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Abstract

This numerical study on the effect of microchannels with porous medium and nanofluid on the solar concentrator photovoltaic
(CPV) system with a solar concentration ratio of 10 is presented. Numerical simulation is two-dimensional and different layers
of CPV are modeled. The effect of the position of the porous layer in the microchannel on the cooling of the PV system is
investigated. The thermal behavior of the microchannel with the porous layer varies with the change of Darcy number, and
the porosity coefficient according to the position of the porous layer in the microchannel is studied. The consequences demon-
strate that the solar cell temperature is reduced by about 17% using the microchannel. The development of the microchannel
cooling capacity is related to the rise in thermal conductivity in the porous layer. Also, in the porous layer cases, located in a
block width across the microchannel, the maximum electrical efficiency rate and the minimum of the solar cell temperature
occurred. The raising of the nanofluid volume fraction has improved the CPV system's electrical efficiency. Consequently,
the solar cell temperature can be reduced from 1 to 52% with the increment of radiation intensity from 100 to 1000 Wm™2.
The proposed cooling method is about 30% more effective than the conventional fin cooling method.
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Introduction

The photovoltaic thermal (PV/T) is an energy conversion
system that can directly convert solar radiation energy into
electrical energy. However, the received solar radiant energy
cannot be converted into electrical energy completely by the
PV/T system, and the remaining part changes to heat. This
point is the cause of this system's low efficiency (4-17%),
which increases the temperature of photovoltaic cells [1, 2].
In addition, due to the open-circuit voltage, reductions in
system efficiency occurred [3]. Also, increasing the tem-
perature of photovoltaic (PV) cells damages the system's
structure and reduces its useful life. Accordingly, it can be
reduced to some extent. These systems are also called ther-
mal photovoltaic systems. Thermal photovoltaic systems are
a combination of conventional photovoltaic systems and heat
collectors for the simultaneous production of electrical and
thermal energy. Simultaneous use of electrical and thermal
units reduces the occupied space, reduces the temperature
of cells, and thus increases the life of the system and also
increases the overall efficiency (electrical and thermal) of
the system. Another way to cool a PVT system is to add a
backside to it. As a result, the heat generated by the solar
panel is dissipated. In this case, the system operates at a
lower temperature, and its efficiency is higher [4, 5].
Another technique suggested by researchers for cooling
the PVT system is the use of a cooling fluid. Daghigh et al.
[6] examined in a review article the performance of thermal
photovoltaic systems with different operating fluids such as
pure water, refrigerant, and mixing water with air in a two-
phase model (air/water mixture). Moghadammi et al. [7]
reported that by using nanofluids at high velocities and high
volume fractions of nanofluid, the efficiency of the solar
panel increases by about 76%. Bhatarai et al. [8] deliberated
water as the base fluid for discovering the performance of
the PV/T-system which is associated with a solar collector.
They evidenced that the PV/T-system efficiencies and the
solar collector efficiencies are 70.58 and 50.71%, respec-
tively. They also computed that the PV/T-system electrical
efficiency is 69.13%. Hazami et al. [9] investigated electric-
ity supplying and hot water for domestic consumption with
numerical and experimental methods in the PV/T-system
performance. The maximum thermal efficiencies have been
computed, and the electrical of the PV/T-system is 50 and
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15%, respectively. Yazdanifard et al. [10] numerically inves-
tigated the laminar and turbulent flow efficacy in a PV/T-
system with water working fluid. They also deliberated the
Reynolds number, length of the collector, solar radiation
intensity, coating, the collector tube diameter, and the num-
ber of the collector tubes efficacies on the PV/T-system per-
formance. Their study delivered that the system efficiency in
turbulent flow is more than in laminar flow.

