INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
N. Boulfaf et al., Vol.6, No.1, 2016

Thermal Study of Hybrid Photovoltaic Thermal
(PV-T) Solar Air Collector Using Finite Element
Method

Naima Boulfat‘ki, Jamal Chaoufi*, Abdelaziz Ghafiri*, Abdallah Elorf*

*Laboratory of Electronics, Signal Processing and Modelling Physics, Department of Physics,
Ibn Zohr University, 80000 Agadir, Morocco.

(naimaboulfaf@gmail.com, jchaoufi@gmail.com, abdelaazizghafiri@gmail.com, elorf.abdel@gmail.com)

iCorresponding author; Naima Boulfaf, Ibn Zohr University, 80000 Agadir, Morocco, Tel.: +212693975608,

naimaboulfaf@gmail.com

Received: 01.12.2015 Accepted: 29.02.2016

Abstract- The hybrid photovoltaic thermal (PV-T) solar systems generate electricity and heat simultaneously. This type
produce a higher energy conversion rate compared with a traditional solar collecting system and than conventional PV
modules. The ambient air circulation is used as a simple mode for heat extraction. This study investigates the thermal
performance of the PV-T solar air collector. The theoretical and numerical studies of PV-T air collector operating in dynamic
mode had been performed. The basic equations of thermal balance were determined. The resolution of those equations is done
using finite element method which the domain of study is discretized to triangular elements and nodes. A computer code has
been developed for this calculation in order to carry the numerical simulation and a thermal model has been developed in this
case study. The temperature profiles of glazing, solar cells, aluminum plate and outlet air have been determined. The influence
of some parameters such as air mass flow rate, ambient temperature, solar radiation, the length of the collector and air velocity
has also been carried out. The obtained results showed that the solar cells layer possessed the highest temperature whatever the
value of solar intensity and ambient temperature. It's also shown that the PV-T length is an important geometrical parameter
for the thermal efficiency of the collector. The air velocity effect on the PV-T collector is obvious when it increases from 0 to 1
m/s and higher wind speed causes the cooling of solar cells which cause the decrease in the temperature of the PV module.

Keywords- Photovoltaic thermal, Computer code, Finite element method, Dynamic mode, Temperature distribution.

1. Introduction modules coupled to heat extraction devices in which air or
water of lower temperature than that of the PV modules is
heated, while at the same time, the PV module temperature is
reduced. In PV-T system applications, the production of

Most of the absorbed solar radiation by PV cells is not
converted into electricity and increases their temperature

which causing a decrease in their electrical efficiency. This L . o o
electricity is the main priority, and therefore, it is necessary

to operate the PV modules at low temperature in order to
keep the solar cell electrical efficiency at a sufficient level.
PV-T systems provide a higher energy output than standard
PV modules and could be cost effective if the additional cost
of the thermal unit is low. Several models of hybrid PV-T
solar air heater had been proposed in the past.

undesirable effect can be partially avoided by a proper heat
extraction with a natural or forced fluid circulation. In PV-T
solar systems, the reduction of PV module temperature can
be combined with useful fluid heating. Therefore, hybrid PV-
T systems can simultaneously provide electrical and thermal
energy, achieving a higher energy conversion rate of the
absorbed solar radiation. These systems consist of PV
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Kern and Russed [1] are studied the main concepts of
PV-T collector using water or air as the coolant. Hendrie [2]
and Florschuetz [3] have included PV-T modeling in their
works. Raghuraman [4] has developed numerical methods
predicting PV-T collector performance. Cox and
Raghuraman [5] have performed numerical simulations to
optimize the design of flat plate PV-T solar air collector in
order to increase the solar absorptance and reducing the
infrared emittance. Bhargava et al [6] have analyzed a hybrid
system which is a combination of an air heater and
photovoltaic system parameters such as length of the
collector and air mass flow rate. Garg and Adhikar [7] have
proposed a numerical simulation model for predicting the
thermal and electrical productivities of PV-T air collectors
with simple and double glass configurations. Sofian et al [8]
have proposed a new design of double pass PV-T collector
which can produce more thermal energy, while
simultaneously having a productive cooling effect on the PV
cell.

