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Abstract
In the present study, a flat plate solar air collector is used for research purposes. The absorber of solar collector made
by steel plate with an area of 2x1m? and thickness of 0.5mm in the form of window shade has been developed for
increasing the air contact area. The surface of absorbent plate was covered by black paint. To insulate the collector,
the glass wool with the thickness of 5cm was used. The experiments on the efficiency were conducted for a week
during which the atmospheric conditions were almost uniform and data was collected from the collector. The results of
the collector efficiency in the natural and forced convection were evaluated and their graphs were plotted. The results
showed that the collector efficiency in forced convection was lower, but the low temperature difference between inlet
and outlet of the collector decreased its heat loss. In addition, the average air speed in forced convection was about

21% higher than the natural convection.
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Introduction
The sun is the most powerful heat generator with

which neither of the heat sources created by mankind can

compete. Annually, the solar energy obtained by earth is

15000 as much as the power industry of the whole world

can produce. It means that only a tiny part of solar energy

is used for the sake of mankind (Aboltinset a/., 2009).
Solar collectors are the key component of active

solar-heating systems. They gather the sun's energy,

transform it's radiation into heat, and then transfer that
heat into a fluid (usually water or air). The solar thermal
energy can be used in solar water-heating systems, solar
pool heaters, and solar space-heating systems. There are

a large number of solar collector designs that have turned

out to be functional. These designs are classified in two

general types of solar collectors (Struckmann, 2008).

e Flat-plate collectors - the absorbing surface is
approximately as large as the overall collector area
that intercepts the sun's rays.

e Concentrating collectors - large areas of mirrors or
lenses focus the sunlight onto a smaller absorber.
Flat-plate collectors are the most common solar
collector for solar water-heating systems in houses
and solar-heating spaces. A typical flat-plate collector
is an insulated metal box with a glass or plastic cover
(called the glazing) and a dark-colored absorber

plate. These collectors heat liquid or air at
temperatures less than 353.15 oK (Struckmann,
2008).

Flat plate solar collectors are classified into (Rhushi
Prasad et al., 2010)
o Water-type (hydronic) collectors - using water as the
heat-transfer fluid, and
e Air-type collectors - using air as the heat-transfer
fluid.
The sun as the alternative energy source is
progressively used in the national economics. One of the
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simplest practical applications of the sun is the air-heating
collector which is simple to make, cheap to exploit,
ecologically friendly and widely used, particularly in
agricultural production drying (Aboltinset a/.,, 2009).

Solar air collectors are simple deviceswhich heat air
by utilizing solar energy and which are employed in many
applications requiring low to moderate temperatures
below 333.15°K; such as crop drying and space heating.
The principal types of these collectors are: the single
passes with front duct, rear duct, double duct and double
pass (Forsonet al., 2003).

The main drawback of flat plate absorber air
collectors is the low heat transfer coefficient which results
in lower thermal efficiency. If the area available for heat
transfer is not greater than the projected area of the
absorber, the absorber becomes unnecessarily hot which
in turn leads to higher heat loss (El-Sawiet a/., 2010;
Yeh& Lin, 1996).

The efficiency of the solar collector depends on the
collector covered material; absorber and it's place in the
collector and air velocity in the collector (Lauvaet al,
2006; Palabinskiset al, 2008). The main efficiency
parameter of a solar collector is the air heating degree
chosen as the criterion of efficiency in this study
(Aboltinset al., 2009).

Certainly, the air temperature growth in the collector
depends on the climatic conditions (wind, clouds, ambient
air temperature etc.), covered and absorber materials of
the collector and it's cleaning (Aboltinset a/., 2009).

The evaluation of the thermal performance of solar air
collectors is crucial for the proper design and sizing of the
collector for a given application (El-Sawiet a/, 2010;
Karim&Hawlader, 2006).

The research work of air solar collectors started more
than ten years ago at the Latvian Agricultural University
by prof. E. Berzins (BerzinSet al, 1998). The
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investigations are directed at grain drying with solar
collector heating air.