Similarly, they concluded that increasing solar radiation
increases the efficiency of the system. In the nanofluids, The
metal nanoparticles' dispersion is the cause of the thermal
conductivity coefficient rising in the working fluid [11].
Therefore, in a PV/T-system, the nanofluid usage as an oper-
ating fluid can be an operative way to increase the system
efficiency. Notably, the nanofluids application in a PV/T-
system is associated with some restrictions, for example
nanoparticle's high price, instability of nanofluids, and the
pressure drop increasing in nanofluids [12, 13]. Lately, stud-
ies have been conducted to examine the impacts of applying
several nanofluids on the PV/T-systems performance. Taheri
et al. [14] premeditated the effectiveness variable perfor-
mance parameters on the (PV/T) with the working fluid of
water. They concluded that growth of the cell efficiency,
coverage coefficient, mass of water-to-collector surface ratio,
and wind speed increases system performance without glass
coating. While increasing sunlight and ambient temperature
have the most significant effect on the glass-covered system.
Also, using a carbon—water nanotube mixture, PVT's energy
efficiency, and exergy increase by about 12% and 1.23%,
respectively. Dehghan et al. [15] experimentally intended at
revealing the techno-economic analyses of the temperature
management of photovoltaic (PV) modules with two differ-
ent cooling situations consists of case A and Case B with 3
and 6 low-energy fans per module, respectively.

Al-Shamani et al. [16] studied the influences of nano-
fluids of silicon oxide/water, titanium oxide/water, and sili-
con carbide/water on the PV/T-system performance. They
detected that the nanofluid of silicon carbide as a working
fluid has the most efficient than the others. Correspondingly,
the electrical and overall system efficiencies with silicon car-
bide nanofluid as working fluid were calculated at 52.13 and
73.81%, respectively. Alshaheen et al. [17], in an experimen-
tal investigation, explored the performance of PV/T-system
with an operating fluid of carbon-based nanofillers/ water.
They also evaluated the effect of and nanoparticle volume
fraction and flow Reynolds number on system performance.
They concluded that energy efficiency and exergy increased
by about 12 and 1.43% at a volume fraction of 0.05, respec-
tively. In a numerical investigation, Rajab et al. [18] inves-
tigated the using aluminum oxide and copper nanoparticles
efficacy with a volume fraction of 1.0, 2.0, and 4.0% on the
PV-system thermal. Their conclusion disclosed that water as
the base fluid enhances the efficiency of the system rather
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than ethylene glycol. They also settled that the maximum
electrical and thermal efficiency against the others occurred
when the nanofluid of the system was nanofluid of Cu/water
with a volume fraction of 4.0%. Sardarabadi et al. [19]
inspected experimentally and numerically the PV/T-system
performance with nanofluids such as titanium oxide—water,
zinc oxide water, and aluminum oxide—water in the volume
fraction of 2.0%. Their study showed that systems with
titanium oxide—water, and zinc oxide—water nanofluids
have the highest electrical efficiency. They also observed
that the system with zinc oxide—water nanofluids has the
highest thermal efficiency. Sharma et al. [20] examined the
enhancement of the PV/T-system performance by applying
a phase change material (PCM) with nanoparticles. They
found that the maximum temperature of the photovoltaic
(PV) cell was reduced by about 15 and 18.5% with PCM
and the PCM-nanoparticle, respectively. Dehghan et al.
[21] numerically studied on a 3-D conjugate heat transfer
of Al,O;—water nanofluid through rectangular microchannel
heat sinks (MCHS). They reported when the thermophysical
properties of fluid is temperature dependent, the simulation
results are more realistic, particularly for converging flow
passages due to high-temperature gradients and for nano-
fluids for their induced temperature-dependent properties.
In another study, Dehghan et al. [22] investigated the con-
verging flow passages on the forced convection heat transfer
coefficient in a MCHS by using nanoparticle (Al,O5). They
analytically solved porous media inside microchannels in
the slip regime, based on the local thermal nonequilibrium
model with two-phase model. Their result showed that the
convection heat transfer coefficient in the converging flow
passages is 33% higher than that of straight passages.