Hagazy [9] has compared the thermal and electrical
performance of four hybrid photovoltaic thermal solar air
collectors which are differentiated by the cooling mode of
PV modules. Kalogirou [10] has studied monthly
performance of an unglazed hybrid PV-T system under
forced mode of operation for climatic condition of Cyprus.
Mei et al [11], Cartmel et al [12] have presented the dynamic
model of a PV-T collector integrated in the facade of a
building. Tiwari et al [13] have validated the theoretical and
experimental results for PV module integrated with air duct
for composite climate of India. They concluded that an
overall thermal efficiency of the PV-T system has
significantly increased (18%) due to utilization of thermal
energy from PV module. Tiwari and sodha [14] have
proposed parametric study of various configurations of
hybrid PV-T air collector. These systems are differentiated
by the presence or absence of glazing and tedlar. The results
showed that glazed PV-T without tedlar gives the best
performance.

Joshi and Tiwari [15] have evaluated the energy and
exergy analysis of a hybrid PV-T air collector. The results
experimentally validated indicate that energy and exergy
efficiency of PV-T air heater varies between 55- 65 and 12-
15%, respectively. Othman et al [16] have carried out the
theoretical and experimental study of thermal and electrical
productivity of a finned double-pass PV-T solar air collector.
The results show that the use of fins increases both the
thermal efficiency and electrical performance of the
collector. Tripanagnostopoulos [17] has presented a new type
of PV-T collector with dual heat extraction operation with
aspects and improvements of PV-T solar energy systems.
Zondag [18] has performed a rigorous review on research
work of a PV-thermal collector and system, carried out by

various scientists till 2006. His review includes history and
importance of photovoltaic hybrid system and its application
in various sectors. It also includes characteristics equations,
study of design parameters and marketing, etc. Joshi et al.
[19] have developed a thermal model for the PV module
integrated with solar air collector and validated it
experimentally. They have indicated that PV module
temperature can be controlled and reduced in consequence of
changing the mass flow rate of air in solar collector and the
efficiency of PV module can be increased.

Chow [20] has done a review on PV-T hybrid solar
technology especially PV-T air collector systems. His article
gives a review of the trend of development of the technology,
in particular the advancements in recent years and the future
work required. Energy and exergy analysis of hybrid micro-
channel photovoltaic thermal module has been carried by
Agrawal and Tiwari [21] and they concluded that micro-
channel photovoltaic thermal module gives better results.
Kumar and Rosen Mark [22] have critically reviewed PV-T
air collectors for air heating providing useful results relating
to the practicability of these collectors for preheating air to
suit a large variety of applications. Rajoria et al. [23] have
performed overall thermal energy and exergy analysis of
hybrid PV-T array considering four array configuration and
concluded that the performance of case III is better than rest
of the cases.

Agrawal et al. [24] have given the design and indoor
experiment analysis of glazed hybrid photovoltaic thermal
tiles air collector connected in series and concluded that if
the numbers of glazed PV-T tile are connected in series then
it will be more beneficial from overall energy and overall
exergy point of view. Singh et al. [25] have performed
comparative study of different types of hybrid photovoltaic
thermal air collectors and reported that overall annual
thermal energy, exergy gain and exergy efficiency of
unglazed hybrid PV-T tiles air collector was improved by
32%, 55.9% and 53% respectively, over the conventional
PV-T air collectors. Yang and Athienitis [26] presented a
prototype open loop air-based building integrated
photovoltaic thermal BIPVT system with a single inlet is
studied through a comprehensive series of experiments in a
full scale solar simulator recently built at Concordia
University. Singh et al. [27] have developed a model for
single channel unglazed PV-T module and optimized design
parameter using Genetic Algorithms and concluded that the
maximum overall exergy efficiency is 16.88% at optimized
parameters.

