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Abstract

A laboratory scale hybrid solar air collector has
been developed and tested for unload conditions at
the Maulana Azad National Institute of Technology,
Bhopal, India. The collector has been tested under
two weather conditions firstly in clear sky and
secondly in cloudy and partly hazy. The cdl
temperature in the clear sky conditions is found to
higher than other weather conditions. The reduction
in cel temperature in cloudy and partly hazy
weather condition vary from 4.4-152 °C as
compared to the clear sky conditions. Experimental
result reveals that there is a dight increase in the
voltage and current in cloudy and partly hazy
weather conditions as compared to clear sky
conditions due to low ambient temperature.
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1. Introduction

Photovoltaic technology (PV) provides a direct
method to convert solar energy into electricity. In
recent years, the use of PV systems has increased
greatly with many applications of PV devices in
systems as small as battery chargers to large scale
electricity generation systems and satellite power
systems. Commercially available PV modules
convert around 13-20% of incident solar radiation
into electricity. The remaining solar energy
absorbed into the panel is converted to heat and
increases the panel temperature. This increase in
temperature causes the development of thermal
stresses in the panel and also causes the module
efficiency to decrease [1]. To reduce the panel
temperature, cooling of the PV panels is usually
done which improves the electrical performance of
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the module and reduces the thermal stresses

developing in the module.

Several types of thermal models have been
developed for calculating the temperature of PV
cells as a function of solar radiation and the
environmental conditions. These include models for
PV panels without cooling [2—4] as well as with
cooling [5-10]. For PV module cooling two
different approaches have been adopted. Either
custom-made photovoltaic—thermal (PVIT)
collectors are developed with the objective of PV
module cooling and collecting hot water or air or
commercially available PV modules are cooled
using auxiliary thermal collectors attached to the
back surface of the module.

Thermal modeling of custom-made PV/T collectors
is extensively reported in literature [5-8]. Tiwari
and Sodha [5] developed a one-dimensional
analytical model for the Integrated
photovoltaic/thermal system (IPVTS) collector of
Huang et al. [11] and validated its performance
against experimental data. An improvement to this
model was suggested by Sarhaddi et al. [6]. They
suggested that the accuracy of the model could be
improved by using the equivalent electric circuit
model to determine the electrical performance ef th
system and by using more detailed expressions for
determining the thermal resistances within the
system. A similar model was developed by Amori
and Taqgi Al-Najjar [7] who applied their model to
predict the performance of a PV/ T collector footw
different environmental conditions in Iraq. They
considered the temperature variation across the
thickness only and used an equivalent electriaiirc
model for electrical output prediction. Amrizal adt

[8] carried out dynamic modeling of a PV/T
collector. They used a very simplified thermal
model which calculated the thermal power output
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and the PV cell temperature and their model
required experimental data for estimating the model
parameters. For electrical performance prediction,
they used an equivalent electric circuit model. &or
commercially available PV module cooled by
auxiliary thermal collectors, a relatively smaller
amount of work has been reported. In one work, Teo
et al. [9] designed an air cooled PV/T system using
commercially available PV panel and a custom
made air collector attached to it. They developed a
one-dimensional thermal model for their PV/T
collector and used it to analyze its performanoe |
previous work done by the authors, they developed a
three-dimensional thermal model for commercial
PV modules cooled using an auxiliary thermal
collector. They used the model to carry out
parametric studies to see the effect of various
environmental and operating parameters include the
contact resistance between the PV module and
thermal collector on the electrical and thermal
performance of the PV module [10].

For modeling the electrical performance of PV

modules, various electrical models have been
developed. These include models based on the
analytical knowledge of PV cell behavior, models

based on empirical correlations, as well as models,
which combine the two approaches. King et al. [3]

developed an empirical model for simulation of PV

systems called the Sandia Labs PV Model.

Hishikawa et al. [12] and Marion et al. [13] used

current—voltage curve interpolation for estimating

the module electrical performance.