The term diathermanous is applied to materials
capable of transmitting radiant energy, including solar
energy. From the standpoint of the utilization of solar
energy, the important characteristics are reflection,
absorption, and transmission. The first two should be as
low as possible and the latter as high as possible for
maximum efficiency. According to the law of conservation
of energy, the relationship between the absorbed,
reflected and transmitted energy is:
a+p+t=1 (1)
where, a is the solar absorptance, i.e. the fraction of the
incident solar radiation absorbed by a substance; p is the
solar reflectance, i.e. the fraction of the incident solar
radiation reflected by a surface; T is the solar
transmittance, i.e. the fraction of the incident solar
radiation transmitted through a non-opaque substance
(Rhushiprasadet a/,, 2010).

A parametric study on the thermal performance of a
solar air collector with a v-groove absorber has been
investigated by Liu ef a/. (2007a). The results show that
the v-groove collector has a considerably superior
thermal performance to the flat-plate collector. Also, in Liu
et al. (2007b) the thermal performance of cross-
corrugated and v-groove solar air collectors has been
compared under a wide range of configuration and
operating conditions. It is found that cross-corrugated
collectors are superior to v-groove ones for all the
configurations and operating conditions considered,
confirming that the use of the transversely positioned
wavelike bottom plate, in cross-corrugated collectors
improves the thermal performance.

The integrated solar collector is considered to be a
promising direction for increasing the
economic feasibility of low-temperature
solar systems for heating water in
domestic and industrial applications by
Chen et al. (2010). The results indicated

that the heat transfer ability is
significantly improved by using paraffin
with  aluminum foams and the
temperature difference between the A i
frame and liquid paraffin cannot be charmel (2)

ignored during the melting/solidifying
process. Luoet al (2010) theoretically
studied the optimum heat source
temperature for maximizing solar cooling
coefficient of performance (COP) of a
novel solar adsorption air-conditioning
system (SAACS). The simulation results
reveal that the solar cooling COP of the
SAACS with evacuated tube collector
can exceed 0.25 with optimum heat
source temperature. Ghaliet al. (2011)
model and optimize the operation of a
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combined air conditioning unit and solar distiller still to
enhance distillate output and system performance to
meet a specified cooling load and fresh water needs of a
residential application.

Many researchers have studied collector and
performance analysis to determine the system application
such as Asaadet a/. (2005) on heat pipe and direct heat
exchange solar louvre collectors, Riffatet a/. (2005) on
hybrid heat-pipe solar collector, Yutong& Yang (2010) on
open-cycle solar collector/regenerator using liquid
desiccant, Yang et a/. (2009) on solar collector oscillating-
flow heat pipe, MohseniLanguriet a/. (2011) on double-
pass solar air heater, Mohanrajet al. (2008, 2010) on
direct expansion solar assisted heat pump, Grena (2011)
on solar trough collector, Al-Nimret al (2011) on
integrated direct absorption self-storage solar collector.

The main objective of the present study is to
investigate the application of window shade as thermal
absorber plate in solar air collectors. This paper provides
a description on the design and construction of a solar air
collector and computes it's efficiency experimentally. This
study helps to improve the efficiency ofsolar air collectors.
Materials and methods
Experimental setup

To carry out the experimental analysis, an active
collector was used with the size of 2x1x0.15m. The wall
of the collector is made from iron profile insulated by
glass wool with the thickness of 5cm. The absorber plate
is made from steel with the thickness of 0.5mmpainting
the black and the sleek glass with a thickness of 4
mmused as a screen transparent collector cover. In order
to decrease heat loss through the absorber plate, it was
insulated underneath by glass wool with 5cm thickness.
To increase the contact surface of the absorber plate with

Figure 1. Schematic cross section of collector
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Table 1.The average values of calculation and measuring parameters in natural

hot a.",r where  flow |n_ the convection. The surface area of the collector = 2 nf
collector, it's surface was designed
in venetian form as it is illustrated in local m G AT 1y Quser Q fcottector
Figure 1. Air flow simultaneously time | (Kg/s) (JKg=K) (K)  (wmd (W) (W (%)
occurred through the channel 1 89  0.013 1003  29.25 9495 38139 1899  20.1
(under the absorber plate) and the 9-10 | 0.016 1003  32.65 10329 52397 2065.8 25.4
channel 2 (over the absorber plate). 10-11 | 0.020 1003 | 37.33 1108.9 @ 748.84 22178 3338