In this paper, a PV-T solar air collector has been
simulated and its performance over different operating
conditions and parameters were studied. We have developed
a detailed numerical model to search the temperature
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distribution of the PV-T air collector. In most of works
carried in the literature, the numerical approach that found is
based on the electrical thermal analogy or on finite element
software. In our study we have proposed a detailed
systematic approach which allows moving from a boundary
problem difficult to resolve in a more accessible and
simplified problem. This approach consists in partitioning
the domain (PV-T) in various layers independent of each
other, each layer is discretized into small elements for each
element we will search a simplified formulation of the
problem. The built model has also the advantage of allowing
adding or removing a layer. By varying these layers we can
see the influence on the solar cells temperature and
consequently on the thermal and electrical performance of
PV-T air collector.

2. Presentation of physical model

In this part we resolute the transient heat transfer
problem. Consider a homogeneous and anisotropic PV-T
solar air collector with total thickness E, length L and width
H. This collector consists of seven layers: glass, solar cells,
EVA, aluminum plate, flowing fluid, insulating material and
back aluminum plate. The temperature distribution in this
collector is evaluated in two dimensions by the temperature
function 7(x, y, ¢). Suppose then at time t = 0 the PV-T
occupies the interval [0, L] of x-axis, and [0, E] of y- axis,
the temperature distribution is known at any point M(x, y) of
the domain, and equal to the ambient temperature T, =
To(x,y). Suppose, also that the collector is submitted to a
solar radiation G = 1000w /m? and the side faces at x = 0
and x = L are supposed insulated. Fig. 1 shows the cross-
sectional view of a PV-T air collector.

G Ta

Solar cells Glass

Air in Air out

EVA Aluminum

= $

Insulating Material

Aluminum Back

Fig. 1. The cross-sectional view of a PV-T air collector.
3. Theoretical analysis

In order to write the energy balance equation for each
component of PV-T collector, the following assumptions
have been made:

» The radiation is neglected.

» The thermo-physical parameters of different materials of
PV-T are supposed to be independent on temperature.

» The notion of perfect contact is counted for adjacent
elements.

» It is considered that the flowing fluid is a perfect
incompressible gas.

p,c and the components of 1 are positive constants,
representing respectively the density, specific heat and the
components of  thermal tensor. The
determination of the temperature distribution of PV-T at
point M of coordinates (x, y) at time t amounts to solving for
each component the heat equation [28, 29]:

conductivity

aT =
peor = div(A gradT) M
Where:
= A A
/1 — 11 12] 2
=10 @)

3.1. Equation of the problem

The determination of the temperature distribution in the
PV-T collector amounts to solving equation system Eq. (1)
associated with the boundary conditions of each component.
The boundary conditions for each layer are:

*  Glass

The upper face of glass is subjected to solar radiation G
and exchange heat by convection with the ambient air. The
lower face Ly, is subjected to a flux transmitted from the

face Lg,, the flux is null on the right Ly; and left face Lg,.

g1
—AggradT,. i = ayG — hy_o(Ty — T,) on Ly (3a)
—AggradTy. i = ay,1,G on Ly, (3b)

The flux is null on Ly3 and Ly,

Initial conditions: Ty (x,y,0) = Tyo(x,¥) =T, (3¢)

e Solar cells

Photovoltaic cells receive the solar flux that passes
through the glass. The solar radiations incident on the PV
cells leads to generating electric current and electric power.
The boundary conditions are:

—2AcgradT.. i = a,1,G on Ly (4a)

The flux isnull on L 3 and L,

At surface:
@ = Nrer[1 = Bo(T. = Trey) + winGlG (4b)
Initial conditions: T.(x,y,0) = T,o(x,y) =T, (4c)
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e EVA

The PV cells are deposited on a layer of EVA. We
suppose that the flux is null on L4z and Lyq4.

