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Abstract

Purpose: This study aim to use the finite volume method to solve differential equations
related to three-dimensional simulation of a solar collector. Modeling is done using ANSYS-
fluent software program. The investigation is done for a photovoltaic (PV) solar cell, with the
dimension of 394 x 84 mm?, which is the aluminum type and receives the constant heat flux
of 800 W.m™2. Water is also used as the working fluid, and the Reynolds number is 500.

Design/methodology/approach: In the present study, the effect of fluid flow path on the
thermal, electrical and fluid flow characteristics of a PV thermal (PVT) collector is
investigated. Three alternatives for flow paths, namely, direct, curved and spiral for coolant
flow, are considered, and a numerical model to simulate the system performance is
developed.

Findings: The results show that the highest efficiency is achieved by the solar cell with a
curved fluid flow path. Additionally, it is found that the curved path’s efficiency is 0.8% and
0.5% higher than that of direct and spiral paths, respectively. Moreover, the highest
pressure drop occurs in the curved microchannel route, with around 260 kPa, which is 2%
and 5% more than the pressure drop of spiral and direct.

Originality/value: To the best of the authors’ knowledge, there has been no study that
investigates numerically heat transfer, fluid flow and electrical performance of a PV solar
thermal cell, simultaneously. Moreover, the effect of the microchannel routes which are
considered for water flow has not been considered by researchers so far. Taking all the
mentioned points into account, in this study, numerical analysis on the effect of different
microchannel paths on the performance of a PVT solar collector is carried. The investigation
is conducted for the Reynolds number of 500.

Keywords: Comparative study, Energy efficiency, Numerical simulation, Photovoltaic
thermal (PVT) system, Water flow path
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Abbrevsafions

NOCT nonunal operating cell temperature;

SIMPLE = semi mplicit method for pressure linked equations;
PV photovoltaic; and

PVT photovoltaic thermal system,

. 2 s 3
Lreek symbols

A = difference;
& general diffuson coe fhcient;
& = general dependent variable;

1 kinematic visoosity (m°s ™ );

p = density kgm™)

Te cell efficienc ¥

1« = ekctrical effic ency;

7y = fraction transmitted through the front glass;
o, cell absarptiv ity; and

B = temperature coefficient (K™)

1. Introduction

A look at the backdrop of fossil fuel consumption is enough to reveal how critical is the
status quo (Babaei et al., 2020). The use of fossil fuels has reached an unprecedented level
in all human life (Razmi et al., 2018), and the danger of their depletion is so closer than any
other time in the past (Doranehgard et al., 2017). Hence, alternative energy is necessary to
reduce the cost of energy consumption (Zeynalian et al., 2020). In addition, it is vital to have
a better condition from environmental pollution point of view (Razmi et al., 2019) because
there have been increasing environmental concerns (Mohammadian et al., 2020). Among all
the renewable energy sources, solar energy is ubiquitous and cheapest (Razmi and Janbaz.,
2020), and during the recent years, they come into importance very much (Hoseinzadeh et
al., 2020). The photovoltaic thermal (PVT) collectors as a type of solar energy technology are
becoming more popular worldwide (Menni et al., 2019). These collectors produce thermal
energy that can be used for different applications and, at the same time, generate
electricity. In fact, they are similar to combined cooling, heating, and power (CCHP) systems
(Sohani et al., 2020). PVT collectors can act as a cooling system for the PV systems to
improve electrical efficiency. These collectors consist of microchannels, PV cells and
manifold (Shashikumar et al., 2018). There are different types of PVT collectors, such as PVT
water and air collectors. In water-type PVT collectors, water is heated when it passes
through the cooling path (Manokar et al., 2020). There are several modes for fluid flow; the
most important are direct, curve and spiral. Selecting an appropriate fluid path to obtain the
maximum amount of radiation energy and cooling of the cell is very important (Hoseinzadeh
et al.,, 2018).

