Energy and Environmental Engineering 4(1): 1-6, 2016
DOI: 10.13189/eee.2016.040101

http://www.hrpub.org

Effect of the Air Channel Depth on the Efficiency of
Photovoltaic/Thermal Sensor with a

Parabolic Concentrator

Maifi Lyes"’, Kerbache Tahar', Hioual Ouided’

'Physical Chemistry of Semi-conductor Laboratory, University of Constantine, Algeria
“Department of Informatics, Sciences & Technology Faculty, University of Khenchela, Algeria

Copyright©2016 by authors, all rights reserved. Authors agree that this article remains permanently open access under the
terms of the Creative Commons Attribution License 4.0 International License

Abstract In this paper, a theoretical study of a
photovoltaic/thermal air system with a parabolic
concentrator is presented. The investigated system consists
of a photovoltaic panel under which air is made to flow
through an exchange in order to extract heat from the panel,
thereby cooling the cells and hence increasing their
efficiency. The global energy yield of the system is evaluated
in clouding both the electrical output of the modal and the
thermal energy of air. The energy balance equations of the
whole system are computed using the GAUSS-SAIDEL
method, allowing to estimate heat transfer from all the main
components, the results show that the daily yield, of the
system increases with air mass flow rate, and decreases with
the exchanger channel width. results at solar irradiance of
1120 W/m* show that the combined PV/TH efficiency is
increasing from 60% to 75% and mass flow necessary to
maintain the cells temperature constant decreasing form 1.8
to 1.2 Kg/s, at exchanger channel width varies from 0.35 to
0.05 m.
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1. Introduction

Renewable energy technologies currently supply 13.3% of
the world’s primary energy needs. Their future potential
depends on exploiting the resources locally available and on
overcoming the environmental challenges, as on well as
winning public acceptance. Most forms of renewable energy
are based on harnessing incoming solar radiation, which
totals about 3.8 million EJ per year. A photovoltaic/thermal
hybrid solar system is a combination of photovoltaic and
solar thermal components which produces both electricity
and heat from one integrated. A prototype of

photovoltaic/thermal system using air or water as a cooling
fluid to decrease the temperature of solar cell presented by
kern et al in 1978 [1]. Since then considerable research was
performed in order to reduce the cost of photovoltaic/thermal
systems using new concentrating photovoltaic/thermal
configurations [2-7]. Most of the effort was devoted to the
optimization of the concentrator with a given exchanger
geometry. We present here in numerical study of the effect of
the exchanger channel width, and air mass flow rate a
temperatures variation in the different layers of the prototype,
and the total device energy yield.

2. System Model

The system model is divided in two part: one that
calculates the thermal heat system parameters such as
temperature (T), thermal energy (Q) and thermal efficiency
(nth) of the sensor, and the second part is devoted to electric
model, which calculates the electrical parameters of the solar
concentrating photovoltaic/thermal air system as the current
(I), voltage (V) the sensor performance and the generated
electric power. The photovoltaic/thermal collector
considered in this work is shown in Figure 1. Where the
glass cover (in plastic) plays an important role to protect the
sensor against the stone’s throw, and the light reflected and
concentrated on the solar cell by cylindro-parabolic
concentrator (reflector). The focusing system is composed of
two cylindro-parabolic concentrators. Each one has seven
panels form (Generic 60 WP polycrystalline), with 36 cells
in series for each panel. The panels are connected in series
along the direction of the system; they are glued and locked
to keep surfaces cells clean. Fins are Fixed on the heat
exchanger provide the good heat exchange to cool the solar
cells. The heat exchanger bottom is covered with a good
insulation to minimize heat losses to the ambient [8].
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Figure 1.

3. Thermal and Electrical Model

Some Hypotheses are made as follows.

®  Heat transfer is one-dimensional and in a steady state
in the direction of the flow.

® The heat capacities of the glass, cylindro-parabolic
concentrator, solar cell, fins, absorber and the
insulating plate are negligible.

® The parabolic concentrator is ideal and all the
incident radiation in the acceptance angle can reach
the solar cells.