Another approach adapted for PV electrical
performance prediction was to represent the PV
device by an equivalent electric circuit in whigbef
model  parameters represent the  specific
characteristics of a PV device. The model
parameters can be modified for different input
conditions and the model can then be solved to find
the PV electrical characteristics [14—16]. The iispu

to the electrical model are the absorbed solar
radiation in the PV cells and the PV cells
temperature. An improvement to the five parameters
model, the seven parameters model, was suggested
by the authors [17] in which the equations to mpdif
the model parameters were adjusted to improve the
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electrical model accuracy at low irradiances and
high temperatures. As far as structural performance
of PV panels is concerned, the main approach used
is using finite element methods [18-21]. In an effo
to optimize the design of PV cell interconnects to
reduce thermal stresses, Eitner et al. [18] deesglop
a structural model for a string to PV cells lam@at
using finite element method. Gonzalez et al. [19]
used an FEA based model to study the effect of
encapsulent and adhesive materials and PV cell size
on the thermal stresses developing in the cells and
the interconnects. Meuwissen et al. [20] develaped
finite element model for a single PV cell lamin&te
study the structural response of adhesive cell
interconnects. Using the developed FE model, they
studied the effect of adhesive interconnect on the
stresses developing in the cell interconnects by
reducing the laminate temperature. Dietrich et al.
[21] presented a finite element based modeling
methodology which consisted of an overall model of
the entire panel and several submodels for studying
the effects of thermal and mechanical loads on the
PV module. They studied the stresses developing in
the module during the lamination process. In all of
these previous works, the focus was to study the
stresses developing in the module during the
lamination process and/or the IEC 61215 standard
thermal cycle. Additionally, the structural models
were not combined with a thermal model to first
determine the temperature distribution inside the
module which would have extended the model
capabilities to simulate the effect of real-life
environmental conditions on the module
performance. Instead, uniform temperature load was
applied to the entire model. In a previous worlg th
authors used the structural model in combination
with a thermal model in order to simulate the
structural performance of the PV module under a
variety of environmental and operating conditions
[22]. The objective of the current work was to
develop a multiphysics model capable of predicting
the thermal, electrical and structural performaote

a PV module under real-life conditions with and
without cooling. The developed model is capable of
calculating the three-dimensional distribution of
temperatures in the PV module and the auxiliary
thermal collector, the three-dimensional stress
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distribution inside the PV module as well as its
electrical power output and electrical efficienthe
three-dimensional thermal model, developed in CFD
environment, allows the use of complex thermal
collector geometries which cannot be modelled by
one-dimensional analytical models. For the
electrical performance prediction, the improved
seven parameters model is used. Moreover, a
scheme to incorporate the electrical model effacts
the CFD model is also presented. The developed
model was applied for simulating the performance
of a commercially available PV module for four
different days representing different temperatures
and cloud conditions at Jeddah, Saudi Arabia.

2 Mechanics and material

The photograph of the hybrid solar PV/T collecsor i
shown in Fig. 1. The orientation of hybrid solar
PVIT collector was kept in the east-west during
experiment to extract maximum advantage of
incident solar radiation. The PV/T collector is
inclined with 23.

Fig 1. Photograph of the Experimental set up

2.2 Instrumentation

The solar radiation measured on the inclined serfac
of the PVIT collector with the help of TM 207
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model solar power meter manufactured by Tenmars,
Taiwan having experimenting accuracy +10 \W/m
and measuring range of 0-2,000 W/r€alibrated
digital hygrometer ofAM-3003 model manufactured
by Lutron, Taiwan probe type is used to measure the
temperature and relative humidity at inside, outfet
greenhouse and ambient conditions. The measuring
accuracy and range for measurement of relative
humidity are +3 and 10-95 %; +0.8 and 0-2&0are

the measuring. Ground temperature was recorded
with the help of MT Raytek infrared thermometer
non-contact gun type having accuracy and precision
+2 % and 0.2C respectively. Air speed is measured
with the help of hot-wire 490 Testo anemometer
probe having resolution and range are 0.1 and 0.2—
60 m/s respectively.