Teo et al. (2012) obtained both thermal and electrical energies from the hybrid PVT system.
The results of the experiments indicated that the use of a cooling system could be very
effective. Under conditions where no coolant was used, the PV system temperature reached
68°C, and the system’s electrical efficiency was significantly reduced and reached 8.6%.
Using the air blower to cool the PV module, the PV module temperature can be maintained
at 38°C, and the electrical efficiency is about 12.5%.



Xu et al. (2015) and Yu et al. (2018) showed that the new heat sink microchannel consisted
of longitudinal parallel microchannels and several transverse microchannels to separate the
total flow length to different points. The entire length of the parallel microchannels in the
longitudinal direction was 21.245 mm, and the total width of the cover of the triangular
microchannel was 4.35mm with a hydraulic diameter of 155um. The microchannel was
made of silicon and a thin film of platinum was deposited by chemical vapor using the
sedimentation method, yielding a uniform heat flux. In the experiments, they used ten
triangular longitudinal parallel microchannels and five transverse trapezoidal microchannels.

In the references Agrawal and Tiwari (2011, 2015) Agrawal and Tiwari investigated the
parallel routes of solar cells by passing air below them for cooling. In this study, nine rows of
solar cells were arranged together all in a column, resulting in four columns of solar cells in
parallel. For cooling the solar cells, the air was used with microchannels, and four air paths
were considered in this study. Different routes were used to pass the airflow. In this study, a
radiant intensity of 700W.m™ was radiated to the surface of the cells. The results of this
study showed that the electrical and electrical efficiency of the paths were different, so that
choosing a suitable route to enhance the thermal and electrical efficiency was of great
importance to the set.

Valadez-Villalobos et al. (2019) theoretically studied the performance of PV solar cells at
high temperatures. They confirmed that the voltage in the open circuit was reduced with
the temperature and concluded that the main factor in reducing productivity was the
decrease in the open-circuit voltage. They studied the effect of light concentration on cell
parameters at 300 K. They concluded that the increase in the short-circuit current was much
more severe than in the open-circuit voltage.

In two studies Coventry et al. (2005, 2015) Coventry et al. achieved advances in an analytical
method to predict the temperature distribution in a PV cell. They assumed that the surface
had a uniform temperature and that light would be radiated uniformly on different parts.
The results showed that the high non-uniform temperature in the cells, because of the high
heat produced by non-uniform radiation, could cause a temperature drop of up to 36.4°C.

Two investigations were also carried out by Fudholi et al. in Fudholi et al. (2014, 2015). They
placed a PVT device exposed to radiation for one day from 8 a.m. to 5.30 p.m. They found
that the system’s maximum performance was around 13 o’clock, in which the collector
outlet temperature, the cell temperature and the ambient temperature were 53.2°C, 70.3°C
and 37°C, respectively. They also found that the electrical and thermal efficiency of the
system increased with decreasing ambient temperature, and up to a water flow rate of 0.01
kg.s?, the electrical and thermal efficiency were increasing and remained fixed for flow rates
above this value.

Lee et al. (2006) conducted their study on a single microchannel. They changed the
dimensions of the microchannel, so that the channel length to width was changed for ten
modes, but its length was fixed at 120 mm. In this study, a ratio of ¢ : expressing the
length to width ratio of the microchannel was used. In addition, the hydraulic diameter
differed given dimension variation. Constant heat flux was applied to the upper surface of



the microchannel and the fluid flow passed through the microchannel, hence allowing heat
transfer between the channel and the water and heating the water. Furthermore, it was
observed that Nusselt variations that were started asymptotically from the beginning of the
channel were high and decreased up to the end of the channel.

Ghale et al. (2015) conducted a study on a rectangular thermal solar microchannel. They
used a number of 25 microchannels beneath a solar panel with a thermal flux applied to
them. The fluid entered the channels on one side and left on the other side. In this study,
the effect of temperature and thermal flux in different Reynolds numbers on the Nusselt
numbers and the pressure drop inside the microchannel was investigated using the
computational fluid dynamics. The results of this study indicated that the fluid temperature
was lower and higher at the points near the wall and in the central points, respectively.
Moreover, with increasing thermal flux from 100 to 400 W.m, the Nusselt number and the
pressure drop increased and decreased, respectively, as 32% and 14%. Furthermore, with
the increase in the Reynolds number, the changes in the Nusselt number increased for a
radiant intensity.

