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Abstract

Solar energy is one of the renewable energy sources which can be received more by designing more accurate
systems. In this article a flat solar collector with the area of 2×1 m2 and thickness of 0.5 mm, made of steel iron
in the form of venetian blinds (in order to increase exposure to air) has been used. The surface of absorber plate
was black and for insulation of the body of the collector glass wool has been used with 5 cm thickness. One of
the essential problems of air solar collectors is that the temperature of the outlet air temperature from the
collector is variable during the day and their efficiency is low in the last hours of the day and also when the
weather suddenly gets cloudy. In this study, to keep constant the outlet air temperature from the collector
consistent in the desired limits, a control system is designed and constructed by applying photovoltaic cells, a
microcontroller (AVR) and temperature sensors (LM35). Three temperature sensors were installed in the outlet
of the collector. The experiment results showed that by automatic change of the fan's speed in the designed
system, the outlet temperature of the collector was obtained in the desired ranges which is an outstanding
advantage for various applications.
Keywords: Solar collectors, Photovoltaic cells, Control system, Temperature sensors
1. Introduction

Air collectors are generally used to heat or preheat the air. Design, material and construction methods for solar
air collectors have been developed gradually. The efficiency of air collectors is low, because air has low heat
capacity and low heat transfer coefficient. The most important advantage of air collectors is that they don't have
freezing and pressure problem which in total reduces the cost of the production and have no heat convertor to get
warm directly from the air (Parker, et al., 1993). To increase heat efficiency, the heat must be transferred to the
absorbers efficiently; therefore, to improve heat transfer and air moving through the various directions, many
designs have been done in the geometrical form of the absorber plate. Choundhury et al. (1988), in order to
simply change the absorber plate, suggested a big striped plate. Garg and et al. (1991) suggested an absorber
plate with fins joined to it. Henden and et al (2002) stated that the main hindrance in wide application of solar
heating systems is their high cost in comparison with common heating systems.
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Zomorodian and Woods (2003) constructed and tested a sample model from collectors with stepped coating and
pitted absorber plate. According to their reports the air which almost vertically is absorbed from the covering
layer to the absorber plate, causes the covered plate to cool down and the convection losses are reduced
considerably. Karim and Hawlader (2004) constructed and tested a sample model of collectors with flat plates
and finned plates. The results showed that the collectors with flat plates have low efficiency in comparison with
the collectors with finned plates and applying finned plates helped to increase the temperature up to 10 percent.
Mokhtari and Samar (1999) carried out an experimental study on the solar collectors in natural and forced flow
conditions. They demonstrated that in a natural convection, when the inlet air temperature is 25 ℃ the
temperature of the collector reaches to 75℃ and in the forced convection, when the inlet air temperature is 27℃,
in outlet it reaches to 53℃.
Nowadays the application of control systems in engineering and science has a pivotal role and is a factor to reach
for optimum efficiency in dynamic systems, increase in output and also facilitation of manual repetitive tasks
(Diyani, 2002). Fouler and Charters (1997) constructed an automatic control system of fan for solar tunnel
collectors. This system has been designed to decrease the amount of consumption power needed for the fan
through the change of its speed in accordance with the change in the conditions. By applying this method the
performance time of the fan decreased 67 percent in comparison with the continuous performing state. Naybrunt
(1985), by applying a controller, adjusted the temperature and humidity of the grains in a solar dryer efficiently.
The results of the experiments showed that by applying control systems the temperature can be precisely
adjusted. The purpose of this study is to create a mechanism in using solar energy for various applications. In
this study, the control system designed with using of photovoltaic cells and without AC power. This system kept
the outlet temperatures of collector in the determined ranges. Temperature stabilization in the outlet of collector
decreases the energy losses. In this research the management of energy consumption is important in two aspects:
the first is use of solar energy instead of fuel energy and the second is decreasing of heat losses in collectors.
2. Materials and Methods