Three temperature sensors | 11-12  0.023 1003 43.39 1184.4 1000.96 2368.8 42.2
(LM35) were installed with a 12-13 | 0.028 1003 | 44.41 1200.8 1247.21 24016 51.9
specific distance from each other in 13-14  0.033 1003 45.01 1147.8 1489.78 22956 64.9
the outlet of collector. The 14-15 | 0.030 1003  44.68 1097.2 1344.42 21944 61.3
temperature was measured four {516 = 0.027 1003 | 4262  1017.3 115419 20346 56.7
timesand it's average values was  16.17 = 0.024 1003 | 40.33 9184  970.82 1836.8 52.8
calculated in one hour. Moreover, a2 17.48 | 0.020 1003 | 38.38 830.4 769.90 1660.8 46.3
temperature sensor was used to 18-19  0.017 1003 | 34.92 6721 | 59542 13442 443
measure the inlet temperature inthe 1959 0015 1003  33.34 5895 501.60 1179 = 425

entrance of the collector.The
collector was positioned in the 29.5
degrees latitude in north-to-south
direction in an open area. The tests
with the solar collector system were 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). The collector was
studied according to the natural and forced convection.

The experiments on the efficiency were conducted for
a week during which the atmospheric conditions were
almost uniform and data was collected from the collector.
Study was performed in a time period in which the
weather was clear were the case study was carried out.
Also, the data of radiant energy and air speed collected
had shown no significant differences in those days.
Collector with natural convection

In this case, the collector was evaluated without
usingfan and it's average efficiency was recorded at
different hours.
Collector with forced convection

In this case, a fan with a speed control system was
designed and located on a board to stabilize the outlet
temperature of the collector at the desired temperature
ranges. Moreover, a small monitor was used to show the

The values of Cyhave extracted from the thermodynamic tables

(Malekzadeh&KashaniHesar, 2004)

Quseful = 7’;’1 Cp (Tout - T;'n) (3)
m=pSV (4
0= Iﬂ‘Ac (3)

where Quseru IS the useful collected energy by the
collector (W) and Q is the solar energy arrived on the
surface of the collector (), m is the rate of air mass flow
(Kg/s), Cp is the specific heat capacity of the air at
constant pressure (J/Kg.°K), 1,,—1T, is the difference
between the inlet and outlet air temperature (<A), o is the
air density (Kg/m3), S is the area of outlet duct (n72), Vis
the speed of outlet air (/m/s)which was measured by a
speed meter type of hot wire 20004 AHYK with the
precision of 0.1 m/s, Iﬂ is the solar radiation on every
square meter of the collector (W/m) which was

measured by a TES 1333 solar meter with accuracy * 10
W/mz(or +5%) and resolution 0.1 Winfand A, is the

collector inlet and outlet temperatures. The Table 2. The average values of calculation and measuring parameters
required energy for the operation of the in forced convection. The surface area of the collector =2
components of the controller circuit was provided local m G AT I Qusers Q Dcolector
thr%ugh two solar panels with the size of 20x15 time | (Kg/s) | (JKg.°K) @ (°K) (W) (W (W (%)
cm” and they each had a 5 IV power.Voltage, g4 (015 1003 166 9495 2497 1899 = 13.1
amperage and power the fan were 121, 0.484 949 018 1003 154 1032.9 278 20658 135
and 5.76 Wrespectively. 10-11  0.024 1003 132 1108.9 | 317.8 2217.8 143
Efficiency calculation 11-12 0.031 1003 13.1 1184.4 407.3 23688 17.1
Thermal efficiency of solar collector systems 12-13 | 0.033 1003 12 | 1200.8 | 397.2 2401.6 16.5
is defined as the ratio of useful energy gain by the 13-14 | 0.04 1003 12.2 | 1147.8 | 489.5 | 22956  21.3
air to solar radiation incident on the absorber of 14-15 | 0.035 1003 11.7 1 1097.2  410.7 21944 18.7
solar collector (Hematianet al., 2012; 15-16 | 0.03 1003 13 1017.3 | 391.2 | 2034.6 19.2
Kurtbash&Durmush, 2004) 16-17  0.029 1003 | 14 9184 407.2 18368 22.2
17-18 | 0.025 1003 14.8 8304 @ 371.1 | 1660.8 22.3
. Quseful %100 18-19 @ 0.022 1003 17 672.1 375.1 | 1344.2 27.9
= —Q (2) 19-20  0.019 | 1003 17 5895 3239 1179 275
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surface of the solar collector (7). The efficiency (77 ), in
the solar air collector is dependent on the air heating
degree (AT), solar radiation (1,), rate of air mass flow