Using numerical simulations, Rabie et al. [23] investi-
gated the thermal photovoltaic system using phase-change
materials. They distinguished that the maximum cell temper-
ature was reduced from 92 to 74 °C. Siyabi et al. [24] stud-
ied the actions of a high-concentration photovoltaic solar
cell segment connected to a multilayer microchannel heat
tank. They found that when a three-layer microchannel was
used, the electrical efficiency enriched by about 10%, and the
maximum cell temperature decreased by about 70%. Abo-
Zahhadet al. [25] numerically studied the usage of micro-
channels in PV/T-system. They detected that by varying the
coolant flow rate in the range of 25 to 1000 g min~!. As a
result, the maximum temperature of the photovoltaic (PV)
cell reaches in range of 71.7-40.1 °C. They also discovered
that the geometry of the channel has a significant impact on
system performance.

In some studies, the energy storage potential of phase
change materials has been used to cool the PVT system
[26-28]. The use of phase change materials improves the
efficiency of the PV system by about 15%. For example,
Nasef et al. [29] explored using the phase change material

(PCM) and the nanofluid in the PV-system performance.
They identified that the reduction of cell temperature was
almost 60 and a 15% intensification in system efficiency.

A review of previous studies shows that solutions and
suggestions for cooling photovoltaic systems have been pre-
sented numerically and experimentally based on the heat
sink [30, 31], heat sink-microchannels [32, 33], nanofluids
[34, 35], and phase change material [36, 37]. Few studies
have been performed on the performance of porous media
as photovoltaic cooling heating systems, and the lack of
knowledge in this area is strongly felt. In this exploration,
the impacts of using a microchannel with a porous layer
and nanofluid on the temperature distribution and electrical
efficiency of the photovoltaic (PV) system are examined.
According to the parameters consist of porosity coefficient,
nanoparticle volume fraction, Darcy number, and posi-
tional porous layer efficacy on the PV-system performance
is inspected. The effect of the position of the porous layer in
the microchannel on the cooling of the PV system is investi-
gated. The finite volume method is used for numerical simu-
lation, and nanofluid modeling is considered a two-phase
flow.

Problem description

The present numerical investigation is intended to use micro-
channel-porous media on the solar concentrator photovoltaic
(CPV) system with solar concentration ratio (CR) of 10.
A 2-D (division) diagram of the problem is demonstrated
in Fig. 1. Three components of the Fresnel lens solar cell
are considered. The proposed PV concentrator system with
microchannel (CPV-micro) includes three complimentary
same Fresnel lens, encapsulation sheet, aluminum backplate,
three same silicon solar cells [38], and optional microchan-
nel. At the top of the system, the whole Fresnel lens are
located. All the solar cell thickness is measured in 1 mm,
set at the parallel of a Fresnel lens photosensitive axis. Typi-
cally, it is positioned along with the concentration ratio of
the base system with an amount of 10 and principal lens
length. Encapsulating components are applied to cover all
solar cell borders to control the sun rays emission with a
thickness of 1 mm [39]. To set a cooling system, a micro-
channel is installed at the bellow of the PV concentrator with
investigating the positional porous layer effect in the micro-
channel on the CPV cooling system performance. Nearby
the high-bounded wall of the microchannel and the lowest-
bounded wall is isolated. The microchannel length is L, and
the microchannel height is H.

A simple microchannel without a porous layer is consid-
ered. Also, the porous material is aluminum. First of all, in
case 1, porous layer has been placed by two individual equal
thickness = walls, located upper wall of the microchannel
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Fig. 1 Schematic of the CPV system with microchannel and the position of the porous layer

and the down wall of the microchannel. The rest is the non-
porous layer. Moreover, in case 2, the porous layer has been
chosen with one wall with thickness 2z in the middle of the
microchannel, and the two-rest layer is nonporous. Also,
the microchannel has separated into three-divided areas in
the porous plane layer. Put the porous layer in the middle
section in case 3, and put two-divided porous plane layer
in the left and right sides of the microchannel in case 4 has
been proposed [40]. Comparison of porous and nonporous
microchannel aids to choose the best mod of the system
installation. In these four cases for the location of the porous

@ Springer

layer has been considered. All the cases which have been
discussed earlier are specified in Fig. 1.