2.1 The Applied Solar Collector
To carry out the performance tests an active collector was used with the size of 2×1×0.15 m. The wall of the
collector was from iron profile which was insulated by glass wool with the thickness of 5cm. The absorber plate
was from steel with the thickness of 0.5 mm which was painted black. In order to decrease heat loss through the
absorber plate it was insulated underneath by glass wool with 5cm thickness. The cover of the collector was a
transparent glass with 4 mm thickness. To increase the contact surface of the absorber plate with the hot air
inside the collector some ducts were designed and mounted on the absorber plate as it is illustrated in Figure 1.
To provide inlet air to the collector in a way that the outlet air is kept consistent in the desired ranges, a fan was
used which could turn with different speeds. The desired outlet temperatures which were intended for
programming the microcontroller included: 31 to 35, 36 to 40, 41 to 45, 46 to 50 and 51 to 55 . Air flow
simultaneously occurred through the channel 1 (under the absorber plate) and the channel 2 (over the absorber
plate). A microcontroller was used to provide the various rotations of the fan. The required energy for operation
the components of the controller circuit was provided through two solar panels with the size of 20×15 cm2 and
they each had a 5W power. Voltage, amperage and power the fan were 12V, 0.48A and 5.76W respectively. The
different components of the system under test are illustrated in Figure 2.
2.2 Designing a Control System and Carrying Out the Tests
To measure the temperature in the outlet of the collector three temperature sensors were used which were
installed with a specific distance from each other and a temperature sensor was used to measure the inlet
temperature in the entrance of the collector. The control circuit was located on a board and a small monitor was
used to show the inlet and outlet temperatures. The collector was positioned in the 29.5 degrees latitude in
north-to- south direction in an open area of the building No.2 faculty of agriculture of Tabriz University. The
tests with the above mentioned system was carried out for seven days, from 18 to 24 June 2011 and 12 hours per
day (from 8 a.m. to 8 p.m. local time). Throughout all hours of testing the amount of solar radiation was
measured by TES 1333 solar meter, the speed of the outlet air from the collector was measured by a speed meter
type of hot wire 20004 AHYK with the precision of 0.1m/s and speed of the fan was measured by infrared eyelet.
Figure 3, shows schematic of the control system and table 1 shows the average of the data in seven days of
testing.
2.3 Calculation of the Collector Temperature Efficiency
Due to better insulation and ability of more absorption of solar radiation, collectors show better performance.
These two parameters cause increscent of collector's performance. The heat loss from the top of the solar
Published by Canadian Center of Science and Education
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collector is high and from beneath and sides of it are the least (Bagheri, et al., 2010). Figure 4, shows schematic
solar radiation and different types of heat loss from a flat collector. The output of a solar collector is defined as
follows (Aydin, 2005; Kurtbash & Durmush, 2004):




Quseful

(1)

Q

Quseful  m C p (Tout  Tin )

(2)

Q  I  . Ac

(3)
In which Quseful is the useful collected energy by the collector (W) and Q is the solar energy arrived on the
surface of the collector (W), m is the rate of air mass flow (kg/s), C p is the specific heat capacity of the air at
constant pressure (J/kg.◦K), Tout  Tin is the difference between the inlet and outlet temperature (◦K), I  is the
solar radiating on every square meter of the collector (W/m2) which is measurable by a solar meter and Ac is the
surface of the solar collector (m2).
3. Result and Discussion

3.1 Evaluation of the Amount of Radiation
The average of solar radiation measured by solar meter and solar radiation received by collector are shown in
Figure 5. As it can seen in this figure, the amount of radiation in the early hours of the day and the finishing
hours of the day has the lowest value. But as it seen in the figure, the amount of radiation in the early hours is
more than the finishing hours of the day. The maximum radiation occurs between 12 to 13 o'clock, because at
interval the rays of the sun shine on the collector are vertically and therefore the amount of reflected rays is
minimum.
3.2 Temperature Variations, Fan Speed and the Velocity of the Outlet Air
Figure 6, shows the average of inlet and outlet temperatures of the collector during the testing days. According to
this figure, the received solar energy by the collector causes to increase the temperature of the absorber plate and
this increases the temperature of the passing air. As it is illustrated in Figures 5 and 6, the maximum received
radiation energy by the collector occurs between 12 to 13 o'clock, but the maximum temperature increase of the
collector occurs between 13 to 14 o'clock. This phenomenon can be explained in this way that due to the
thickness of absorber plate, it needs more time to increase in temperature. Soheili Mehdi-zadeh (2009), Nadi
(2006) and Bagheri et al. (2010) have come to the same conclusion in their studies.
The changes of the outlet air temperature from the collector in comparison with the changes of the inlet air
temperature are insignificant and its curve is less steep. This is because of the speed control of the fan and to
some extent due to the saving of the energy in the absorber plate. At low temperature the rotation and speed of
the fan slows down and air moves over the absorber plate with a lower speed and this increases the temperature.
As the outlet temperature increases, considering the set temperatures for the microcontroller, the rotation of the
fan increases and the speed of the air movement in the collector increases accordingly and this causes the outlet
air to be consistent in the desired ranges. Soheili Mehdi-zadeh et al. (2010) have reached to the same conclusion
in their studies.
Figures 7 and 8 show the average changes of the fan's rotation and the speed of the outlet air from the collector.
Speed and rotation have a direct relation to each other, thus; the trend of the curves is similar to each other.
According to the curves, the maximum average of the fan rotation and the speed of the outlet air occur since 13
until 14 o'clock, and considering this fact we can figure out the relation between these parameters and the outlet
air temperature, because as it is explained before the outlet temperature is maximum from 13 to 14 o'clock.
3.3 Determining Temperature Output of the Solar Collector