® The radiation passing through the interior of the
parabolic concentrator is constant.

®  The solar radiation converted into thermal energy is
completely absorbed by the panels and solar
absorber.

®  The temperature of the solar cell and the absorber are
uniform.

Based on these assumptions, the equations of energy can
be written as:
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Figure 2. Thermal model of our thermal/photovoltaic sensor

Schematic view of our sensor photovoltaic/thermal

3.1. For the glass cover

W@y Cy o2 + agGC(1 + Tgpgpd") = hygs(Ty — Ts) +
hch(Tg - TW) + hCPg(Tg - Tp) + Iz_c:hrpg(Tg - Tp) (M

Where n is the average number of reflection for radiation
inside the acceptance angle. And C is the ration
concentrating.

3.2. At the Photovoltaic Thermal Plate
Wy 9Cp 52 + Ty, GpRd (1 + Loark ) (1-P)+

T4, GPpRd (1 + ppvpc_gsz“) (1 - npv) = A—Cchcpmp(Tp -
Tp) + %hmb (T, - Ty) + i—fhcpg(Tp —Tp) +

Z_Ccthrpg (Tp - Tg) )

Where d is a correction of gap loss. P is the solar cell

packing factor with [12].
np :is the total efficiency.
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The solar cell efficiency depends on the cell temperature
as given by ref [12]

Mpw = rer (1 - 0.0054(T, —298.15)) (6
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Where 1, is a reference efficiency of solar cell at solar
irradiance 1000 W/m?* and temperature T,=25°C. In this
work 1,.r is taken as 10%.

2.3. The Heat Exchanger

aT;

medef
pr(prfE +——=

Wpp dx

AC
hcpf(Tb - Tf) + A_Cbhcpfnp(Tp - Tf) (7)

Where m,, is mass flow rate (kg.s’l), C; is specific heat
(J.kg' k") and w is system width (m) [11,12]

2.4. The Insulating Plate

aT,
wy, ¢, Cp o + Up(Ty — To) =
AC
hepe(Te — Tp) + A_Cbhrpb (T, — Tp)

The back loss coefficient Uy is 0.0692 W.m*.k [12].

®)

3. Heat Transfer Coefficients

In the above equations, radiative and convective heat
transfer coefficients are calculated using the relations
reported in refs [11—12].

The radiative heat transfer coefficients from glass cover
to sky and absorber plate are taken as [12]

_ ego'(Tg—Tg)

hrgs - (Tg—Ta) (9)
Where the equivalent sky temperature is evaluated as
T, = 0.0552T}"> (10)
o((TA+T3)(Tp+Ty)
Ry, = —Lrirpg (11
(;*'a—l)
o((T2+T3)(Tp+Tp)
Rypp = R i T Al 2 (12)
(;*'5—1)

The convective heat transfer coefficient of the wind is
calculated by [11].

hegw =2.8+3V,
V, : The wind velocity is 3 m/s.

The natural convection heat transfer coefficient between
the solar cells and glass cover is calculated as [12]

(13)

h

cpg =
Af _ 1708 __sin(1.8p)"41708
(Hpg) (1 +1.44 (1 RacosB> (1 RacosB )
1
(Rycosp/5830)5 — 1) (14)

The forced convective heat transfer coefficient of cooling
air is calculated by [10, 11].

hcpf =

Af 0.8 0.03795X
(3) (0.0158R%8 + (0.00181R, + 2.92)exp~ b (15)

Where Re is Reynolds number [11]

3. Method of Calculation
We can write the equation 7 as:
T 4 T = (16)

dx
Where p and q are constants obtained by algebraic
manipulations.
The boundary conditions are:

Te(x) = T,,atx =0
Te(x) = Tg,atx = L

The solution can be obtained as

Tr(x) = %—i— (Ta - %) exp P¥ (17)

