and Fe20s is calculated by Equation 3.

Copmne® = a+b.t+c.t?> +d.t3
+5 3
Where: t = temperature (K)/1000.
cpmnr® = Specific heat (J/mol K)
Mw (FesOas) = 231.533
Mw (Fe203) = 159.688
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The value of the constants in Eqg.1 for both FesO4 and Fe20s
MNPs are given in Table 2.

Table 2. The value of the constants in equation 1. For both
Fe304 and Fe203 MNPs.

Fes04 Fe;0s
a =104.2096 a=93.43834
b =178.5108 b =108.3577
¢ =10.61510 ¢ =-50.86447
d =1.132534 d = 25.58683
e =-0.994202 e=-1.61133

Table 3. Thermophysical properties of the working fluids.

Thermophysical Pure
properties FesOs Fe20s NiFe,0, | water
specific heat 4179.994 | 4116.54 4178.8 4180
Cp,MNF (J/kgK)
Density pynr 1003.37 | 1009.735 | 1010.4 997
(kg/m?)

Thermophysical properties calculated using Eq.1 and Eq.2 are
given in Table 3.

3. RESULTS AND DISCUSSION

Experiments were carried out in Ankara climate
conditions. The ambient temperatures, global radiation
changes and panel surface temperatures measured during
the experiments are given in Figure 4. The average
temperature of the panel surfaces between the Module 1
(PVIT) system and the Module 2 (PV) system in the
experiments with the mains water is given in Figure 4. As
can be seen from Figure 4, the maximum surface
temperature difference is 14.20C. It has been observed
that the cooling of the panel has reached a significant
degree. In the PV/T system, the amount of cooling was
increased by using two different fluids, water and
nanofluid.

According to the fluids used in the cooling circuit, the
inlet and outlet temperatures of the serpentine are given
in Figure 5 depending on time. In the experiments carried
out according to the values of the measured day,
primarily mains water was used as the cooling fluid. First

of all, the calculations of the heat absorbed by the cooling
system were made and it was determined with which
cooling fluid the maximum heat extracted from the
system would be obtained. The fluid temperature
differences between the cooling circuit outlet and inlet
were measured as in Figure 6. When Figure 6 is
examined, the maximum temperature difference was
measured as 7.7 oC in the NiFe204 nanofluid. In other
nanofluids, the temperature difference is greater than in
the base fluid water. As can be seen from this graph, the
heat absorbed is higher in nanofluids compared to base
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fluid water. The variation of the electrical efficiency and
thermal efficiency of the panel and thus the total
efficiency is given in Figure 7. As can be seen from the
figure, the increase in thermal efficiency is greater when
nanofluid is used, but the increase in total efficiency is
greater. efficiency is limited due to improvement in
electrical efficiency. Percentage values of these
improvements are given in Figure 8. While the change in
total efficiency is highest in NiFe204 nanofluid, there are
improvements in other nanofluids according to the use of
base fluid water.nanofluids according to the use of base
fluid water.
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Figure 4. Temperatures measured on the panel
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Figure 5. Serpentine inlet and outlet temperatures according to
the fluids used in the cooling circuit



MANYETIK NANOAKISKAN FOTOVOLTAIK / TERMAL (PV/T) SISTEMLERDE PERFOR... Politeknik Dergisi, 2022; 25 (1) : 411-416

9 | ATwater =0==AT-Fe203 100
8 AT-Fe304 =#=AT-NiFe204 —0—2/'
‘_‘\/ ’\a . . — . —e |

7 S | L = |
@ 5 '\.-./. 1
52 \\/‘ ‘O T~

S =
43 L0

£
3° 0
2 11:00 12:%%:00 14:00
1

Figure 7. PV/T and PV efficiencies

0

oNoNoNo)
e
—ANM< 120
A =@ = U-Fe203 = ®= U-Fe304
Tim e
€ 100 R
~—~
Figure 6. Temperature differences in cooling circut 30
N
)
The measured electricity generation efficiencies of PV ._60
panels with and without a cooling circuit (Module 1) are <
on average around 18% and 16%, respectively (Figure 7). b
In the case of using water as a fluid in the cooling circuit, gb P
the thermal efficiency is around 40%, and the electrical 2 ‘~~\
and thermal efficiency of the PV panel reaches 55% in 20 ___t:"'"‘*~__
total. With the use of nanofluid in the cooling circuit, this e~ “N*__:‘
change in total efficiency reaches an average of 62% for e
Fes04 nanofluid, an average of 68% for Fe,O3 nanofluid, 0
and an average of 75% for NiFe,O4 nanofluid (Figure7). 11:00 12:00 13:00 14:00
Therefore, the best improvement in total yield was ' TI m e' '
obtained with 105% NiFe»O4 nanofluid. This is followed

?g Fe2(8))3 and FesO4 as 25% and 15%, respectively Figure 8. Improvement of thermal and total efficiency
igures).

415



Ettahir El Hadi Ali Omar SWESE, Aybaba HANCERLIOGULLARI / POLITEKNIK DERGISI, Politeknik Dergisi,2022;25(1): 411-416

4.CONCLUSION

PV/T systems are one of the subjects that scientific
studies have focused on in recent years. The main reasons
for this are to increase the electricity generation
performance of PVs, as well as to obtain thermally hot
fluid from the system. The fact that the obtained hot fluid
has many application areas such as space heating, heating
of greenhouses, use in drying systems, use as a heat
source in heat pumps also causes PV/T systems to gain
importance. As can be seen from the results obtained in
this study, increasing the total efficiency (electricity +
thermal) to be obtained from PV/Ts and increasing the
hot fluid temperature obtained from the obtained thermal
system will expand the usage portfolios. The fact that it
will only provide passive heat gain simplifies the process.

SEMBOLLER VE KISATMALAR

PVIT: photovoltaic/thermal

Cp:specific heat

p:Matterial density

Cp,mnr:The specific heat of the magnetic nanoparticles
pwne: the density of the MNF

MNF:Magnetic nanoparticals
prase: the density of the base fluid (i.e., water) (kg/m3)
@wvne: concentration ratio (%)

C-Si :monocrystalline

PC-Si: polycrystalline
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