The cooling fluid in the microchannel is water, and the
aluminum oxide nanoparticles are intended for the nanofluid
state. The thermophysical properties of each component and
the thickness of different parts of the numerical model are
expressed in Table 1, respectively. In Table 1, C, is the specific
heat capacity of each component,é is the thickness of each
element, p is the density of each element, and & is the thermal
conductivity of each component. The thermodynamic proper-
ties of various parts of a CPV system are constant. The ohmic
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Table 1 Geometric parameters

and Thermophysical properties Component §/mm p/kg m”’ k/W m~'K”! C”/ 1/(kg K)q Material

for each component [39] Solar cell 2330 148 712 Silicon
Fresnel lens piece 3 1162 0.1875 1465 Acrylic (PMMA)
Backplate 10 2702 238 903 Aluminum
Encapsulation 1 1030 0.16 1100 Sylgard

losses of the system are ignored. Assuming an incompress-
ible, laminar, steady-state fluid flow, the equation of energy,
momentum, and continuity for the microchannel is as follows
[407]:

pV -VV = -VP+ uV?v (D
V.-VT = aV?T 2
V.-V=0 3)

where V,T, p, 4, a and P are velocity, temperature, fluid
density, fluid dynamic viscosity, thermal diffusion coefficient,
and pressure, respectively. Thermal equilibrium of the porous
layer, the continuity of the porous layer, the momentum of the
porous layer, and energy equations change of the porous layer
are assumed, which can be demonstrated as follows [41]:

V(epﬁ/):O (4)
> > of 2 e pCi= N\ He 27
pf<v-vv)=e vp— —+—|V| v+ Bvey
K \/E £
)
(prf+ ;pscs>(\7.§T> = <kf+ ! _ekS>V2T (6)

where V, g, p, p, Wy, Cs, Cp, P, K, K, kg and T are velocity,

porosity coefficient, solid density, fluid density, dynamic
viscosity, solid specified heat capacity, fluid specified heat
capacity, pressure, permeability coefficient, fluid thermal
conductivity coefficient, solid thermal conductivity coef-
ficient, and temperature, respectively. The permeability
parameter of a porous material,k, which indicates the abil-
ity to transfer or conduct fluid through a porous medium, is
defined as follows [41]:

_ edp
*= 1500 — o) )

where d, is the diameter of the particles in porous media.
The Darcy number is also defined as follows [41]:

- X
Da = T (8)

where H is the diameter of the microchannel [40, 42]. The
base fluid is considered as a two-phase fluid, so the mix-
ture model is employed for modeling. The two phases of the
fluid or particles were modeled by solving the equations of
continuity, momentum, energy, and volume fraction of the
second phase and considering the relative velocity of zero or
nonzero between the two phases. In this model, it is assumed
that the phases are in continuous environments which, means
each phase has within each control volume (CV) there is a
volume fraction of the primary phase and a volume fraction
of the secondary phase, as well for each phase has an indi-
vidual velocity vector. The equations of continuity, momen-
tum, energy, and volume fraction are expressed as follows:

V.(pmiv—mi> =0 )

-

Vo (PusVi Vo ) = =P+ V. (Vg ) + V- (90, VeV Vi)
(10)

V.[(ﬂppcP’PVT)+ (- sé)pfcp,fo)T] =V.(ksVT) (D)

V- (807 ) ==V - (89 Vus) (12)

where @ is the volume fraction. Subscripts of P, miandf

represent nanoparticles, mixtures, and fluids, respectively.
V and Vdryp are the average mass velocity and drift velocity,
respectively, which are calculated from the following equa-
tions [43]:

P Vi = B0,V + (1= 9) iV, (13)
Vdr,P = Vp - Vf (14’)

The fluid and nanoparticle thermophysical properties are
classified in Table 2.

