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Abstract

Hybrid Photovoltaic/Thermal system (PV/T) were designed and implemented to
investigate the improving of the electrical and thermal efficiency by using nanofluids.
The electrical efficiency reduced due to the significant reduction in the maximum power
of the photovoltaic panel under rising temperature, for this reason, the payback period of
the PV system is extended and the lifespan of the PV module may also be shortened. In
order to resolve this problem, cooling technique can be utilized effectively dissipate the
heat from PV module. An experimental rig is designed which is consisting of heat
exchanger and working fluid circulating pipes are placed at PV rear surface. Forced
cooling using (AL,O3-Water) nanofluid with different concentration ratios tests is
utilized to reduce the operating temperature of PV.

The results indicated that using base fluid, the temperature of the PV module was
(79.1°C) and a conversion efficiency of about (8 %.).While using nanofluid at different
concentration ratios (0.1- 0.5 step 0.1) % at constant mass flow rate (0.2 I/s), the
temperature is more dropped significantly to (42.2°C) at concentration ratio (0.3%) and
led to increase in the efficiency of solar panel to (12.1%), but when increasing of
concentration ratios more than (0.3%) that led to increase PV temperature to (52.2°C) and
led to a decrease of PV efficiency to (11.3%). The heat which was extracted from the PV
module by the cooling nanofluid can contribute to the overall energy output of the
system.

Keywords : PV cooling; Temperature effect; Nanofluids; Improving efficiency.
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NOMENCLATURE

A= Area of the PV module (m?).

Ac= Area of collector (m?).

Cp=Specific heat capacity (kJ/kg.c).

Cpr = Heat capacity of the base fluid (kJ/kg.c).

Cpni = Heat capacity of the nanofluid (kJ/kg.c).

Cpp = Heat capacity of the nanoparticles (kJ/kg.c).

G = Irradiation and it is defined as (1000W/m?) for standard condition.
Imp= PV current at maximum power point(A).

K = Base fluid thermal conductivity (W/m.c).

K¢ = Thermal conductivity of the nanofluid (W/m.c).
K,= Thermal conductivity of the nanoparticle (W/m.c).

m' = Mass flow rate (kg/s)

MPPT = Maximum power point tracer.

¢= Volume concentration of the nanoparticles.

T. = Cell temperature (°C)

Tin = Inlet temperature of the cooling fluid (°C),

T, = Temperature of standard condition (25°C),

Tou = Outlet temperature of cooling fluid (°C),

Vmp= PV voltage at maximum power point (V)

Ve = Volume of the nanoparticles (m?)

V1 =Total volume (m?)

B = Temperature coefficient of silicon cell(=0.0045 °C™).
Mo = Nominal electrical efficiency under standard condition.
wne = Nanofluid viscosity (kg/m.s).

ww = Water viscosity(kg/m.s).

pr = Density of the base fluid(kg/m®).

pni = Density of the nanofluid (kg/m?).

pp = Density of the nanoparticles(kg/m®).
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INTRODUCTION

he PV/T system refers to a system that extracts heat from the panel with using heat

transfer fluid. There are several reasons which motivate the development of the

PVIT system .One of the main reasons is that PV/T system can provide higher
efficiency than individual PV and thermal collector system. With increased the
efficiency, the payback period of the system can also be shorten. The electrical efficiency
reduction of PV modules due to their temperature increase can be partially avoided by
water or air heat extraction. PV heating is mainly the result of the absorbed solar
radiation that is not converted into electricity and PV cooling is considered necessary to
keep electrical efficiency at a satisfactory level. The usual mode of PV cooling by water
is the circulation of it through a heat exchanger in thermal contact with the PV module
rear surface, to avoid pressure and electrical problems [1].

The application of a nanofluid in solar collectors leads to a homogeneous
temperature distribution inside the receiver. In addition, greater light absorption, a high
absorption at visible wavelengths and a low emissivity at infrared wavelengths can be
achieved, and sunlight can be directly converted into useful heat [2].

Advantages of nanofluids compared to conventional solid-liquid suspensions for heat
transfer intensifications, properly engineered thermal nanofluids possess the following
advantages:

- High specific surface area and therefore more heat transfer surface between particles
and fluids.