The studies done by Nader Rahbar et al. in the references such as Rahbar and Esfahani
(2013), Rahbar et al. (2015, 2016) can be given as other examples of the related studies to
the topic of this paper. In those studies, the authors examined a flat solar collector, the
bottom plate of which had rectangular blocks of V shape embedded as corrugated. The
mass flow rate of the fluid inside the collector was adjusted between 0.003 and 0.01 kg.s™
by a centrifuge fan and the Reynolds number within the channel was set between 1,000 and
3,500. The device was placed at 30°—45° and 90°. The study findings revealed that the
output air temperature of the device was relatively independent of the angle of position of
the device and was the same in all cases. In addition, the Nusselt number on the V-shaped
plate was more than five times of the Nusselt number on the flat plates, and the device
efficiency increased in comparison with the improved flat‘plates. They also proposed a new

relation for the average Nusselt number as V¢ = 0.998Re"*%.

As another point about reviewing the literature, it should be noted that for the numerical
modeling of the performance of PVT systems, semi-implicit method for pressure linked
equations (SIMPLE) method has been one of the most popular ones. The SIMPLE method
has been widely used in different studies for different systems. The studies of
(Abdollahzadeh Jamalabadi et al., 2017), (Hoseinzadeh et al., 2019), (Chien et al., 2020),
(Chamkha et al., 2017), (Yan et al., 2019), (Bahiraei et al., 2019), (Salehi et al., 2020),
(Yarmand et al., 2014), (Ghalambaz et al., 2017), (Hosseinzadeh et al., 2017), (Rahmanian et
al., 2014) and (Garoosi et al., 2015) can be given as some examples that show the broad
range of application and capability of SIMPLE method.

A quick review of the studies have been done on the analysis of solar collectors in different
aspects (e.g. thermal performance), which is presented in Table 1. Despite valuable studies
done so far in this field, there have been shortcomings that should be addressed. There are
some questions in Table 1, which provide a clear insight regarding the novelty of this
research.



As observed in the literature of Table 1, as well as the performed literature review, to the
best of our knowledge, there has been no study to investigate heat transfer, fluid flow and
electrical performance of a PV solar thermal cell numerically, simultaneously. Moreover, the
effect of the microchannel routes, which are considered for water flow, has not been
considered by researchers so far. By considering all the mentioned points, in this study,
numerical analysis of the effect of different microchannel paths on the performance of a
PVT solar collector is carried out. The investigation is done for the Reynolds number of 500.

Table 1. List of the related studies done in the field recently

Was a numerical
model to predict

If so, were the
electrical, energy
and fluid flow

Wasa
comparative
study conducted

If so, did the
mvestigation
take all the
important
performance
indicators, such
aselectnical,

mechanical and

the performance  critena among different  heat transfer
of the system considered alternatives for  ones at the same
Study Year developed? simultaneously? water flow? time?
Coventry ef al. (2004) 204 No No No No
Xu et al (2005) 205 No No No No
Coventry (2006) 205 No No No No
Meneses-Rodriguezet al
20(6) 205 Yes No No No
Lee et al. (Lee and
Garimella., 2006) 206 Yes No No No
Agrawal ef al. (Agrawal
and Tiwari, 2011) 2011 No No No No
Teo et al. (2012) 2012 No No No No
Rahbar et al. (Rahbar
and Esfahani, 2013) 213 Yes No No No
Fudholi f al. (2014) 214 No No No No
(Xu et al, 2015) 15 Yes No No No
Agrawal et al. (Agrawal
and Tiwari, 2015) 215 No No No No
Fudholi et al. (2015) 215 No No No No
Ghaleet al (2015) 215 Yes No No No
Rahbar et al. (2015) 215 Yes No No No
Rahbar et al. (2016) 216 No No No No
Yuet al (2018) 218 No No No No
Valadez- Villalobos et al.
(2019) 219 Yes No No No
The current study 2020 Yes Yes Yes Yes