Initial conditions: Typ,q(x,¥,0) = Tepao(x,y) =T, 5)

e Aluminum Plate

An aluminum plate is positioned on the EVA layer. This
plate isolates the upper layers of the flowing fluid. The heat
exchange between the plate and the fluid is convection-type
with  hy,_f is the convective heat transfer coefficient. Ty;
and Ty represent the temperature at the interface aluminum-
fluid on the plate and fluid respectively. The boundary
conditions are:

_AAlgTadTAl.ﬁ = _h‘Al—f(TAl - Tf) on LAlZ (6a)

The flux is null on Ly;5 and Ly,

Initial conditions: Ty;(x,y,0) = Tyo(x,y) =T, (6b)

*  Insulating material

The insulation serves to limit the energy loss and to
maintain the heat in the coolant. Consequently, we suppose
that the flux is null on L;3 and L.

Initial conditions: T;(x,y,0) = T;o(x,y) =T, @)

*  Back Aluminum plate

A second aluminum plate is placed as last for separating
the insulation from the outside. The boundary conditions are:

—AapgradTy,. 1= —hyy_q(Tap — Ty) 00 Ly, (8a)
The flux is null on Ly;ps and Ly,

Initial conditions:

Tap (x,Y,0) = Typo(x,y) = T, (8b)

e Flowing fluid

The flowing fluid used in this work is air. The boundary
conditions involving these phenomena can be written as:

We must solve the following equation:

oTy
Prer 5 = = div(; gradT;) — 1y (Ty — Tyin) (9a)
With boundary conditions:
—ArgradTy.it = —hp_y(T; — Tay) on Lyy (9b)
Imposed temperature:
Tfin = Ta on Lf3 (90)
The flux is null on Ly, and Ly,
Initial conditions: T (x,y,0) = Tro(x,y) = T, (9d)

3.2. Variational formulation

To solve the problem, we can proceed by multiplying
the heat conduction equation by a regular test function T*
and transform it into an integral form. The equivalent
problem to solve is given by:

Finding the temperature T (x, y, t) such that:

* Glass
o Ty) = fpg ( >d5— fT;agrngL
Ly
- f Ty (g6 = hy—o(Ty = To)) dL
Ly
+f gradT;(/Tg gradTg) ds =10 (10)

e Solar cells

oT,
W, 15) = [ peecte (SE)as - [ 12 @r6a
S

Ly

+f gradTC*(/TC gradTC) ds

+ [ T Gregbo TS
N

- f T NrerG[1 + BoTrer + @inGldS =0 (11)
S

e EVA
W( evar Teva)

aT,
pevacevaT;va (%) ds

gradTe*,,a(ie,,a gradTe,,a) ds =0 (12)

—+

A ) —

e Aluminum Plate

W (T, Tay)

PAlCAzTAl( ot )dS

ln\

Tit (harep (Tar = T7) ) dL

+
S —

gradel(/TAl gradTAl) ds

+
o “—

(13)
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e Flowing fluid
aT
¥ * f
W (T, Tf) =fpfchf (E) ds
s

+ f T¢ hy_p(Ty — Ta)dL

Ly

+ fs e, Ty (Ty — Trip )dS
+f gradT;(/Tf gradT;)dS =0 (14)
s

*  Insulating material

N L (9T;
wW(T,T) = f piciT; (E) as
5

+f gradTi*(/Ti gradTi) ds=0 (15)
s

*  Back Aluminum plate

W (Taip> Tan)

0T
= [ pueuntio (T2) as
prleAlb A\ " 57
s

+ f T (Rarp—a (T, — To))dL

Ly

+ f gradT;y, (A, gradTyy,)dS = 0 (16)
S

3.3. Solving the problem using the finite element method

3.3.1.  Finite element technique

The objective of the finite element method is to find the
temperature field T (x, y, t) at any point (X, y) at each time t.
We will demonstrate how the problem is reduced to an
ordinary differential system in t. To do this, precede to the
discretization of the domain Q in N, sub domains Q. named
elements. The geometry of these elements is three-node
triangular. The number of nodes at each layer is n = 9 and the
number of elements is n; = 8 then at the overall structure
(PV-T collector) the total number of nodes is N = 45 and the
total number of elements is Nt = 56. Fig. 2 shows the PV-
thermal discretization.