- High dispersion stability with predominant Brownian motion of particles.

- Reduced pumping power as compared to pure liquid to achieve equivalent heat transfer
intensification.

- Reduced particle clogging as compared to conventional slurries, thus promoting system
miniaturization.

- Adjustable properties, including thermal conductivity and surface wet ability, by
varying particle concentrations to suit different applications.

Industrial processes require heating at different temperature levels. Low quality heat, at

temperatures less than (9500), can be provided via flat-plate solar collectors or from
hybrid PV/T systems. These collectors are used broadly to increase the working fluid

temperature in the range of (300 to 1000C) above the ambient temperature. Its operation
depends on the absorption of solar radiation; the absorbed energy is conducted to a
working fluid circulating inside the tubes of the collector [1]. This working fluid may be
water, ethylene glycol or a mixture of water and propylene glycol [2-3], but these fluids
have low thermal conductivities. For instance, the thermal conductivity of water is (0.685

Wi/m K) at (120°C) while that of ethylene glycol is (0.236 W/m.K) at (100 C). Since the
emergence of nanofluids [2], which show higher thermal conductivities than the
corresponding base fluids, research work has investigated the potential of nanofluids as
the working fluids of collectors, nanofluids have attracted attention as a working fluid for
solar collectors because of their predicted capability to enhance the thermal performance
of collectors, and thus energy and cost savings can be achieved [4].
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The main goal of this work is to improve the PV performance by using nanofluids
through: -

A - Design and construct a cooling water technique to solve the problem of rising
temperature inside a PV module and to improve the electrical and thermal efficiency of a
PV/T system.

B- Study the effect of nanofluid on the electrical and thermal efficiency of a PVIT
system.

Methodology
Physical Properties of the Working Fluid

The physical properties of the working fluid are changed due to effect of the
nanoparticles. For conventional fluids, these properties can be attained from standard
tables or equations [5]. However, for nanofluids, the properties depend on parameters
such as the nanoparticle concentration [6]. Herein, the properties are considered
temperature dependent, and the correlations given by Azmi et al. [7] can be used. The
model target is to compare the performance of the collector using a nanofluid relative to
base fluid (water) under the same temperature conditions.

Drew and Passman [8] suggested the well-known Einstein’s equation for

calculating viscosity, which is applicable to spherical particles in volume fractions less
than (5.0 vol%), and is defined as follows:

An alternative formula for calculating the thermal conductivity was introduced by Yu and
Choi [9], which is expressed in the following form:

k, +2k, —2(k, —k, Jp )
. k, +2k, —(k; —k, )¢ Ik @)

nf

The density of the nanofluid can be calculated according to the mixing theory as
developed by Pak and Cho [10]. The experimental results of Sommer and Yerkes [11]
demonstrate the applicability of the formula.

P = A—P)p: +Pp, ..(3)
The specific heat is calculated from Xuan and Roetzel [12] as:

(pCp ), = @-¢)eCp), +¢(oCp), @

The volume concentration of the nanoparticles is defined as follows[12]:

_ NMue ...(5)
S = ~,

Electrical and Thermal efficiency of Hybrid PV/T System
The theoretical cell electrical efficiency ( 7. ) defined as [1] :-
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...(6)
7. = no[l_lB(Tc _To)]
Where
Vaoln (D)
70 = GDAD
J'Vldt
e T A [Gmat
... (8)
- m'Cp_[ (Tout —Tin) (9)
T = A [ G(®)dt
...(10)

m'cpj(ro—Ti)devmt
chc;(t)dt

The thermal and electrical efficiencies are presented in Egs. (9) and (10). It can be
seen that the solar irradiation is a function of time and those parameters which are
affected by the solar irradiation, such as inlet and outlet temperatures, PV voltage and PV
current, are also functions of time.