Boundary conditions on the sides and top of the backplate
and lens are calculated based on the wind speed (Vw) in the
environment and as [39]:

q=Q2+38w)(T = Typ) (15)

whereT,,,,, is the environment temperature. The boundary
conditions on the microchannel are illustrated in Fig. 1. The
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Table 2 Nanoparticle and fluid thermophysical properties [44]

Properties Unit Base fluid Nano-
(Water) particle
(Alumina)
p kgm™ 995.1 3600
C, Jkg'K™! 4178 765
u Pa.s 0.001 -
k Wm'K™! 0.620 36

boundary condition of the upper walls and lower walls of the
microchannel has been considered as non-slip conditions.
The bottom wall of the microchannel is insulated. The upper
wall is the interface between the microchannel and the CPV.
Heat is transferred from the CPV system to the microchan-
nel. The coolant enters the microchannel with velocity (U,)
and temperature (7). Also, the outflow boundary condition
in the microchannel is applied at the outlet microchannel.
For cases where a porous medium is used, the following
boundary condition is used at the boundary between the
porous and nonporous region [45]:
U ou ou 7
— — |porous zone — y— |non - porous zone = ¢ ——ulinterface
€ ol o N

(16)
where ¢ and ¢ are directions perpendicular to the interface
and an adjustable coefficient that accounts for the stress
jump at the interface. The Reynolds number is defined in
terms of the microchannel diameter and coolant as follows
[46]:

_ Pot ULH
Hof

Re (17)

where p,; is the base-fluid density and p, is the base flu-
id's viscosity. The efficiency of PV modules depends on
the types of PVs. Baig et al. [47] reported that the rate of
decline in PV efficiency is about 0.3-0.5% per degree Cel-
sius increase in temperature. Al-Showany study [48] also
examined the electrical efficiency of several PV models
and proposed different models for efficiency. In general, for
all PV Vs, the slope of efficiency variation in terms of tem-
perature is 0.45%. In the present study, The PV/T electri-
cal efficiency is presented using an experimental equation
calculated by Evans and numerical calculation by Farahani
et al. [49, 50]:

n
Moy = n_‘ =1 —0.0045(Tyey — Ties) (18)

T

where n,, n,.T,yandT, are electrical efficiency, electrical
efficiency under standard conditions, solar cell temperature,
and ambient temperature. Also, for cooling the CPV and
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microchannel system, the thermal efficiency is defined as
follows [46, 51]:

m;C, ,f(Tf,out - Tf,in)
My = —— (19)
abs

where mg, C, ¢, T oy Tt inandg,y, are coolant mass flow rate,
specific heat capacity, out fluid temperature, inlet fluid tem-
perature, and absorbed solar radiation heat flux.

Grid independence study and Validation

In this investigation, the performance of the CPV system
is inspected by the SIMPLE algorithm based on the finite
volume method (FVM) with commercial FVM software
named ANSYS FLUENT. To investigate the convergence of
the solution, the residual values for the continuity equation,
velocities in the coordinate axis directions, and the energy
equation were selected 107,107, and1078, respectively.

Grid independence is checked to achieve a more accu-
rate solution. For this purpose, grids with different nodes
number have been considered for the CPV system without a
microchannel. Solar cell temperature for the total number of
nodes 800, 2100, and 2800 was 63, 60.98 °C, and 60.7 °C,
respectively. Consequently, the grid with a whole number
of 2100 nodes is selected, shown in Fig. 2a. For the CPV
system with microchannel, solar cell temperatures for the
total nodes of 1630, 3440, and 3950 were 36.1, 35.01, and
34.9 °C, respectively. Finally, the grid with a whole number
of 3440 is selected. Grid independence is performed for all
cases expressed in Fig. 1. The amount of absorbed solar
radiation intensity is equal to 800 Wm™, the wind velocity
in the environment is 1 ms™!, and the ambient temperature
is 25°C. Uniform heat flux is considered due to the high uni-
formity of Fresnel lenses. Due to the high uniformity of the
Fresnel lens, the intensity of the sun's radiation is assumed
to be uniform. Therefore, uniform heat flux is considered on
the cell. In this study, the aim is to investigate the solar cell
temperature in different intensities of radiation.

