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Abstract

A photovoltaic thermal system (PV/T) is-a combination of solar cells and solar heating systems
that simultaneously produces electricity and low-grade heat. The present paper experimentally
investigates the effects of forced convection on the thermal and electrical efficiencies of a single-
pass air PV/T system. For this purpose, a modified air-cooled PV/T system that is equipped with
four fans to produce forced convection conditions was tested. The effects of air mass flow rate and
depth of the channel were studied. The results illustrate that the reduction in the depth of air
channel increases the thermal efficiency, but it has no considerable effect on the electrical
efficiency. With increasing the mass flow rate of air, the thermal efficiency is increased, but a
slight enhancement is obtained for the produced electrical power by PV. The outcomes show that
the thermal efficiency of system with 0.05 (m) channel depth and air mass flow rate of 0.018 (kg/s)
to 0.06 (kg/s) is approximately in the range of 15%-31% while the electrical efficiency just
changes in the range of 12%-12.4%.
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NOMENCLATURE
A Area Subscript
Aa Cross section of channel area a air
Cp Specific heat capacity(kJ/kgK) amb ambient
G Solar radiation intensity(W/m?) abs Absorber plate
I Circuit current(A) bs back surface of tedlar
m Air mass flow rate(kg/s) c solar cell
Nu Nusselt number el electrical
P Power(W) in inlet
PV Photovoltaic mp maximum power point
0 Heat transfer rate oc open-circuit
T Temperature out outlet
v Circuit Voltage(V), Wind ov overall

speed(m/s)

PV Photovoltaic panel

Greek Symbols sC short-circuit
d duct depth th thermal
n efficiency
P Density(kg/m?)

Introduction

Photovoltaic panel converts a small part of solar energy into electricity, and the rest is wasted as
heat and reflection. This may lead to increase the temperature of the cell and decrease the electrical
efficiency. Circulation of a cold fluid such as water or air around the panel prevents from electrical
efficiency drop. PV/T system is a combination of photovoltaic panel and solar thermal collector, in
which both electrical and thermal energy produced at the same time [1]. Air and water are the most
common fluids in PV/T collector systems. Since 1970’s when Kern and Russell have introduced
the main concepts of PV/T systems [2], various studies have been carried out on PV/T systems
[3].[4]. The air-cooled PV/T collector has been more considered in terms of easy construction and
less production cost [5],[6],[7],[8]. The simplest PV/T air collector design consists of a
photovoltaic panel that is attached to an air duct. Other designs of PV/T air collectors are as single-

pass or double-pass air flow, glazed or unglazed, using fins, metal sheets or channels in the duct
[9].[10].



As mentioned before, the main concept of PV/T is to use the heat loss of the PV panels. Some of
the common thermal applications of air PV/T systems include space heating, natural ventilation of
buildings, and air preheating in industrial sites. Dehumidification of air in cabins, garages,
allotment houses and mobile homes can also be mentioned as examples of PV/T applications
[11],[12].

The building-integrated PVT system (BIPVT) can be extensively utilized in the roof or facade, in
which air circulate around the PV cells. The hot air can be installed on wall or' room to heating the
space of one or more rooms. It can be passive or active. It is also can be used to warm the
commercial buildings and factory sites. The other application of hot air is agriculture drying
process. According to the usage of hot air, the mass flow rate and its temperature should be
controlled [13],[12].

Researchers have studied PV/T systems using experimental and numerical methods
[14],[15],[16],[17],[18]. In the last decade, many studies have been implemented to improve the
efficiency of these systems and evaluate their economic and environmental aspects [19],[20],[21].

