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In the world of tomorrow, it will be significant changes
mainly due to the growing demand for all forms of energy:
wind, water, oil etc. After the 1973 crisis experienced by
the world about the casting or strategic position occupied by
nation energy in its broadest sense, knowing that much of it,
is finite in time and space. All states in the developing world
have established strategic study groups to develop other
types of renewable energy in order to provide clean energy
in sufficient quantities and at low costs. The effect is
double: it will satisfy the growing demand and promote the
development of an environment saint for all humanity.
Besides the construction industry and public works have
received the benefit of the conceptual coupling of
photovoltaic panels with thermal collectors after that there
was an increase in the electrical efficiency of the cell, which
decreases when the temperature of the cell increases.
Photovoltaic solar panels have an electrical efficiency which
varies between 5% and 25%, 80-85% of the energy
absorbed by the solar cells are in the form of heat or thermal
energy. [1] This allowed for get the idea to combine these
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signs another system in which a fluid which extracts heat
from the photovoltaic cells. Many studies have been
reported for hybrid systems, among which are:
Hegazy[2] has compared the thermal, electrical, hydraulic
and overall performances of four types of flat plate PVT/
collectors. The comparison indicated that the model 3 in
which the air flow on both sides of the absorber, is the most
suitable one, for converting solar energy into low quality
heat and high quality electrical.
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the HPV / T collector depends on the different input and
output parameters: solar radiation, wind speed, ambient
temperature. If retrospectively TIWARI has made in relief in
his paper, an experimental and analytical study, we suggest a
study by numerical simulation, by establishing an energy
balance on one of the four collectors, proposed in his study,
which
represent
the
best
performance.
In the present work we have developed a computer simulation
program of the glazed hybrid PV/T without tedlar.
It has been validated
with Tiwari’s experimental results
carried out by his work. Simulation results show that the
thermal efficiency increases with the increase of air flow mass
rate but when the wind speed and the depth air increase, the
outlet air temperature, solar cell temperature and electrical
efficiency will decrease.

Tiwari et al [3] have evaluated the performance of the
photovoltaic module integrated with air duct for composite
climate of India.
Experimental validation has been carried out with an
analytical expression for overall efficiency (electrical and
thermal). They concluded that an overall thermal efficiency
of PV/T system is significantly increased due to utilization
of thermal energy in PV module.
Tonui et al [4] have presented the use of a suspended thin
metallic sheet at the middle or fins at the back wall of an air
duct as heat transfer in a cooled PV/T solar collector to
improve its overall performances. Their paper focused on
the experimental study and such they have presented
experimental results regarding the relative performance
improvement achieved by the modified systems with respect
to the topical system.
Tonui et al [5], have investigated low cost techniques that
can reduce the operating temperature of the PV modules
integrated PV systems, to improve the electrical power
output and increase the heat production. This work has
focused on the performance of PV/T air collector, without
and with additional glazing. They concluded that this last
improves the heat production but lowers the electrical
efficiency of a PV/T collector.

Niccolo et al [6] have described the research and
development program carried out at the politecnico di
Milano on the design, development and performance
monitoring of a hybrid PV/T air collector.
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c.3 The rate of electrical energy generated by the PV cell
 ୣ୪ୣ ൌ Șé୪ୣ ൈ ൈ ୡ ൈ Ĳଵ ൈ Ĳଶ ሺሻ
(10)

C.4 The useful thermal energy
The useful thermal energy can be calculated as follows [9]:

ሶ 
ൣ୮ଵ ୮ଶ ሺĮĲሻୣ  െ  ሺୣ െ ୟ ሻ൧ ൈ ሺͳ െ ሺെ Ȁሶ  ሻሻሺͳͳሻ


IV. MATHEMATICAL RESOLUTION OF EQUATION
SYSTEM
After developing the energy balance equations of glazed
hybrid PV/T air collector which was based on the energy
transfer phenomenon for each components. This equation
system was discredited. The resolution of the system was
performed by the iterative Gauss-Seidel method, which
allowed us to evaluate the different heat exchange
coefficients for each time and for each component, we
obtained a system of equation whose resolution can
calculate our unknowns.
V. RESULTS AND DISCUSSION
We elaborated a simulation program in Matlab language, for
composite climate of Jijel. The results were obtained
through the region specific meteorological data that is:
Latitude = 36°48 'N, Longitude = 5°53' E. We have chosen
July 10 as a typical day.
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ሺߙ߬ሻ :The effective product of absorptivity and
transmittivity.
UL : The overall transfer coefficient from solar cell to
ambient through glass cover.
hp1 : The penalty factor due to the presence of solar cell
material.
hp2 : The penalty factor due to the presence of the interface
between solar cell and fluid.
 , et L : are respectively the incident solar intensity,
the width and length of the hybrid PV / T collector air.
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c.5 The thermal efficiency of the hybrid PV /T collector
The thermal efficiency of an hybrid PV/T collector is
calculated by:
ሶ ୳
Ș୲୦ୣ ൌ
ሺͳʹሻ
 

c.6 The electrical efficiency of the HPV / T air collector [7]
The electrical performance of a hybrid PV / T collector is
given by the following relationship:
Șୣ୪ ൌ Ș୰ୣ ሾͳ െ ͲǤͲͲͶͷሺୡ െ ୰ୣ ሻሿሺͳ͵ሻ
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 ൌ

It can be simply calculated by adding the thermal
efficiency (eq. (12)) and the thermal efficiency equivalent
of electrical efficiency (eq. (14)):
Ș ൌ Șୣ୪ǡ୲୦ୣ  Ș୲୦ୣ ሺͳͷሻ
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It is calculated by the following expression [12] :
ୡୣ ൌ Ĳଵ ൈ Ĳଶ ൈ Įୡୣ ൈ ୡୣ ൈ ሺȀ²ሻሺͻሻ
where :
߬ଵ ǡ ߬ଶ : The transmission coefficients of the
glazing and the glass cover.
Įୡୣ : The absorption coefficient of the cell.
ȕୡୣ : Packing factor.

Where:
Tref : The reference cell temperature (K)
Ș୰ୣ : The reference module efficiency.
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Table I. DESIGN PARAMETERS OF GLAZED HYBRID PV/T AIR
COLLECTOR WITHOUT TEDLAR.
Parameters
Glass
Solar cell
Insulator

Mass density
(kg.m-3)

2530

2330

450

836

903

1800

Emissivity

0.88

0.95

0.11

Thermal
conductivity
(W.m-1K-1)

0.93

270

0.039

0.066

0.9

0.11

Specific heat
(J.kg-1.K-1)

Absorption
Coefficient

c.7 The equivalent thermal efficiency to electrical efficiency
of PV hybrid PV /T air collector [7]
a.

The equivalent thermal efficiency of a hybrid PV / T is
calculated with:
Ș
Șୣ୪ǡ୲୦ୣ ൌ ୣ୪ ሺͳͶሻ

Where:
Șୣ୪ǡ୲୦ୣ : The equivalent thermal efficiency.

 : The conversion factor of the thermal energy.

Experimental validation
Variation of outlet air temperature of the air duct is
shown in fig.4. from the simulation described in our study
and Tiwari’s experience validation of a glazed hybrid PV/T
solar collector without tedlar has been performed. It has
been noted a good agreement between simulation and
experimental values.
b. Variation of wind speed

c.8 the overall energy efficiency of hybrid PV/T air
collector [7]
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Figure 9. Effect on thermal efficiency by varying air mass flow rate.
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VI. CONCLUSION
A numerical simulation of a glazed hybrid photovoltaic/
thermal air collector without tedlar was been elaborated in
this work.
From the study, the following conclusions can be drawn:
- The numerical simulation results of our work are in
good
agreement
with
the
experimental
measurements of Tiwari et al [9].
- The increase in the wind speed or the depth of air
duct decrease the outlet air temperature,
temperature of solar cell and electrical efficiency of
the glazed hybrid PV/T air collector without tedlar.
When the air mass flow rate increase, the thermal
efficiency increase.
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