To verify the numerical simulation results, the changes of
the solar cell temperature to absorb heat flux in the current
study are compared with Natarajan's results [39] and are
shown in Fig. 2b. In this case, the CPV system is without the
microchannel. The difference between the results is between
1 and 6%. This slight difference indicates the excellent accu-
racy of the numerical solution presented in the present study.
It is observed that the growth of the solar irradiance intensity
is the cause of the solar cell temperature increasing. Also,
the solar cell temperature is compared with the experimental
results [52], and the results are shown in Table 3. The differ-
ence between the results is between 6 and 10.89%, indicating
good accuracy of the results.
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Fig.2 a Mesh of the case study, (a)
b Validation of results for the
CPV system
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Table 3 Comparison of solar cell temperature in terms of solar radia-
tion intensity

Solar Solar cell temperature — ambient Difference/%
radiation/W temperature/°C
-2
m Due et al. [52] Present study
750 33.6 30.12 11.55
900 35.6 38.36 7.19
1000 40 47.34 15.50
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Fig.3 Solar cell temperature changes
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Results and discussion

Using the proposed modeling, the effects of microchannel
application, the position of the porous layer, and the impacts
of adding nanoparticles on the CPV system electrical effi-
ciency and the temperature of the solar cell are investigated.
Solar cell temperature changes in terms of (a) solar radiation
at Re=100 and (b) Reynolds number for CPV and micro-
channel are illustrated in Fig. 3. The consequences of the
solar cell temperature expressed that the CPV and micro-
channel system is almost 26% less than the CPV system on
the surface of solar cell temperature. Also, the Reynolds
number from 100 to 1000 change solar cell temperature by
nearly 0.2 °C dropped, and this temperature change is low.

(b) Various Reynolds number

Solar radiation = 800 Wm-2
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Fig.4 Solar cell temperature changes

In this section, the CPV and microchannel system with
the porous layers is investigated. One of the critical factors in
the porous media study always considered is the coefficient
of porosity and permeability. Figure 4 illustrates solar cell
temperature changes in porosity coefficient and Darcy num-
ber for cases CPV and microchannel with the porous layer.
When a microchannel with a porous medium is applied, the
solar cell temperature decreases rather than the microchan-
nel without a porous medium.

The solar cells' temperature is reduced more when the
porous layer is blocked across the channel (cases 3 and 4)
than when the porous layer is along the channel (cases 1 and
2). Placing the porous layer across the microchannel cases 3
and 4 causes the fluid temperature to approach the average
temperature and increases the temperature gradient on the
channel wall. This increases the ability of the microchannel-
porous medium to remove heat from the CPV system. As
the porous layer is in the center of the channel, the fluid
flows more in the nonporous area. Hence, the velocity gradi-
ent, followed by the temperature gradient (Chilton-Colburn
analogy), increases the channel wall, and more heat from
the solar cell to cooling fluid is transferred. Thus, when the
porous layer is in the center of the channel, the solar cell
temperature is less than when the porous media is close to
the channel walls (casel). One of the characteristics param-
eters of a porous medium is the porosity coefficient, which
affects the solar cell temperature.

The results show that in cases 1 and 4, changing layer's
porosity has little effect on the solar cell temperature, for
cases 2 and 3, by increasing the porosity coefficient. First,
the solar cell temperature decreases to a minimum, and then
the solar cell temperature increases. The critical porosity
coefficient for cases 2 and 3 is 0.8 and 0.9, respectively.
At this porosity coefficient, the heat that the cooling fluid
receives is the maximum amount that minimizes solar cells'
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temperature. The effect of Darcy number on the tempera-
ture of the solar cell has been investigated. Darcy number
indicates fluid permeability in the porous medium. In this
case, the value of the porosity coefficient is equal to 0.8.
The Darcy number indicates the permeability of the fluid in
the porous layer. For the case (i.e., cases 1 and 2) where the
porous layer is along the channel, the lowest temperature of
the solar cell occurs in Da = 107>. In the case (i.e., cases 3
and 4) where the porous layer is across the channel's width,
the lowest temperature occurs at Da = 107°. The impacts
of the thermal conductivity ratio in the porous layer on the
solar cell temperature at Re =100 for diverse porous layer
arrangements are investigated, illustrated in Fig. 5. In all
arrangements, the solar cell temperature decreases by about
20% to increase the thermal conductivity ratio in the range
of 0.1-1. The conductive heat transfer in the porous section
increases to raise the thermal conductivity ratio. Thus, the
fluid will dissipate more heat from the solar cell, which is the
cause of the solar cell temperature reduction. As the Darcy
number increases, the amount of fluid that has penetrated the
porous region increases, and the effective thermal conductiv-
ity coefficient in the porous region decreases, and the amount
of heat absorbed by the cooling fluid decreases. Therefore,
as the number of Darcy increases, the temperature of the
solar cell increases slightly. Figure 6 shows the temperature
contour for different modes for solar radiation= 1000 Wm™2,
Re = 1000, Da = 0.001 and € = 0.8. The free convection by
the air trapped between the lens and the encapsulation causes
the lens temperature to rise due to the absorbed radiation.
The heat transfer in the air is from the warmer section of the
solar cell to the colder area, the lens. The sylgard material is
considered on the topmost and bottommost of the solar cell,
which increases the solar cell temperature. Also, it has low
conduction. It should be noted that the rise of solar cell tem-
perature influences the efficiency of the system. Therefore,
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Fig.5 Solar cell temperature changes according to the thermal conductivity ratio at Re=100