The performance of unglazed PV/T system was evaluated for various climatic conditions by
Tiwari et al. [22] in Delhi, India. They concluded that the overall efficiency increased by 18% due
to the utilization of thermal energy gathering in the system. Tonui and Tripanagnostopoulos [23]
investigated the effect of using a thin flat metal sheet in the middle of air channel or finned back
wall in glazed and unglazed PV/T air collector. Also, a numerical model was represented and
validated against experimental data. The results showed that fins enhance the efficiency of the
system. At the meantime, they carried out experiments to examine the performance of PV/T
collector circulated with either forced or natural airflow [24]. In 2008 and 2009, Raman and Tiwari
[25, 26] considered the energy and exergy efficiency of the PV/T air collector in five different
climatic places. They also evaluated the performance of single-pass and double-pass air PV/T
systems. They found that the double-pass PV/T system reaches a better performance than the
single-pass type. Joshi et al. [27] studied and compared the performance of unglazed glass-to-
glass and glass-to-tedlar air PV/Ts, in different climatic places in New Delhi, India. They
completed their investigation with validation versus the experimental data literature. The obtained
results indicated that the glass-to-glass type had higher efficiency in comparison to the glass-to-
tedlar systems. Solanki et al. [28] experimented a PV/T solar heater system in an indoor testing
process. They measured dependent factors by changing mass flow rate of air and solar intensity in
steady state conditions. Ameri et al. [29] built a direct-coupled PV/T air collector in Kerman, lIran.

Polycrystalline silicon PV panels were used. The power of fans was supplied directly from the PV



panels. They found that the amount of air mass flow rate is dependent on solar radiation and
ambient temperature which varies with weather changes. According to the electrical energy
consumption of fans, they presented the optimized velocity of air in the channel. Shahsavar et al.
[30] considered the energy and exergy performance of the previous system (represented by Ameri
et al. [29]) for both glazed and unglazed air PV/T types. They improved the performance with
adding thin metal sheet in the middle of the air channel. They found that the exergy efficiency of
the unglazed one was improved. Jin et al. [31] investigated the effect of adding rectangular tunnel
absorber on the efficiency of a single pass solar collector system. Also, they tested different mass
flow rates to observe the changes in the performance.

Bambrook and Sproul [7] evaluated the performance of an unglazed air PV/T system
experimentally. They noted that using large ducts reduce the pressure drop and fan consumption
power. Agrawal and Tiwari [32] carried out a comparative analysis of three types of air PV/Ts.
They observed that the overall annual thermal energy and exergy gain of unglazed hybrid PV/T
tiles was greater than others. Ji et al. [33] made a new design of tri-functional PV/T system. This
model can be used with both air and water according to the needs of the seasonal and climatic
conditions. The results indicate that in the air mode with the air mass flow rate of 0.04 (kg/s) leads
in average electrical and thermal efficiencies of 10.2% and 46%, respectively. Kim et al. [34]
studied an unglazed air PV/T system consisting of a mono-crystalline PV module experimentally.
The average thermal and electrical efficiencies of the mentioned system had been achieved by 22%
and 15 %, respectively.

The present paper aims to investigate the effects of forced convection created by four fans on the
performance of an air-cooled PV/T system in the weather conditions of Tehran, Iran. The

experiments are conducted for different values of air mass flow rates and depth of channel.

Description of the system

The photograph and a schematic picture of proposed experimental setup which is an air PV/T
system with single pass channel are shown in Fig.1. The electrical section consists of two
monocrystalline PV modules in a dimension of 1053 x 554(mm), made by Aria Solar Co. in
Iran. The PV panels are connected in series configuration. The electrical properties of PV panels
given by the manufacturer are shown in Table 1. A steel plate with the dimensions of
2000x500%x3 (mm) was used as the thermal absorber and attached to the panels by aluminum
oxide paste with thickness of 3 (mm). One of the advantages of using steel beside aluminum oxide

paste is the reduction of cost. The thermal resistance of aluminum oxide paste and metal plate are

1.0909 x 10™* (%) and 6.3424 x 107° (%) , respectively. The air channel walls were made of