2. Investigated geometry
Parameters of geometry, including both heat sink and microchannel dimensions, are shown
in Figure 1. The length, width and height of the heat sink are 393, 165 and 15 mm,
respectively. Moreover, 23 microchannels with a height of 0.15mm and a width of 0.5mm
are used in this study. Also, the wall thickness between adjacent channels is 2.5 mm. The
cover plate with a height of 7mm is made from aluminum and serves as a solar cell and the
collector’s entrance. The three fluid flow paths including direct, curved and spiral are
considered for the PV collector’s microchannel. The angle of inclination of the solar collector
is fixed because of the limit on the solar cell dimension.
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3. Numerical simulation

Defining a problem plays a vital role in obtaining accurate results. The details about
numerical simulation are presented in this section. It contains general information,
boundary conditions, equations and a brief description of the method used.
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Figure 1. Schematic of the considered geometry; the illustration is similar to the study by Li et al.
(2004), but the dimensions have been changed

3.1 General information
The problem assumptions used to analysis of heat transfer in the PV solar cell are as follows:
e the process is steady-state and steady flow;
e constant and steady heat flux is applied to the upper wall of the microchannel;
e the effect of radiation heat transfer inside the fluid and between the fluid and its
surroundings is neglected;
e the heat flux from the microchannel bottom insulated wall is zero; and
e the coolant flow is single-phase, steady, laminar and incompressible.

Given the heat flux in the microchannels, the heat transfer occurs between the coolant
passing through the microchannel and aluminum plate.

3.2 Boundary conditions

As discussed before, the flow of the coolant is laminar. Reynolds number for laminar flow in
the pipe or channel is less than 2,300. The constant thermal flux of 800 W.m2 is applied to
the microchannel’s upper surface, heating the fluid up. This value is selected because it is
the reference condition for irradiation in the nominal operating cell temperature (NOCT)
approach (Sohani et al., 2020). As it has been indicated in the literature, NOCT is the most
common approach to determine the performance of a PV solar cell (Sohani and Sayyaadi.,
2020). The heated coolant enters the collector after leaving the microchannel. The solar
collector consists of a PV panel, aluminum cover, microchannel and manifold. All plates used
in the solar collector are insulated. The water is considered as a coolant, and the metal used
in the PV panel is aluminum.

3.3 Equations
The governing equations of the fluid flow which describe the physics of the problem are
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Table 2. Equations related to the numerical method used in this

work

Equation Equation no. Ref Description
a aT a a a aT , aT . S s .
(kD) ra(k )+ (K E)+i= nlp m Kludbundch Heat diffusion equation
Q Cot(Tous — Tin) [ w ] . :
h = = — 2) Khodabandeh Equation related to
AT, AT, -05(Tp — Toe)] [m2C° et al (2019) conservation of energy
divipud) = div(I" grad ¢)+ Sy 3) Yousef Nezhad The permanent
and Hoseinzadeh. diffusion-displacement
(2017 equation by deleting the
transient part
n (pdu)dA = | n (I grad ¢)dA + n SgdV (4) Yousef Nezhad The flux balanceina
A A cv and Hoseinzadeh. control volume{ total
(217 integral of equation (3)
on the control volume)
i{pud:) +i'(pu¢} =i(rd—¢) +-i(l"£) + S (5) Yousef Nezhad The nommal diffusion
dx dy de\ dr/ dy\ dy and Hoseinzadeh. and displacement of the
(2019 property ¢ ina two
dimensional flow field
((pud), b, — (puA) Ay + [(puA), d, — (pud) A, (6) Yousef Nezhad The integral of equation
and Hoseinzadeh. (5) on the control volume
B A ¢ ¢ ¢ (a9
- [I‘,A., (E) - r..A..(E-) ] ¥ [r.A.. (W) ~TA, (W) ] +3AV
r, = r"'; 25 Tomit : e @) (7a -7d) Saratazet ol Equationsrelated to
(2019 central difference
ro=2¥ 2+ J. ©), Fs =22 ; s method

(comtinued)