Table 2, shows the rate of air mass flow ( m ), the specific heat capacity of the air at constant pressure ( C p ), the
temperature difference between the inlet air and outlet one (ΔT), the solar radiation per square meter ( I  ), the
value of useful energy of the collector ( Quseful ) which is obtained from equation 2, the value of total energy of
the collector ( Q ) which is obtained from equation 3 and collector efficiency which is obtained from equation 1,
all during the testing hours.
As it can be seen in the Table 2 and the Figure 9, in the tests carried out in different days of testing, the average
efficiency of the solar collector has an ascending tendency, and only in some intervals, i.e., 12-13, 14-15 and
19-20 there is a descending streak in it which is due to sudden change of weather conditions and cloudiness
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which affected the average inlet and outlet temperatures and caused a decrease in the temperature difference
between the inlet and outlet temperatures. By decreasing of the outlet air temperature the speed of the outlet air
and consequently the rate of air mass flow was reduced and as a result the efficiency was decreased.
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Table 1. The average value of the data in the testing days. Average wind speed 5.3 m/s and average relative air
humidity 41.7%

Local time

The average
inlet air
temperature to
the collector
( )

The average
speed of the fan
(rpm)

℃

The average
outlet air
temperature
from the
collector ( )

The average
speed of outlet
air from the
collector (m/s)

The average of
radiation value
in A state
(W/m2)

The average of
radiation value
in B state
(W/m2)

8-9

21.6

38.2

487.7

0.42

1080.2

949.5

9-10

24

39.4

592.4

0.51

1108.1

1032.9

10-11

27.4

40.6

785.9

0.67

1208.4

1108.9

11-12

30.6

43.7

1006.9

0.86

1242

1184.4

12-13

32.6

44.6

1081.3

0.91

1264.9

1200.8

13-14

33.7

45.9

1223.3

1.1

1248.9

1147.8

14-15

33.1

44.8

1108.6

0.97

1209.3

1097.2

15-16

30.6

43.6

961.4

0.84

1119.4

1017.3

16-17

28.9

42.9

914

0.8

998.5

918.4

17-18

26.7

41.5

787

0.69

877.5

830.4

18-19

23.7

40.7

690

0.6

768.1

672.1

19-20

22.3

39.3

594.4

0.53

714.1

589.5

℃

A: In this state, the solar meter is positioned vertically to the sun's rays and tracking sun about 15 degrees in
every hour.
B: In this state the collector is positioned in 29.5 degrees and is exposed to sun's rays in a fixed position and the
solar meter in parallel with the collector measures sun's radiations.

Table 2. The average values of calculation and measuring parameters in the testing days. The area of the surface
of the collector = 2m2


local time

m

Cp

ΔT

I
2

Quseful

Q

ŋCollector

(kg/s)

(J/kg◦K)

(◦K)

(W/m )

(W)

(W)

(%)

8-9

0.015

1003

16.6

949.5

249.7

1899

13.1

9-10

0.018

1003

15.4

1032.9

278

2065.8

13.5

10-11

0.024

1003

13.2

1108.9

317.8

2217.8

14.3

11-12

0.031

1003

13.1

1184.4

407.3

2368.8

17.1

12-13

0.033

1003

12

1200.8

397.2

2401.6

16.5

13-14

0.04

1003

12.2

1147.8

489.5

2295.6

21.3

14-15

0.035

1003

11.7

1097.2

410.7

2194.4

18.7

15-16

0.03

1003

13

1017.3

391.2

2034.6

19.2

16-17

0.029

1003

14

918.4

407.2

1836.8

22.2

17-18

0.025

1003

14.8

830.4

371.1

1660.8

22.3

18-19

0.022

1003

17

672.1

375.1

1344.2

27.9

19-20

0.019

1003

17

589.5

323.9

1179

27.5

The values of Cp is extracted from the thermodynamic tables (Malekzadeh and Kashanihesar, 2004).
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Figure 1. Schematic cross section of collector

Figure 2. Solar collector equipped with a speed control for the fan with PV feeding source
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Figure 3. Schematic system for the speed of the fan

Figure 4. Schematic solar radiation and different kinds of heat losses in a flat air solar collector
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Figure 5. The average of sun radiation in the testing days

Figure 6. The average of variation of inlet and outlet temperatures as a function of time in the testing days

Figure 7. The average of changes in the fan's rotation as a function of time in the testing days
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Figure 8. The average of changes in the speed of outlet air as a function of time in the testing days

Figure 9.The average efficiency of the collector in the testing days
(In the programmed ranges of temperature for microcontroller)
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