Plexiglas with a thickness of 4 (mm). By using some small pieces of Plexiglas holders on the
channel walls, the channel depth could be set in three amounts of 5, 10 and 15 cm, according to
Fig. 2. For testing each depth, the channel bottom plate was set on the desired depth. Then, the
channel is sealed to prevent the air leakage. During the tests, the PV/T system is tilted-in the
latitude of Tehran towards the south. In the forced convection mode, the mass flow rate of air in
the duct could be adjusted with four DATECH 1238-12HBIA- fans whose rated voltage and
current are 12(v) and 1.5(A), respectively. The velocity of the air passing through the channel can
be set in a range of 0.5 (m/s) to 2.5 (m/s) by changing the voltage of the fans. In fact, the speed
and power of fans were controlled by changing the input voltage. By setting the fan speeds in four
different amounts from 0.5 (m/s) to 2 (m/s) and three different channel depths, the air mass flow
rate can be varied from 0.018 to 0.154 (kg/s).

The global radiations are measured by using a Hukseflux type-SR12 pyranometer. The
pyranometer must be located parallel to the PV surface. Hotwire anemometer YK-2004AH was
used to record the air flow velocity in the channel. The wind speed is recorded by the AM-4220
anemometer. The temperature of the panels™ back surface was measured by thermocouples type-K
and read by thermometer type TM-946. Fifteen SMT160 sensors were used to measure the
temperatures. Seven of them measure the temperature of the absorber plate and five of them
measure the temperature of the top surface of the panels. Three SMT160 sensors measured the
temperatures of the inlet-air, outlet air and ambient. All the sensors and the pyranometer were
connected to a data logger. Two multimeters of type VICTOR VC97 were used to report the
electrical data values (current, voltage of PV panels and fan power). Also, a variable resistance of
50 () was utilized to calculate the maximum power produced by the PV panels. The range of

measurement and the accuracy of the experimental monitoring equipment are outlined in Table 2.

Experimental procedure

Outdoor experiments were carried out in the campus of the University of Tehran. The data were
collected on the sunny days of August and September 2013 from 9:00 to 17:00 in Tehran. The
latitude and longitude of Tehran are 35° 41" N and 51° 25 ' E, respectively. In Table 3, the
performance of the air PV/T system was considered with the channel depth of 5 (cm), tilt angle of
35° and mass flow rate of 0.06 (kg/s). The solar intensity and the temperatures of the ambient, the
inlet air, the outlet air were recorded and monitored. The average temperature of absorber plate,
the back surface of the panel and the top surface of the panel is also measured. Beside the obtained
results of thermal section, the electrical data such as the short circuit current, the open circuit

voltage and the current and voltage in the maximum power were recorded and reported in Table 3.



4. Calculations
In order to focus on the performance of the PV/T system, two important parameters are introduced:
thermal efficiency and electrical efficiency.

4.1. Electrical efficiency

The mathematical relation for calculation of electrical efficiency from measured test data is
presented in Eq.(1) [2, 24, 29-31, 34-36]. All parameters involved in this equation were measured
in current experiment. The maximum output power is obtained by multiplying the corresponding
values of current and voltage as can be seen in Eq.(2).

P, 1
Net = A—Pvmi =% 100 @
Prp = Imp X Vinp (2)

The current and voltage is measured by a multimeter, utilizing variable resistances (loads) and 1-V

characteristic curve.

4.2. Thermal efficiency

The thermal efficiency expression is calculated from measured test data as follows [2, 23, 24, 29-
31, 33-35]:

_ mcp (Tout 4 Tin) (3)
Teh =A% G

where mh.and C, are the mass flow rate and specific heat capacity of the coolant, Ti, and Tyt are the

coolant temperatures at the inlet and outlet, respectively. A is the collector aperture area and G is
the incident solar irradiance normal to surface. The mass flow rate can be calculated by:
m = pV, A, (4)

Agis the cross section area of channel, V, is the velocity of fluid in the channel and p is the fluid

density passing the channel.

4.3. Overall efficiency

The overall efficiency of the system is calculated with the following equation[2, 27, 33, 36]:



Ui
Nov = Ntn + n_el (5)
cp

where the electrical efficiency is converted to an equivalent of thermal efficiency using electric
power generation efficiency, 7, for a conventional power plant. The value of .,, depends on the
power plant efficiency. Also, the value of n.,varies between 0.30 and 0.40 in the literature. It is

taken to be 0.40 in this experiment.