Equation Equation na. Ref Description

rA28| aroa 4w o |, r,A,a_"l =ra2e=% ) (8aand8b) Sarafraz et al. Equation related to the
ox |, dxwp ox |, dxpg (2019) flux passing through the
control volume (westem
= = and eastem surfaces)
rall| =ra22=%s ¢ |, ra2l| =ra22=%: 4 (8 and 8d) Sarafraz et al. Equation related to the
v | dxsp n |y & xpw 2019) flux passing through the
control volume
(southern and northem
surfaces)
TAV =S, + Spdp ) Sarafraz et al. Spring term in equation
(2019) 6)
F = puA (10) Sarafraz et al. Convection mass flux
ra (2019) displaced
D= = (11) Sarafraz ef al. Diffusion conductance
- = o (2019)
?’: ((p::)}'((;))' Fo = (pud), (0).F, = (puA), (c), (12a)-(12d) Sarafraz et al. The mass flux
n=(p ) 3 r (2019) associated with cell
Dmgim (@ Dm0 Dm0, —
r (13a-(13d) Sarafraz et al. The diffusion
Dy = 8_" (d) (2019) conductance associated
XN with cell surfaces
[};"éc—Far¢.]+[Fu¢n_Fs¢3}= Dl(¢£_ ¢P) _Dn(¢P_DW)] ¢ - .
+ [Daldn — bp) - Di(dp - ﬁ,k] +[S+S 8] ad - Dt
b.=dwla) o,= dpld) (15a) and Yousef Nezhad Equations related to
(15b) and Hoseinzadeh. upwind differencing
[Fedp — Fudw| + [Fudp— Fidps| = [Da(és— ¢p) = Du(dp ~ ¢w}] (2017) method )
+ [Da(6n ~ &p) - Du(dp - 8,)] + [Su + Sl b e e e ot
equation (14)
(continued)



Equation Equation no. Ref Description
(D + Fu) + (Ds + Fs) + De + Dn 4 (Fe = Fu) + (Fa = F2) + Spl¢op : i
= (Du+Fa)bw +Didg + (D, + F,)bs + Dadby + S, an - A
apdpp=awdy +apdg (18) Sarafraz et al. Central coefficient
(2019) equation related to
upwind method
ap = aw + ag + (Fs — F) (19) Sarafraz et al. Central coefficient
(2019) equation related to
upwind method
E = pa,7,G(t) (20) Bakhshi ef al Absorbed radiation
(2019) energy
Fee = n,pr,G(1) 21) Bakhshi et al Electrical energy
(2019) generated by the solar
N = Npy(1 = B(T = To) 22) Bakhshi ef al The electrical efficiency
(2019) of the solar panel
N = 0.147 ~ 00087, 23) Jaferian et al. the electrical efficiency
(2019) acoording to Teo and
Lee (Teo et al, 2012)
e = heAc [Ty = Ta(t)) (24) Bergman et al. Equation related to
(2011) convective heat transfer
Ge = MC([Toe = Ti) (25) Bergman et al. Equation related to
VD, (2011) convective heat transfer
Re = — (26) Bergman et al. Reynolds number
4; (2011)
Dy = 7 (27) Bergman et al. Hydraulic diameter
(2011)
Nutg = —)'h% (28) Bergman et al. Nusselt number
/ (2011)
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introduced in this section. The finite volume method is used to solve the differential
equations of the defined problem. Integrating on the grid domain generated through the
boundary converts differential equations to the algebraic expressions in the finite volume
method. It should be noted that the upwind differencing scheme is used to calculate the
properties of the fluid (e.g. temperature). Also, the SIMPLE algorithm, which will be
discussed in the following section, is used to calculate the pressure field of the fluid. All the
equations used in this work to analyze heat transfer, fluid flow and electrical performance of
a PV thermal collector are shown in Table 2. Moreover, to not make the paper so long, a
brief description of the equations is presented in Table 2.