By grouping the four equations from equation 1 to
equation 8, we obtain a four variables matrix. In the
equation 16, p and q are the two unknown temperatures
functions. An iterative algorithm is applied to determine
these temperatures. In order to calculate the temperature of
each cell of the photovoltaic concentrator, the panels is
divided into i=252 units of 0.031746 m length (i is also the
number of series cells in the collector). To start the
calculation, initial values at Ty (T,=T,,) and T, are
introduced. The temperature T; of the in air flow at x=0, is
equal to the ambient temperature. The new temperatures
can be obtained from the matrix. Gauss-Seidel method is
used to calculate the temperatures of each cell by an
iterative process which is repeated until temperature values
converge. Thus the components temperatures for the first
cell can be determined. Applying it as the Intel to the next
cell, the components temperatures for the second cell can be
similarly calculated. By repeating this step, all temperatures
for the different components can be determined. Using
these temperatures, one can deduce the air mass flow
influence on the cells and panel efficiency.

4. Performance Parameters

Performance parameters of the hybrid
thermal/photovoltaic are computed as following:

The thermal energy gained by the air flow through the
system of thermal/photovoltaic is:

sensor

Qen = Xj=1myp . Cr. (To; — Ty j) (18)
The thermal efficiency of the system is:
Yjeq mpCe(Toj=Ti )
N = =" (19)
The electric power produced by the system is [10].
PpvPgPR”
va = Z’;lrgavaPpﬁd (1 + pTgR) (npv,j) (20)

The electrical efficiency of the system is:
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Figure 6. Effect of the air channel width on the hourly variations of the
efficiency

It is observed that the mass flow necessary to maintain the
cells temperature constant increases when one increases the
air channel width of the heat exchanger (Figure 3).

This is explained by the fact that the heat exchanges
convective internal in the sensor between air and the cells
improved, when the distance between absorber and
insulating plate, decreases.

The outlet air temperature and the efficiency of the system
decrease with increasing air channel width (Figure 4 and 5)
because the internal thermal convective exchanges
deteriorate with increasing air channel width, the air flow
rate being kept constant. But we showed that the cells
temperature increases quickly with an increase of air channel
width of the exchanger of heat, when mass flow of air
maintained constant Figure 4.

It is observed Fig.7 that the daily output of the system
decreases when one increases the air channel width of the
heat exchanger. This is explained by the fact that the heat
exchanges connectives internal in the sensor deteriorate,
when the distance between absorber and insulating plate,
increases, the mass flow of air being maintained constant.

6. Conclusions

In this study, heat transfer and the semiconductors p—n
junction equations are used to study effect of the air channel
width of heat exchanger on efficiency for solar concentrating
photovoltaic thermal air system the performance of a flat
plate solar collector. A theoretical model for the energy
analysis is presented. From this simulation it can be stated
that. The efficiency and the fluid temperature of the
concentrating photovoltaic thermal air system, increases
with decreasing of channel width of heat exchanger and cell
temperature decreases. Based on this analysis, the
appropriate  operating conditions for concentrating
photovoltaic thermal air system could be determined with the
given conditions and are useful for obtaining a higher useful
energy rate and decreasing internal losses. We conclude that

once the developed simulation model is successfully verified
by experimental results, this model will useful at different
operating conditions such as exchanger channel width, flow
rates, inlet temperatures, sizing and so on.

Nomenclature
A Area m?
E Electrical energy w
D hydraulic diameter m
G Solar radiation W.m™
h heat transfer coefficient Wm2K!
H Height m
L length m
\Y% velocity m.s’
m Mass flow rate kgs 'm™
Q energy W
Ra Rayleigh number /
Re Reynolds number /
T Temperature °K
thickness m
X Direction variable m
Greek letters
a Absorptivity
Acceptance angle °
n efficiency
T Transmitivity
p reflectivity
Pr reflector
A Thermal conductivity W-m-K!
) Thickness m
& Emissivity
1) density Kg.m?
g Boltzmann number W.m?K*
Subscripts
Ambient
Back pate
c Convective
cb Top surface of absorber plate
ct Bottom surface of absorber plate
glass
f fluid
i inlet
o outlet
p Absorber plate
pv Solar cell
r radiative
s sky
th thermal
w Ambient/ wind
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