5. Results and discussion
The climatic conditions including solar irradiance and ambient temperature on 10" September
2013 are represented in Fig.3. In this figure, the daily variations of solar intensity from 9:00 to
17:00 are shown for the setup tilt angle of 35°. The value of solar intensity at noon, between 12:15
to 14:15 has been slightly changed, while in the early or late hours, it varies dramatically. The
maximum value of solar intensity was between 980 (W/m?) and 1027 (W/m?). The ambient
temperature changed between 32 (°C) to 38 (°C) during the day. The thermal and electrical

performances of the system on this day are illustrated in Figs. 4 to 8.

In Fig.4 temperature variations of inlet and outlet air of channel are indicated. Also, the average
temperature of absorber plate, the back surface of PV panel and the top surface of PV panel are
shown in this figure. Some part of absorbed solar irradiance is converted into electricity and the
rest part is conducted to-absorber plate and finally transferred to air passing channel. There is also
a significant heat loss due to the radiation and convection heat transfer from the top surface of
panels. The back surface of the panel has the maximum value of temperature among the mentioned

parts. This value would even reach up to 62 (°C).

The temperatures of inlet air and outlet air in the channel rise during the day. As the value of solar
intensity rises in middle hours of the day, the temperature difference between inlet and outlet air in
the channel also increases. The temperature of the absorber plate in the midday hours reaches to 56
(°C).

In Fig.5, the thermal efficiency of the system during a day is reported. As solar intensity increases
at noon, in constant mass flow rate, the temperature difference between the air inlet and the air
outlet the channel grows; consequently, the thermal efficiency values increase. The daily thermal

efficiency on average is about 31%.

The daily variations of open circuit voltage, short circuit current, voltage and current in the

maximum power point are illustrated in Figs. 6 and 7. The currents are significantly affected by



solar irradiance; so that by increasing the solar intensity, the currents grow at noon. Obviously, the
currents are reduced in the afternoons when the solar radiation values fall. Unlike the currents, the
voltages are in the maximum values in the early and late hours of a day. By increasing the
temperature of the panel in the middle hours of a day, the values of voltages decrease.

The 1-V characteristic curves for the hours 9:30, 13:15 and 16:30 are plotted in Fig.8. As the solar
irradiance is reduced, the current of panel decreases.

The variation of the maximum power generation of photovoltaic panels versus time is shown in
Fig. 9. According to Fig.8, each point in this curve is obtained by a change in variable resistance in
the circuit for reaching the maximum electrical power output. The maximum electrical power
output occurred at 13:15. The electrical efficiency of the system during the day is represented in
Fig. 9 as well.

The thermal efficiency of the PV/T collectors was conventionally calculated as a function of the
reduced temperature, which is defined as[2, 24, 34]:

T* = A_T — Tin—Tamp (6)

G G

The thermal efficiency, n, is expressed as:
AT
Nen =10 — (%) ()
Where 1 is the thermal efficiency at zero reduced temperature, and o is the heat loss coefficient.
Fig.10 illustrates the thermal efficiency with reduced temperature from the measured test data of

the PV/T system. Fig.10 shows the data of the thermal efficiency at the time interval in which the

collector is at or-near normal incidence conditions.
The thermal efficiency of the air PV/T system can be represented by the following correlation:
N =.0.3357 — 19.61 (AT/G).

The collector thermal efficiency at zero reduced temperature is 33% while the overall heat loss
coefficient is 19.61 (W/m’K).