43 - 45
A Es4 ES6
o ES3 4 ESS - Ec
ES0 E52
37 E49 g Es1 9
E46 E48
H = E,,
et 15 E47 " v
E42 E44
LB 12 E43 “
E38 E40
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as E37 29 30 Egps
E34 E36
LD 26 E35 27
E30 E32
E .. E29 23 E31 24 .
- E26 E28 A
o E25 20 E27 21
19 — E24
R g F 18
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El E3
\ 1 + 3
L

Fig. 2. Schematic of PV-thermal discretization using
triangular elements.

3.3.2.  Elementary representation of the temperature field

The approximate solution searched is the temperature
function [30]:

3

T¢(x,y,t) = Z T¢ (DN (x,y) (17)
i=1

Such as the functions of interpolations:

1 if j=i (18)

Nie(xi'yf) =8y = { 0 other wise

We can write the previous equality in matrix form:
Te(x,y,t) = [N°|{T*} (19)
Similarly for the function test:

T*¢(x, y,t) = [N®H{T"¢} (20)

The components TF (t) of the temperature vector {T¢}

are interpreted as approximate numerical value of
T(x,y,t) at the nodes. After calculations and simplifications

we get:

w(Te, T*¢) = {T*}"([c°1{T¢} + [k°HT®} - {f¢})  (2D)
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Where [c€], [k®] and {f®}are respectively the element
capacity matrix, the element conductance matrix and the
element load vector.

The element capacity matrix, element conductance
matrix and element load vector of each layer are given by:

*  Glass
[c¢] = pyey f[Ne]T[Ne] dse (22a)
se
k) = [ BT[] i8elase
SE
+ f [N¢]"h,_,[N®]dL® (22b)
Lg
Ush= [N (g6 + hyoT,)ate
Lg
+ f[Ne]TagrngLe (22¢)
LS
o Solar cells
[cé] = chcf [Ne]" [N€]ds® (23a)
Se
[kE] = f [B€1T[A.][B¢]dS® (23b)
Se
+GlyegBy [ INITINTas®
se
£} = NregG[1 + BoTrey + winG] [ VT ds*
Se
+ a.1.G f[Ne]TdLe (23¢)
b
e EVA
[Ceeva] = pevaceva fse [Ne]T [Ne]dse (24a)
(Keual = [ (817 heucl B as° (24b)
SE
{feoad =0 (24c¢)
*  Aluminum plate
[ca] = pAlCAlf [N€]" [N€]dse® (25a)
se

kil = [ 1B Al Be1as®
se
+ f[Ne]ThAl—f[Ne]dLe (25b)
i
{fal=0 (25¢)
e Flowing fluid
6] = prey | N1 INelase 26)
Se
k1= [ BT [ ise1ase
SE
+ f[Ne]Thf—Al[Ne]dLe
B
+1ie f [N]T[N°] dse (26b)
se
rF} = [Thcf fs ) [Ne]T[Ne]dS“’] {Tfin} (26¢)
*  Insulating material
f] = picy | _N°TF [N @7a)
k1= [ (BT A Be1as® @)
Se
{ff¥=o0 (27¢)
*  Back aluminum plate
[cAw] = PawCaw fse [N°]" [N°]dSs® (28a)
kil = [ BT D l1Beas®
Se
+ [ INT g [NlaLe (28b)
i
{Fi} = hao-aTa [ VETTaL® (28¢)

L3
3.3.3.  Global representation and Assembly
a. Assembly at the layer

The ordinary differential system obtained in the element
is written as:
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oT*
at

ey (1ee{S5 + kel = ey 29)

[A€] is the matrix for passing from temperature vectors
{T}and temperature test vector {T*} to vectors {T€}
and {T*¢}.