microchannels are applied to reduce the temperature of the
solar cell. The contours show that the microchannel-porous
media reduced the maximum temperature of the CPV. As a
result, the maximum temperature of the solar cell is 31.7 °C.
Besides, cases 3 and 4 have the best performance in cooling
the CPV system—reducing the CPV electrical efficiency due
to increased solar cell temperature. Therefore, the purpose
of cooling is to increase electrical efficiency.

The velocity contour for CPV and microchannel modes at
Re =100, 500, and 1000 and four microchannel CPV modes
with porous media at Re =100 is shown in Fig. 7. As can
be seen, with increasing Reynolds number, the maximum
velocity in the channel increases. By placing the porous
material in the microchannel, the velocity in the microchan-
nel is reduced. The electrical efficiency ratio variations for
different porous layer arrangements are illustrated in Fig. 8.

The behavior of electrical efficiency in terms of porosity
coefficient and Darcy number is precisely the opposite of
solar cell temperature. In Da = 107%, & = 0.8, the ratio of
electrical efficiency of CPV system of the microchannel with
a porous layer in cases 3 and 4 is 0.962, which is the high-
est value. The lowest electrical efficiency of the CPV and
microchannel system is related to case 1, and this value is
equal to 0.948.

The impacts of the thermal conductivity ratio on the CPV
system's electrical efficiency are investigated. The results
are exposed in Fig. 9a. With the thermal conductivity ratio
growth from 0.1 to 1, the CPV system electrical efficiency
is improved by almost 10%. The electrical efficiency ratios
for Case 3 at € = 0.8 and Da = 10~° The thermal conduc-
tivity ratios for the three Reynolds numbers 100, 500, and
1000 are shown in Fig. 9b. The electrical efficiency ratio for
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Fig.6 Temperature contours at various cases for solar radiation=1000 Wm™2 and Re = 1000

Re = 100 is higher than the other two Reynolds. The reason
for this thermal behavior is the presence of porous material
in the microchannel. When Reynolds is low, the fluid has a
greater chance of exchanging heat in a porous medium with
higher thermal conductivity. Therefore, the cooling fluid can
dissipate more heat from the CPV, lower the temperature of
the solar cell, and ultimately increase the electrical efficiency
ratio. As the electrical efficiency ratio increases, the thermal
conductivity ratio increases.

The variation of solar cell temperature, nanoparticles
added to the cooling fluid can be illustrated in Fig. 9c. The
conduction and convective heat transfer improve the cause

@ Springer

of the metal nanoparticles' dispersion in a liquid. Applying
nanofluid instead of the base fluid increases the cooling
capacity of the microchannel to some extent. In the micro-
channel with the addition of nanoparticles to the base fluid
state without porous layer, and all cases 1-4, the solar cell
temperature is reduced, respectively, by about 17%, 1%,
and 1.4, 1.8, and 1.93% rather than to the state without
nanofluid. Using nanofluid on solar cell temperature is
more than the microchannel without a porous layer. With
the rising volume fraction of the nanofluid, the solar cell
temperature decreases, although these changes are minor.
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Fig.9 Electrical efficiency ratio changes in terms of thermal conductivity ratio

To nanofluid volume, the variations of the PV/T electrical
efficiency and the PV/T thermal efficiency fraction are dem-
onstrated in Fig. 10. With increasing nanofluid volume frac-
tion, the electrical efficiency of a solar cell increases on aver-
age is between 0.3 and 0.43%. As well, microchannel thermal
efficiency improved with the rising of the nanoparticle volume
fraction. This increase is on average between 4 and 7%.