Then, the effect of the channel depth and the air mass flow rate are checked. The air mass flow rate
can be varied in four different fan speeds from 0.5 (m/s) to 2 (m/s). In the Fig.11, the electrical,
thermal and overall efficiencies are indicated for channel depth of 5 (cm) in different mass flow
rate values. These results were obtained at the noon. In a constant depth of the channel, as the
speed of the air passing through the channel and subsequently, Reynolds number increases, the
flow regime changes from laminar to turbulent. This change will result in a remarkable

improvement of convention heat transfer; therefore, the amount of the heat absorbed by the fluid



increases. Finally, the thermal efficiency grows significantly with increasing the air mass flow rate
in constant channel depth. By increasing the mass flow rate in the range of 0.018 to 0.06 (kg/s) and
Reynolds number in the range of 3100 t0o10500, the overall efficiency grows to 45% and 61%,

respectively.

In Fig.12, the variations of electrical efficiency versus air mass flow rate in different channel
depths are shown. As mentioned before, the velocity of the air flowing in the channel can be set in
the range of 0.5 (m/s) to 2.5 (m/s) by changing the voltage of the fans. Therefore, in three different
channel depth of 5,10 and 15 (cm), the air mass flow rate is obtained in-range of 0.018 to 0.154
(kg/s). The change in the channel depth does not have a notable effect on the electrical efficiency.
However, decreasing the channel depth increases the thermal efficiency. In constant mass flow
rates, the larger channel depth causes the bigger cross sectional area. Consequently, the velocity of
the air passing the channel decreases and the convection heat transfer coefficient will be reduced.
This will cause reducing the channel outlet air temperature. Thus, as it can be seen in Fig.13, the
increase in the channel depth will result in thermal efficiency drop. With the mass flow rate of 0.06
(kg/s), by reducing the channel depth from 15 to 5 (cm), the increase in the thermal efficiency

would be 50% while a slight excess is observed for the electrical efficiency.

The most appropriate value for thermal efficiency in the channel depth of 5 (cm) and mass flow
rate of 0.06 (kg/s) is about 31%. This value of efficiency was obtained by 19.25 (W) electrical

power consumed by the fan.

The variations of the overall efficiency versus air mass flow rate are shown in Fig. 14. As it can be
observed, the overall efficiency is further affected by the thermal efficiency rather than the
electrical efficiency. Increasing of mass flow rate in the mentioned range causes 36% enhancement
of the overall efficiency. Also, by decreasing the channel depth from 0.15 to 0.05 (m), an

increment of 20% is obtained for the overall efficiency.

It is useful to compare the results of this study with the previous experimental or theoretical works.
Joshi et al. [27] reported thermal and electrical efficiencies in the range of 13.4%-16.5% and 9.5%-
11%, respectively. The glass-to-tedlar unglazed air PV/T system studied by Joshi et al. didn’t have
absorber plate. Air with a mass flow rate of 0.05 (kg/s) flows directly beneath the PV panel in a
duct with a depth of 0.05 (m). Sarhaddi et al. [36] studied an unglazed air PV/T system without
absorber plate with 0.05 (m) channel depth. They achieved 25% thermal efficiency and 10%
electrical efficiency using the mass flow rate of 0.06 (kg/s). In the other experimental research, an
unglazed air PV/T system with the air channel depth of 0.06 (m) and without absorber plate was

studied by Kim et al. [34]. They indicated an average thermal and electrical efficiency of 22% and
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15%, respectively. The results of this study show that with a low-cost absorber plate, a higher
thermal efficiency can be achieved. Tonui and Tripanagnostopoulos [23] evaluated an unglazed air
PV/T system with an aluminum air channel of 0.15 (m) in depth. The thermal and electrical
efficiencies were reported as 18% and 12% with the mass flow rates of 0.05 (kg/s.m?). All the
systems mentioned above were the unglazed types of PV/Ts. The glazed ones with a glass cover
have more thermal efficiency. The single channel glazed air PV/T system studied by Amori and
Abd-AlRaheem [35] had a copper absorber plate and an air channel with 0.24 (m) depth. At the

midday, the thermal and electrical efficiencies were obtained as 50% and 10%, respectively.