(m), type and place of absorbers.

Result and discussion

Determining collector efficiency in natural convection
Table 1, shows the rate of air mass flow (m), the

specific heat capacity of the air at constant pressure (C,),

the temperature difference between the inlet and outlet

air (AT), the solar radiation per square meter ([ﬁ), the

Figure 2. The average efficiency of the collector in natural
convection
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value of useful energy of the collector (Qusery) Which is
obtained from equation 3, the value of total energy of the
collector (Q) which is obtained from equation 5 and
collector efficiency which is obtained from equation 2, all
during the testing hours.

According to Table 1 and Figure2, the most collector
efficiency occurred atthe time of 13-14 in natural
convection. This reason can be explained by the
maximum air temperature difference between the inlet
and outlet of collector and also the higher rate of mass
flow. As it shown in Figure 2, because of the energy
storage by the absorber plate during a day, collector
efficiency in the finishing hours was more than the early
hours of a day.

Determining collector efficiency in forced convection

As it can be seen in Table 2 and Figure 3, in the tests
carried out in different testing days, the average efficiency
of the solar collector has an ascending tendency, and
only in some intervals, i.e., the times of 12-13, 14-15 and
19-20 there are descending streak in it. The streaks are
due tosudden changes inweather conditions and
cloudiness which affect the average inlet and outlet
temperatures and also cause a decrease in the
temperature difference between the inlet and outlet of
collector. By decreasing the outlet air temperature, the
speed of outlet air and consequently the rate of air mass
flow is reduced and as a result the efficiency is decreased
(Hematianet a/.,2012).

Outlet air temperature within the specified periods
and certain time interval was fixed at the innovative
design of control systems with forced convection. This
property is used in various applications including solar
dryer. It also caused heat loss reduction due to lower air
temperature difference between inside and outside of
collector. Considering the results of the collector outlet
temperature, it is higher in natural convection, but the
mass flow rate curve (Figure 4) showed that the average
air speed in forced convection was about 21% higher.
This case can be useful in the solar dryer for drying juicy
fruits slices. It can be explained by two points: first, the
relatively high speed is necessary for transporting water
vapour of fruits and second, they don't require high
temperatures. If the air temperature in the drying time is
high, a thin firm layer is formed on juicy fruits slices
surfaces. As a result, evaporation process and drying
operation become difficult.

In this research, the collector efficiency in both
natural and forced convection was calculated. According
to the results, it is concluded that collector efficiency in
case of natural convection was more than forced
convection, but it's heat loss is high due to the large
temperature difference between inside and outside of the
collector. The collector efficiency in forced convection
was lower, but the low temperature difference
betweeninside and outside of the collector decreased it's
heat loss. Based on the purpose of designing control
system for forced convection that stabilized the collector
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outlet temperature in specified ranges, temperature
difference between inlet and outlet of collector and
accordingly it's Qusery @nd efficiency decreased compared
to the natural convection. The flow of air was crossed
through shutters as considering the special design of this
absorber. This method provided larger surface area and
also could cause the output air warm faster.

Conclusions
In this paper, a solar collector has been designed and

developed. The collector was studied in both the natural
and forced convection. According to the above-mentioned
results, it has been found that the collector provided with
natural convection gave high efficiency when compared
to collector with the forced convection. However, the heat
loss in the forced convection is considerably lower than
the natural convection. Furthermore, the results showed
that the average air speed in the forced convection was
about 21% higher than the natural convection which is
important in solar dryers.
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