Firstly we have:

{Te} = [Ae]{Tlayer} (30)
And
{T*e} = [Ae]{T*layer} (31)

Secondly, since the entire domain {2 can be partitioned into
disjoint sub domains 2 € :

e=ng

0= U Qe (32)
e=1

Finally, through the assembly of the elementary quantities,
we can write the system obtained from the spatial
discretization in matrix:

[Clayer]{Tlayer} + [klayer]{Tlayer} = {flayer} (33)

The matrix c, k and the vector f are given by:

[Cuayer] = Y (AT [ce][A%]) (342)
e=1

[liayer] = . (AT [k°][4°]) (34b)
e=1

{fiayer) = ) 14°T7(F) (340)
e=1

b. Assembly at the overall structure (PV-T collector)

The global system to resolve is:

[C){T} + [KI(T} = {(F} (35)

[P] is the matrix for passing from the layer to overall
structure.

The global matrix C, K and the vector F are given by:

7

€1= > [PI[Ciayer] [P] (362)
layer=1

[K] = [P]T[klayer] [P] (36b)
layer=1

F= ) 1P {fiayer) (360)
layer=1

The resolution of a transient conduction problem
allowed to resolute the first order differential system Eq. (35)
in relation to time t.

T,(0)

With the initial conditions: {Ty} = ngo) G7

Ty (0)

The determination of the temperature field in the
material returns to determinate the temperature values in the
nodes in time. The numerical resolution of the previous
system allows determining the evolution of the temperature
in the material for the known thermo-physical parameters.

¢.  Numerical solution of the problem
The integration of Eq. (35) is made by the matrix

solution method.

Posing: A =[C]7[K] and B = [C] Y{F} (38)

Searching the eigenvalues A; and eigenvectors

P = v,v5 .. ¥y) 39)

Then calculate:

b} = P'B (40)
And

0 -1 bi’
AY = P71T(0) - (41)

1

Then we obtain:

!

X,(t) = i— + Al (42)

The final expression can be written as:

T;(t) = PX;(t) (43)
The design parameters and heat transfer coefficient of

the photovoltaic-thermal air collector used in the present
study are given in Table 1.
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Table 1. Design parameters for photovoltaic thermal (PV-T)
air collector.

Parameters Values

Eg 0.006 m

Ec 0.0002 m
Egva 0.0005 m
EaL 0.006 m

Eis 0.05m

Er 0.03 m

EAlb 0.003 m

IL 1.026 m

H 0.528 m

Ac 149 W/m °C
A 1.2 W/m °C
AEvaA 0.23 W/m °C
AaL 237 W/m °C
Mg 0.02624 W/m °C
Mis 0.04 W/m °C
P 2500 kg/m’
pc 2330 kg/m’
Ve 934 kg/m’
PAL 2698.9 kg/m’
PE 1.177 kg/m’
PIs 18 kg/m3

Co 840 J/kg

Cc 700 J/kg
Ceva 57.5 J/kg
CaL 897 J/kg

Cr 1005 J/kg
Cis 1450 J/kg

G 0.05

Oc 0.9

TG 0.9

Mref 0.125

Bo 0.0044

h 57 +38V

4. Results and discussion

The outlet air temperature, absorber and solar cells
temperature have been evaluated by using Eq. (43) and the
Matlab program for the given design and climatic parameters
(Table 1). The results obtained are reported in Fig. 3-10.

Fig.3 shows the temperature variation of solar cells,
EVA, aluminum plate, glass flowing fluid, insulating
material and back aluminum with solar intensity Fig.3a and
ambient temperature Fig.3b. It is evident that the solar cells
temperature is higher than the other elements temperature
whatever the value of solar intensity and ambient

temperature.

The effect of mass flow rate on the variation of
components temperatures is shown in Fig.4. It can be seen
more the air flow is low more the components temperature is
higher.

Fig.5 gives variation of temperatures with collector
length. The components temperature increases with
increasing length as expected. The PV-T length is therefore
an important geometrical parameter for the thermal

efficiency of the collector.

The evolution of the components temperature with air
velocity is shown in Fig.6. It is evident from the figure that
the increase in the air speed causes a decrease in temperature
of the collector elements. In fact, the wind causes the cooling
of solar cells which cause the decrease in the temperature of
the PV module.