3.4 Semi-implicit method for pressure linked equations method

The SIMPLE method is used to determine pressure. The SIMPLE method is an efficient way
to obtain the steady-state solution for heat transfer problems. Also, the computation time
might be decreased using this algorithm. Its stepwise procedure makes the solution easier.
This method has been used considering the equations related to laminar, steady and two-
dimensional flow. In this algorithm, the disseized momentum equations are solved using the
initial guess of flow values. Then, the uncorrected mass flux at faces is determined. After
that, the pressure correction equation is solved to produce cell values of the pressure
correction. Following this, the pressure field is updated. The next step is computing other
flow variables (e.g. turbulence). Finally, if the solution converges, the algorithm is stopped;
otherwise, the refined values are used as a new initial guess to solve the momentum
equation again.

4. Results and discussion

This part includes validating the developed numerical simulation and comparing the three
considered alternative paths for water from different aspects. It is worth mentioning that,
as mentioned before, the comparisons are made for the Reynolds number of 500.

4.1 Validation of the developed numerical simulation

The current study is verified by the study of Peterson et al. (Li et al., 2004) regarding the
three-dimensional analysis of heat transfer. The mentioned study was done according to
geometry and microchannel dimensions shown in Figure 1, in which only some dimensions
were not the same as this study.

As seen in Figure 2, a negligible difference between the simulation results and the study by
Peterson (Li et al., 2004) is observed. The temperature variations for Reynolds numbers of
77 and 144 obtained are 40 and 17 K, respectively, when the developed numerical
simulation is applied. A perfect agreement between the prediction of the developed
numerical model and reported data of Peterson et al. (Li et al., 2004), is observed.

Also, in Figure 3, the obtained values for the numerical simulation for Reynolds numbers of
77 and 144 at the inlet velocity of 0.526 and 1.321 m.s! are equal to 15 and 50 kPa,
respectively. The maximum percentage difference of 1% between the present study and
Peterson’s study, i.e. 15.1 and 52.2 kPa, shows the accuracy of the simulation.

11
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Figure 3. Comparison of pressure variations between the current study and Peterson’s study
4.2 Comparing different alternatives for flow path

Figure 4 shows the convergence points of solutions for three specified paths at the Reynolds
number of 500. The SIMPLE algorithm was used in this simulation as mentioned before, to
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determine pressure and velocity fields.
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Figure 5. Temperature of cell surface at Reynolds number of 500

According to this figure, in the Reynolds number of 500, the value of convergence status for
direct, spiral and curved paths is 302, 325 and 375, respectively. It means that the curved
route’s convergence points are 24%and 13% higher than that of the direct and spiral paths,
demonstrates the solar cell surface temperature at Re = 500 for three microchannel routes
of direct, curved and spiral. As seen in this figure, the highest temperature is related to the
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direct path, 301.68 K, which is 0.08% and 0.32% more than the temperature of spiral and
curved routes. The solar cell surface temperature for them is 301.43 and 300.7 K,
respectively.

Based on the governing equations, the amount of absorbed energy in the solar cell depends
on the plate absorption coefficient. The higher absorption is, the higher energy is absorbed.
This energy heats the solar cell. According to Newton’s Law of Cooling, convective heat
transfer occurs between the heated solar cell and coolant of the system.

The length of the curved path is higher compared to other paths. It means that surface of
heat exchange is more than other paths, leading to a higher reduction in the solar cell
surface temperature compared to the other two paths.

Figure 6 indicates the differences between the temperature of inlet and outlet coolant at
Reynolds number of 500 for the three paths. The temperature of inlet flow passing through
the microchannel is considered to be 300 K. As discussed in the previous section, a constant
heat flux is applied to the upper microchannel surface and coolant flow. The increase in the
upper cross-sectional channel results in a higher temperature difference. The upper surface
for the direct path is lower than the other paths. Therefore, the highest level of the
temperature difference occurs for this path. According to Figure 6, at Reynolds number of
500, the temperature difference for fluid in the direct route is 1.68 K. Also, this amount for
spiral and curved paths is 1.43 and 0.7 K, respectively. Hence, the temperature difference
for fluid in the direct path is 17% and 58% more than that of spiral and curved path,
respectively.