2.3 Experimentation

The experiments were conducted in no-load
condition on 14-15 June 2014 on the site of Maulana
Azad National Institute of Technology (Bhopal,
India) located at 23.15°N latitude, 77.25°E
longitude and 500 m altitude. Experiments were
conducted only during the day time hours from 10
a.m.to5p.m.

Result and Discussion

After construction of the hybrid solar air collecta

was tested. The analysis was carried out such as
solar radiation intensity, relative humidity, wind
velocity, ambient temperature and cell temperature.
First day (Day 1) of experimentation was found to
be the clear sky conditions and on second day (Day
2), the weather was hazy and partly cloudy
condition. The variation of these five parameters
were observed hourly basis during experimentation
and it is presented in Fig 2-6. Fig. 2 depicts the
variation of solar radiation with respect to tinie.
shows that the maximum solar intensity was 915 and
640 W/n? for day 1 and day 2 of experimentation
respectively.

and Current



//
f“\g International Journal of Research (IJR) Vol-1, Issue-6, July 2014 ISSN 2348-6848

TR

Solar Radiation (W/m?2)

1000

800 -

600 -

400 - ——Day1

—Day 2
200 A

O T T T T T T 1
10 11 12 13 14 15 16 17

Experimentation (Hrs)

Fig 3 shows the variation of ambient temperature on
the both day of experimentation. On the day ofrclea
sky, which is day 1 is found to be always greater

temperature

Fig 2: Variation of Solar radiation

conditions. The average ambient temperature on
day 1 is 43.85°C and 35.72°C for day 2

respectively.
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Fig 4 shows the
humidity of day 1

average ambient relative humidity is 20.95 % for
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Fig 3: Variation of Ambient Temperature

variation of ambient relative
and day 2 respectively. The

day 1 and 35.58 % for day 2 respectively. It isnidu
that day 2 have higher ambient relative humidity as
compared to day 1 of the experimentation.
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Fig. 4 Variation of ambient relative humidity

Fig 5 demonstrates the variation of ambient wind compared to day 1. The range of wind velocity on
velocity. It is observed that day 2 of day 1is 0.51-2.1 m/s for day 1 and 1.71-2.44 wv's f
experiementation having higher wind velocity as day 2 respectively
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Fig 5 Variation of ambient wind velocity
Fig 6 shows the variation of the cell temperatire o cell temperature decreases the efficiency of thexr so
the hybrid solar air collector. Due to clear sky panel. The variation of cell temperature on day 1 i
conditions on day 1, cell temperature is always 45.3-61.4°C for day 1 and 35.4-53%€ for day 2

found to be the higher than the day 2. The higher respectively.
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Fig 6 Variation of cell temperature
Fig 7 shows the variation of the open circuit vgita The average voltage on day 1 was 18.89 V and
of the hybrid solar PV/T collector. It is foundbe 19..23 on day 2 of the experimentation respectively
almost constant on the both day of experimentation.
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Fig 7 variation of Voltage

Fig 8 illustrate the variation of current duringoeximentation. On day 1, it vary from 1.86-2.12nklan day 2 it
vary from 1.92-2.34 A
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Fig 8 Variation of current
Conclusion [5] Tiwari A, Sodha MS. Performance evaluation of

This study can be used to provide the design and
testing data for this type of hybrid solar air ectoor

in other locations of the world. Experimental résul
reveals that there is a slight increase in theagelt
and current in cloudy and partly hazy weather
conditions as compared to clear sky conditions due
to low ambient temperature. In order to increase th
efficiency of the collector, suitable modificatican

be applied in the collector to provide proper cogli
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