77total = 77th + 775 =

Experimental Set-up
Description of the PV/T System

A test setup was designed to investigate the thermal and electrical performances of the
Photovoltaic thermal system. This system was built in the building of UM POWER
ENERGY DEDICATED ADVANCED CENTER (UMPDAC) at the University of
Malaya in Malaysia. The photograph of the setup is shown in fig.1; a schematic diagram
of the complete experimental set-up is shown in fig. 2.
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Figure(1) Photograph of cooling of PV/T system which is built in this study

A mono-crystalline solar panel was used in this experiment to generate the
electricity. During the operation, a maximum power point tracker (MPPT) was used to
modulate the power output from solar panel to be the maximum value.

Solar irradiation was measured by the pyranometer, fixed at same level as the
solar panels. In this experiment, the working fluid mass flow rate was measured by 1/2"
Nominal Threaded and the temperature of working fluid and PV module was obtained by
using three k-type thermocouple directly connected to the data taker type DT80. The
voltage and current of the solar panels were directly recorded by the data taker as shown
in fig.2.
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Figure(2) Schematic diagram of cooling of PV/T system which is built in this study
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Preparing of Nanofluid

In the experience after the screening process cooling water and its  impact
onincreasing the efficiency of solar cells we prepare (4) liters  nanofluid
of aluminum oxide - water with a five concentration ratios (0.1%, 0.2%, 0.3%, 0.4%,
0.5%), the AL,Oj3 is used with particles size of (30nm) and the statement of its impact on
the cooling process and improve the efficiency of solar cells have been prepared in the
laboratories of University Malaya/ Malaysia
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Figure(3) five samples of (AL,O3-Water) nanofluid
Experimental Measurements Accuracy
1- The accuracy of pyranometer is (£0.05%).
2- The accuracy of DT80 data taker is (£0.01%).
3- The accuracy of MPPT data taker is (£0.03%).
4- The accuracy of K-type thermocouples is (£0.4%).
5- The accuracy of working fluid mass flow rate is (+0.5%).

Results and discussion

All physical properties of working fluid changed such as viscosity, thermal
conductivity, density, specific heat, according to equations (1, 2, 3, and 4), all these
properties depend on concentration ratio of nanoparticles on base fluid (water) in
experiment, and for this reason made five concentration ratios of nanofluid to take the
better case of concentration ratio for experiment.

Fig.4 shows the effect of nanofluid concentration ratio at mass flow rate (0.2 I/s) on
thermal efficiency. An increasing in the thermal gain with increasing of concentration
ratio of nanofluid because the thermal conductivities of nanofluid is increased when
concentration ratios of nanofluid increased according to equation (2) and that led to
increasing of thermal efficiency of PV/T system.

Fig.5 shows Effect of nanofluid concentration ratios at mass flow rate (0.2 1/s) on PV
panel temperature .The value of (0.3%) concentration ratio give good cooling for PV
panel because of increasing thermal conductivities of working fluid and led to more
absorption of heat from PV panel, and when it increase more than (0.3%) the PV
temperature will increase because the density and viscosity will be increasing with rising
of concentration ratio according to equations (1&3) and this led to inverse effect for this
enhancement.

Fig.6 shows the effect of nanofluid concentration ratio at mass flow rate (0.2 I/s) on

PV panel maximum power.When PV temperature decreased with using of nanofluid the
maximum power generated will be increased.
Fig.7 shows the effect of nanofluid concentration ratio at mass flow rate (0.2 1/s) on Impp
of PV panel. The better maximum power generated at (0.3%) nanofluid concentration
ratio because this ratio give good cooling for PV panel. Fig.8 shows the, effect of
nanofluid concentration ratio at mass flow rate (0.2 I/s) on Vmpp of PV panel. The
enhancement in Impp & Vmpp with using nanofluid shows that at (0.3%) concentration
ratio.

Fig.9 shows the effect of nanofluid concentration ratio at mass flow rate (0.2 I/s) on
electrical efficiency of PV system .The results show that the electrical efficiency was
increased when using nanofluid to (0.3%) concentration ratio and it will decreased when
it will be up to (0.3%) because the PV temperature will be increasing as the increasing of
concentration ratio up to (0.3%).