The values obtained for the electrical output in Fig. 11 are shown without considering the amount
of the fan power. The amounts of heat and electrical power produced by the PV/T system are
compared with the fan power requirement for different mass flow rates in Fig. 15. The diagram is
plotted for the channel depth of 5 (cm). The trend is same as the other channel depths. By
increasing the air flow rate, the power consumption of fans increases. Increasing the mass flow rate
improves the thermal power, cooling of PV panels and produces more power of photovoltaic
panels compared to free convection. On the other hand, the electrical energy consumption by fan
reduces the electrical efficiency. Increasing the mass flow rate causes enhancement of the fan
power consumption from 1.5 (W) to 19.25 (W) and thermal energy from 167 (W) to 320 (W),
while the electrical power is not changed noticeably. By considering the electrical energy
consumption of the fan in the calculations of electrical efficiency, the electrical efficiency
somehow decreases with increasing the mass flow rate. |But the point is that the increase in the
thermal gain is much more than the decrease of electrical efficiency, the gained heat completely
compensates the electrical consumption. The obtained extra heat could be consumed in the heating
processes such as space heating. Also, the Electrical efficiency in the case of considering the
electrical energy consumption of the fan for various mass flow rates is indicated in Fig. 16. As

shown-in the Fig. 16., the lowest mass flow rate has the highest electrical efficiency.

So, the maximum electrical efficiency can be achieved by the optimal amount of air flow rate. In
continue, the optimum mass flow can be determined by simulation and optimization of the system.
The fans in this air PV/T system are connected to the duct of PV panel. It should be noted that,

with proper hydraulic design, the pressure drop and the input electrical energy can be reduced.

Conclusion
This paper deals with implementing an experimental procedure to evaluate the performance

of a hybrid PV/T collector system for the insolation and weather condition of Tehran. In this
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case, the attempt is to enhance the performance of the air-cooled PV/T by manufacturing a
low-cost prototype. Therefore, the steel absorber plate is applied, and aluminum oxide paste
is used for sticking the plate to PV panels. The effect of parameters including air mass flow
rate and depth of the channel were tested. The following results were obtained:

The daily thermal and electrical efficiencies reached 35% and 12.2%, respectively. These
efficiencies have been achieved for the channel depth of 0.05 (m) and air mass flow rate of
0.06 (kg/s). The change in the channel depth does not have a significant effect on the
electrical efficiency. However, decreasing the channel depth increases the thermal efficiency.
Variation of the channel depth from 0.15 to 0.05 (m) causes 20% increment of the overall
efficiency. The thermal and electrical efficiencies improve with increasing air mass flow rate.
In fact, changing the mass flow rate from 0.018 (kg/s) to 0.06 (kg/s) resulted in variation of
the average thermal and electrical efficiency in the range of 15%-31% and 12%-24%,

respectively.
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Table 1. Properties of the PV panels

Peak power Prnax [Wp]
Max. power current lmp [A]
Max. power voltage Vinp [V]
Short circuit current lsc [A]
Open circuit voltage Voc [V]
Temperature coefficient for Pmay [%/°C]
Temperature coefficient for Voc [%/°C]
Temperature coefficient for Isc [%/°C]
Max system voltage [V]

5.47
16.45
5.55
20.2
-0.46
-0.356
+0.024
1000

Table 2. Properties.of the monitoring equipment

Equipment Range Accuracy
Pyranometer 0 to 2000 Wm™ +5%
Hot wire anemometer 0.2 t0 20.0 m/s +5%
Cup anemometer 0.9 to 35.0 m/s + 2%
Thermometer (type K) -199.91t0 999.9 °C +0.5%
SMT 160 sensor —4510 150 °C +0.7°C
Multimeter DC voltage 400mV/4V/40V/400V/1000V +0.5%
Multimeter DC current 400pA/4AmA/40mA/400mA/1I0A +0.8%
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Table 3. The measured parameters (in channel depth of 5 (cm), tilt angle of 35° and mass

flow rate of 0.06 (kg/s))

Time Ta Vw Tin Tout TtopPV Tabs Tbs |sc Voc Imp Vmp G )