= Direct
B  Spiral

1.68
B Curved
151 1.43
1=
0.7
0S5 I
0

Microchannel Path
Figure 6. Temperature difference between fluid at outlet and inlet at Reynolds number of 500

Fluid Temperature(K)

14



The amount of Nusselt numbers at Re = 500 for three different microchannel paths is
depicted in Figure 7. The convective heat transfer coefficient is a function of the difference
in the surface and fluid temperature values. When the temperature difference decreases,
the convection heat transfer coefficient and the Nusselt number increases. The temperature
difference between the fluid walls for the curved path is lower than the other two paths
because of the higher heat exchange surface compared to spiral and direct routes. At the
Reynolds number of 500, the Nusselt numbers of 0.48, 0.63 and 0.72 are obtained for the
direct, spiral and curved paths, respectively. This means the Nusselt number for the curved
path is 14%and 50% higher than that of the spiral and direct paths, respectively.

= Direct
= Spiral
08} .M __ Curved
0.72

Nusselt Number

0.63
06
0.48
04
02
0
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Figure 7. Nusselt number for three direct, spiral and curved paths at Reynolds number of 500

The electrical efficiency of the solar cell in three paths at Re = 500 is shown in Figure 8.
Based on equation (22), the electrical efficiency increases with a reduction in the solar cell
surface temperature. According to the results in Figure 5, the lowest cell surface
temperature is related to the curve path. Therefore, the percentage of electrical efficiency
in this path is higher in comparison to other paths. The obtained values of electrical
efficiency for direct, spiral and curved paths are 12.28%, 12.42% and 12.48%, respectively.
Therefore, at Re = 500, the electrical efficiency of the curved path is approximately 0.5% and
0.8% better than the electrical efficiencies of spiral and direct paths. Moreover, because of
the higher heat exchange surface in the spiral path compared to the direct path, the
electrical efficiency of the spiral path 0.32% is more than that of the direct path.
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Figure 9. Pressure drop for three direct, spiral and curved paths at Reynolds number of 500

Figure 9 shows the pressure drop of the fluid in three paths at the Reynolds number of 500.
The pressure drop depends on the inlet velocity, friction coefficient, channel length, channel
dimensions and the shape of the coolant flow path. The pressure drop becomes greater if
the path is twisted under similar conditions. The curved path has more twists compared to
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other paths. Therefore, according to Figure 9, the curved path has the most significant
pressure drop compared to other paths, followed by the spiral path, which has more
curvature than the direct path. At the specified Reynolds number, the pressure drop of the
curve path is 260 kPa, which is about 2% and 5% greater than the pressure drop of the spiral
(255 kPa) and curved paths (250 kPa), respectively.

5. Conclusion

To enhance the performance of a solar collector, selecting a proper fluid flow path is very
important. In this study, three direct, curved and spiral paths are considered for the
numerical simulation. It was found that the temperature changes of the coolant passing
through the direct microchannel route path at a constant Reynolds number of 500 are
greater than temperature variations in the curved and spiral paths. The high temperature of
the cell surface because of lower heat exchange between the solar cell and the coolant
compared to other paths proves the mentioned issue.

In addition, the highest electrical efficiency, at Re = 500, is related to the curved path, with
approximately 12.48%. This amount is 0.5% and 0.8% higher than that of the spiral and
direct paths. This stems from the lower surface temperature which results in better cooling
potential compared to the other two paths. The more cooling of the solar cell, the higher
the electrical efficiency of the solar cell. Moreover, the Nusselt number depends on the
convective heat transfer coefficient, which is a function of the temperature difference
between the cell surface and the fluid. There is an inverse relationship between the Nusselt
number and temperature difference. As long as the temperature difference in the curved
path is smaller than that of the other paths, the value of Nusselt number for the fluid in the
curved path is 0.14% and 50%more than that of the other paths.

Additionally, the curved path with a pressure drop of 260 kPa has the highest pressure drop
in comparison to other paths. This value for the direct and spiral paths is 250 and 255 kPa,
respectively. Furthermore, according to the discussed results, it is concluded that if the
manufacturers consider electrical efficiency as the most important criterion for the
manufacturing of the solar collectors, the curved fluid path is the best choice for them
owing to higher electrical efficiency compared to direct and spiral paths .
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