Fig.10 shows the MPPT trace at end of testing the effect of rising temperature on PV
performance without cooling and fig.11 shows MPPT trace at end of testing the effect of
water cooling at (0.2 I/s) on PV performance.
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Figs, 12, 13, 14, 15 and 16 show the MPPT trace at end of testing the effect of nanofluid
cooling at (0.1, 0.2, 0.3, 4, and 0.5 % concentration ratio) on PV panel performance. The
improvement in PV/T system performance due to decease in temperature of PV by using
nanofluids and the best concentration ratio was (0.3%) because it gives good cooling for
PV while more than (0.3%) the PV temperature will increase because the density and
viscosity will increase.
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Figure(11) MPPT trace at end of testing the effect of water cooling at ( 0.2 I/s) on PV

panel performance
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Figure(14) MPPT trace at end of testing the effect of nanofluid cooling at( 0.3%
concentration ratio) on PV panel performance
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Figure(16) MPPT trace at end of testing the effect of nanofluid cooling at (0.5%
concentration ratio) on PV panel performance

Conclusions

The effect of different concentrations ratio of (AL,O3 ) nanofluid with water base was
examined on PV/T performance for different mass flow rates. The results indicated that

when used nanofluid (AL,O3 ) at different concentration ratios (0.1, 0.2, 0.3, 0.4, 0.5)

at mass flow rate (0.2 I/s), the temperature is more dropped significantly from (79.1°C)
to (42.2°C) at optimum concentration ratio of nanofluid (0.3%), this led to increase in the

electrical efficiency of solar panel to (12.1%) and the thermal efficiency increased
(34.4%).

References

12

%

to



LT g o]0 gV RAVAo RS KN S Ve VRN [ RZpPION S| I ndoor investigation for improving the hybrid
Photovoltaic /Thermal system performance
using Nanofluid (AL,O5-Water)

[1] C. H. Cox, Il and P. Raghuraman, Design Consideration for Flat Plat
Photovoltaic/Thermal Collectors, Solar Energy, Vol.35, pp.227-241. 1985 [2] S.U.Choi,
Enhancing thermal conductivity of fluids with nanoparticles , ASME FED, Vol.231,
pp.99-103,1995.

[3] R. Prasher, P. Bhattacharya, P. Phelan, Thermal conductivity of nanoscale colloidal
solutions (nanofluids), Physics Review Letters ,\VVol.94 ,pp.025901, 2005.

[4] Natarajan, E., & Sathish, R, Role of nanofluids in solar water heater, International
Journal of Advanced Manufacturing Technology,Vol. 43,PP. 6082-6087,2009.

[5] R. Darby, Chemical engineering fluid mechanics, 2" ed. New York: Marcel Dekker,
Inc; 2001.

[6] S-M. Murshed, K.C. Leong, C. Yang, Investigations of thermal conductivity and
viscosity of Nanofluids, International Journal Thermal Science,Vol. 47, pp.560-
568,2008.

[7] W.H. Azmi, K.V. Sharma, P.K. Sarma, R. Mamat, Influence of certain thermo
physical properties on prandtl number of water based nanofluids, National conference in
mechanical engineering research and post-graduate students , UMP, Kuantan, Pahang,
Malaysia ,pp.26-27, 2010.

[8] Drew DA, Passman SL, Theory of multi component fluids, Springer,1999.

[9] Yu W, Choi SUS, The role of interfacial in the enhancemened thermal conductivity of
nanofluid: a renovated Maxwell model, Nanoparticles Researches Vol.5,pp.355-361,
2003.

[10] B.C. Pak, Y.l. Cho, Hydrodynamic and heat transfer study of dispersed fluids with
submicron metallic oxide particles, Experimental Heat Transfer Vol.11,pp.151-
170,1998.

[11] A.D. Sommers, K.L. Yerkes, Experimental investigation into the convective heat
transfer and system level effects of Al203-propanol nanofluids, Journal of Nanoparticle
Research,Vol. 12 ,pp.1003- 1014,2010.

[12] Xuan Y, Roetzel W, Conceptions for heat transfer correlation of nanofluids,
International Journal of Heat and Mass Transfer ,Vol. 43,pp.3701-3707, 2000.

13



	Hashim A. Hussien
	Email:abdulmunemraad@yahoo.com