C) | (ms) | (°C) | (°C) 4 OO A M| A | V| Wm
9:00 | 33.00 | 0.9 34.27 | 36.70 38.18 39.98 | 44.10 | 3.19 | 36.62 | 2.21 | 33.56 | 512.55
9:30 | 32.91 2.0 34.27 | 37.07 39.42 41.64 | 4550 | 3.56 | 36.46 | 2.67 | 31.44 | 596.69
10:00 | 3355 | 2.0 34.39 | 37.91 40.62 44.00 | 47.04 | 3.76 | 36.30 | 3.20 | 32.49 | 702.68
10:15 | 34.12 2.5 34.92 | 38.47 42.67 45.33 | 48.80 | 3.96 | 36.08 | 3.27 | 33.02 | 747.53
10:45 | 34.58 2.5 35.79 | 40.19 45.20 48.56 | 53.08 | 4.14 | 35.86 | 3.68 | 31.66 | 835.55
11:15 | 3499 | 25 35.57 | 40.85 47.09 50.98 | 56.69 | 4.57 | 35.42 | 3.81 | 31.67 | 903.80
11:45 | 34.55 3.3 34.93 | 40.16 46.90 50.47 | 56.08 | 5.04 | 35.70 | 3.95 | 32.16 | 962.23
12:15 | 34.50 3.0 35.29 | 40.78 47.91 51.31 | 56.70 | 5.24 | 35.52 | 4.23 | 31.46 | 1008.48
12:45 | 35.17 2.5 35.30 | 41.07 49.10 53.18 | 57.89 | 5.3 | 3530 | 4.44 | 30.53 | 1015.43
13:15 | 35.81 3.5 35.97 | 42.06 51.43 54.43 | 59.30 | 5.26 | 35.60 | 4.48 | 30.50 | 1016.11
13:45 | 36.66 2.4 36.55 | 42.91 53.57 55.80 | 60.76 | 5.23 | 35.40 | 4.45 | 30.38 | 1005.12
14:00 | 36.79 2.4 36.99 | 43.09 51.96 56.13 | 61.50 | 5.09 | 35.30 | 4.41 | 30.34 | 978.54
14:30 | 36.73 3.5 36.81 | 42.57 51.71 54.27 | 60.82 | 462 | 35.26 | 4.12 | 30.82 | 936.41
15:00 | 36.85 3.5 37.25 | 42.79 49.53 53.90 | 58.98 | 4.37 | 3544 | 3.94 | 31.66 | 884.09
15:30 | 37.85 2.3 37.92 | 42.55 49.30 51.67 | 56.50 | 3.95 | 35.34 | 3.66 | 31.25 | 803.92
16:00 | 37.48 2.1 38.04 | 41.74 47.41 50.51 | 54.68 | 3.57 | 35.60 | 3.21 | 32.33 | 708.80
16:30 | 37.09 2.1 37.88 | 41.23 44.43 46.74 | 52.58 | 3.18 | 35.88 | 2.66 | 32.74 | 615.72
17:00 | 37.45 2.3 38.20 | 40.95 42.65 44,49 | 48.64 | 295 | 35.80 | 2.38 | 32.29 | 535.16
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Fig. 1. (a) A photograph of experimental setup of hybrid PV/T air collector (b) A schematic of
experimental setup
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Photovoltaic Panel Absorber Plate Channel Bottom Plates

Plexiglas Holder

5 (cm)

Plexiglas Walls 10 (cm)
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Fig. 2. Channel depth adjustment positions in the set up
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Highlights
A photovoltaic thermal system (PV/T) is a combination of solar cells and solar heating systems .
The paper investigates the effects of forced convection on the thermal and electrical efficiencies of
a PV/T system.
The reduction in the depth of channel increases the thermal efficiency, but no effect on the
electrical efficiency.
With increasing the Reynolds number , the thermal efficiency is increased,
The thermal efficiency of system is in the range of 15-31% while the electrical efficiency changes
in the range of 12-12.4%.