100
=T A" Tewa
—v—TAL —¢—Tc
—a—TF —<—Tis
—»—TALb

80

60

Temperature (°C)
\ \\\\\\
\\

40 P

204

T T T T T T T
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Fig. 3. (a) Variation of various temperatures with solar
intensity, (T, = 28°C and m = 0.05Kg/s ). (b) Variation
of wvarious temperatures with ambient temperature,
(G = 1000W /m? and mh = 0.05Kg/s ).

178



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
N. Boulfaf et al., Vol.6, No.1, 2016

other elements. It can be seen that all elements of the

collector have reached the steady state after a few hours.
80 4
.
—
\\ \::.\.\.\. 90
~ 60 '\ \—'\‘\‘\gt\;::. —o—T, —A—Tgyy —V—TAL —¢—TG —a—TF —<—Tis —»—TALb
- — s
;5 —— . v 80 -
o T -
g P
=1 — —_
© 40 — 70 - g
g | - /
g ’“:H > < 60 /
— e
207 T 4 Tewa g ./
—v—TAL —+—Tc 2 504 /
—u—TF —<«—Tis €
. I I I ‘—>7TALD : '9 0 ./,/'
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20 T T T T T T T T T
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Fig. 4. Variation of various temperatures with mass flow

Time (hours)

rate, (G = 1000W /m? and T, = 28°C).

Fig. 7. Hourly variation of various temperatures with time,

— (G = 1000W /m?, T, = 28°C and m = 0.05Kg/s).

1 — ;/' A parametric study was performed on the outlet air
/%‘é./ - temperature and PV cells by varying the mass flow rate, the
) 1 / - incident solar intensity, ambient temperature and time. The
E / / /-/ outlet air fluid temperature and PV cells decreases with mass
% 07 é. . flow rate (Fig. 10a and Fig. 10b) and its value increases with
§ ’»41' solar radiation (Fig. 8a and Fig. 8b) and ambient temperature
20 =T A= Tey (Fig. 9 and Fig. 9b) over time the temperature of the outlet
EEE;:: e air and PV cells increased in the first hours after it attains the

0 : : : : : —_— steady state.
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Fig. 7 shows the hourly variation of various temperatures
with time. It can be observed that the PV cells temperature is
higher because they have a higher absorptivity relative to
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5. Conclusion

In this paper, the performance evaluation of PV-T air
collector was carried out. A new and detailed thermal model
based on finite element method was developed to calculate
the thermal parameters of a typical PV-T air collector. A
numerical simulations and parametric studies were
performed. On the basis of present study, the following
conclusions have been drawn:

* Increasing the solar radiation intensity or ambient
temperature, the solar cells temperature increases.

* The components temperature increases with increasing
length of the collector. The PV-T length is therefore an
important geometrical parameter for the thermal
efficiency of the collector.

*  When the mass flow rate increase, the components
temperature of a PV-T air collector decrease.

*  The temperature of the collector elements decrease when
the wind speed is increasing.

* The outlet air fluid and PV cells temperatures decreases

with mass flow rate and its value increases with solar
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radiation and ambient temperature. Lower ambient
temperature is important for heat dissipation and the
improving of solar cell electrical efficiency.
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Nomenclature

E thickness (m)

S area (m’)

L length of collector (m)

H width of collector (m)

G incident solar intensity (W/m”

C specific heat (J/kg °C)

h convective heat transfer coefficient (W/m?°C)

m mass flow rate (kg/s)

T temperature (°C)

N number of elements

N number of nodes

Q. sub domain

Q domain

L, upper face

L, lower face

L; right face

| lift face

N; shape functions

[C] thermal capacity matrix

[K] thermal conductivity matrix

[F] load vector

[B] Derivative matrix

[A] passage matrix

W residual

Subscripts

a ambient

c solar cell

i insulation

f fluid

ref reference

e elementary

f; inlet fluid

Al aluminum

b back

Greek symbols

T transmitivity

a absorptivity

p density (kg/m”

A thermal conductivity (W/m °C)
B packing factor of solar cell

Nref efficiency at standard test condition
Abbreviations

PV photovoltaic
PV-T  photovoltaic-thermal
EVA  ethyl vinyl acrelate
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