One of the suggested ways to cool the CPV system is
the fins usage [39]. The present study made a comparison
between the CPV and microchannel system, case 3, and
the CPV and Fin system (Fig. 11a). Three fins are con-
sidered with geometric parameters of the altitude and the
space of 5.5 mm and 6 mm, respectively [39]. In terms of
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solar radiation for both systems, the solar cell temperature
changes are shown in Fig. 11b. For case 3, the porosity coef-
ficient is 0.9, the Darcy number is 1 X 1075, and the Reynolds
number is 1000. The results confirm that reducing the solar
cell temperature by utilizing fins is 11-28%.

Using a microchannel with a porous layer with a case 3
arrangement has chilled the temperature of the solar cell by
about 1-56%. In both cooling methods, the most significant
decrease in solar cell temperature occurred at higher radiation
intensities. The convective heat transfer is much better between
the encapsulation and three complementary lenses. Thus, the
cooling effect of the CPV system is improved in these areas.
Temperature counters at a radiation intensity of 1000 Wm™
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Fig. 10 Changes in the ratio of electrical efficiency and thermal efficiency in terms of nanofluid volume fraction

for both cooling systems are shown in Fig. 11c. In the case
where the fin is used, the temperature changes are between
22.4 and 52.1 °C, and in case 3, the temperature changes are
in the range of 20-30.8 °C. Using a CPV and microchannel
system with case 3 is much more efficient than the fins cooling
method. The proposed cooling method can be more effective

in expanding the electrical efficiency of the CPV system
than other conventional cooling methods. The results of this
research can be used in the design of solar equipment with
higher efficiency. The use of methods to increase the efficiency
of CPV and reduce the temperature of the solar cell has costs
that can be determined according to the user's concerns [15].
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Conclusions

Increasing the temperature of the solar cell has a negative
effect on the efficiency of CPVs, and due to the widespread
use of CPVs, ways to improve their efficiency are signifi-
cant. In this investigation, the impacts of using microchan-
nel, the CPV system performance with porous layer arrange-
ment in the microchannel, and nanofluid have been studied

@ Springer

numerically. The effect of using a porous layer in a micro-
channel has also been investigated for four modes of place-
ment of a porous layer in a channel. The findings of this
study are summarized below:

1. The consequences indicate that the growth of radiation
intensity causes solar cell temperature increment.
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2.

3.

By adding microchannels to the CPV, the solar cell tem-
perature is significantly reduced.

The solar cell temperature decreases with a porous layer
in the microchannel compared to the state without a
porous layer. When the porous layer is blocked across
the channel (case 3 and 4), more heat transfer from the
CPV system is removed using the working fluid. In
the range of 0.1 to 1, the thermal conductivity ratio in
porous media increases the electrical CPV system effi-
ciency by about 10%.

In the microchannel without porous layer and all cases
1-4, the solar cell temperature is reduced by applying
nanoparticles to the base fluid. This reduction was about
17,1, 1.%, 1.8, and 1.93% compared to the state without
nanofluid. As a result, the ratio of electrical efficiency
of the CPV system and thermal efficiency enhance by
increasing the volume fraction of nanofluid.

One of the typical methods for cooling the CPV sys-
tem is the use of a fin. This study made a comparison
between two systems (CPV with microchannel-porous
layer and CPV with fin). The CPV-micro-system's con-
sequences confirmed that porous-layer application's
solar cell temperature is tremendously more diminutive
than the CPV system with fins. Eventually, the porous
microchannel cooling method for CPV can replace con-
ventional cooling methods such as fins utilization.
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