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Abstract—Solar energy is clean and available, and its
use doesn't hurt the environment. Heating condiibn
homes and offices in wintertime deduct a large péthe
amount of fuel consumed for these purposes. Thefuse
solar radiation to heat the air proved its feasityiland
usefulness and is in the research and development
process and takes many forms. One of the primargsty

of solar air heaters is solar air heater of a trgasent
collector.

In this study, a transparent collector solar agdter was
designed and manufactured with an area of 1 m2. An
aluminum plate was used to be the heating sourtce; i
takes its heat from the solar radiation. The testsults
confirm the validity of this solar air heater typ&he
temperature of the heated air increased about 1Q%
the ambient air. The aluminum plate has proven ¢okw

as a source of heat.
Keywords—Air heater, solar
temperature, transparent collector

radiation, solar air

.  INTRODUCTION
Air and water heating is the primary consumer afrgg
in buildings in the cold country. Recent studiesulthe
disbursements of energy in housing in the UniteateSt
showed that heating consumes up to 42 % of theggner
while in commercial buildings it takes up to 36% P1.
Natural gas is the most widely used for heatinghe
whole United States as a fuel. However; some [ditise
country are using other types of fossil fuels swsh
heating oil and propane on a large scale [3]. Tasult
burning these types of fossil fuels is the enormous
emissions of the greenhouse. For example, in 2010,
fuel used to warm housing in the United States tenhit
the amount of 324 million metric tons of carbondi
emissions [4].
The heating and cooling using renewable energy (REH
have been described as the "Sleeping Giant" beaafuse
the enormous potential of renewable energy globalhe
use of solar energy, biomass, and geothermal ressur
currently available, cost-effective, and can reduxe
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significant portion of the carbon dioxide emissions
resulting from the burning of fossil fuel [5]. The
renewable heating techniques work in the same vgay a
traditional heating systems to a large extent, gixtieat it
uses renewable energy to generate heat insteagksif f
fuels such as natural gas and oil. The renewaldéirite
technologies can't replace the fossil fuels heatygjems
completely, but instead of using a conventionaltinga
system all the time, it can become a spare systerthé
renewable resources when heating it becomes not
sufficient to meet the heating needs. The heatystems
requirements depend on the size and complexityhef t
required air conditioned spaces [6].

It must be taken into consideration when desigring
heating system operates by renewable heating
technologies as it provides some heat intermityemtiile

the remaining part must be provided by fossil fuels
matter what time of day or season. The renewaldérie
technologies cannot always be a substitute foegigting
heating systems now, but it complements it. Theesfi

is economically desirable to design the renewabktihg
system to reduce fossil fuel disbursements. Alsas i
preferable to design it to be used for pre-hedtiegair to
minimize the size of the unit that operates on
conventional fuel, besides, to reduce the fuel conion
costs [7, 8].

Renewable heating technologies became widely used
worldwide, as flat panel and the solar collectorsow
work by vacuumed pipes. These techniques are geldjec
to developments, and its use depends on the ailigjlab
of sufficient space to install solar collectors.eTprimary
constraints that need to be researched and devefope
the solar heating technologies are the limits o th
working temperature (Fig. 1), and the availabiliby
sunlight according to time (as it is in the peakuga at
noon) compared to the need. As sometimes, the amoun
of collected heat gathers more heating energy than
required and causes excessive heating of the oomeiit
space [9]. Fig. 1 shows the heating applications
techniques and the expected temperature range dietht
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transfer fluid within the renewable heating systérhe
degree of fluid heat carrier is not necessarilydame as
the final temperature of the hot air, which evelyuanter
into the air conditioned space [10].

Another technique relies on directly air solar-posee
heating can be used, using a transparent collegfoar
the air passes through this collector and heateds i
forced to enter through the air ducts of the vatioh

system to the heat the desired space. The tramgsiar
collector can collect approximately about 60-70 P4he
solar energy that reaches the collector face, whiakes
this type of alternative heating techniques a \&ffgctive

in providing heat during the days with low tempares.
This method is suitable for housing, which has svall
facing south [11].
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Fig.1: The limits of the working temperature of #odar heating technologies

Another technique relies on directly air solar-posee
heating can be used, using a transparent collegftar
the air passes through this collector and heateds i
forced to enter through the air ducts of the vatith
system to the heat the desired space. The tramgsiar
collector can collect approximately about 60-70 P4he
solar energy that reaches the collector face, witiakes
this type of alternative heating techniques a \effgctive
in providing heat during the days with low temparas.
This method is suitable for housing, which has svall
facing south [11].

Fig. 2 represents a diagram of the air heatingrsola
collector [12]. The transparent solar air colleatontains
a metallic material dyed in non-shiny black col®his
collector fixes on a wall overlooking to the sosille of
the building. The fan withdraws the outside airotigh
holes in the solar collector wall and passes ithenmetal
plate where the air is heated to temperatures o6 4 to
55°C higher than the ambient air temperature depgnd
on the intensity of solar radiation and the timelay. The
air heating by transparent solar collector techgwlo
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remains an emerging technique in the field of solar
heating. It is expected that this type of techngpldg
become the best applications of hot air and veatilhe
interior spaces. This technique can also be ussdvaral
manufacturing industries and agriculture such awp cr
drying [13, 14].

Transpired Solar Collector
¢ oclrculatlon

Perforated absorber

Fig.2: A diagram of the air heating solar collector
Irag is located close to the Sunbelt. Thereforestmo
months of the year is hot in most of the regionse T
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winter months are two only in December and January. Qair = Mgy Cp,, - ATqir

Most of the houses in Iraq are heated using ligadefi Mm% = Pair-A.V

petroleum gas and kerosene, which vyields horrible \where:

emissions and cause high health risks. A- The inlet of the collector area= 0.2m

In this study, the aim is to test the transparesiairs V- Air velocity.

collector work in the winter of the Iraq capitattyciof As the air heater depends on solar radiation and
Baghdad conditions. The efficient use of such desys must be fixed in an area far from shadow, it issoeable

for homes, residential, and commercial buildingdray to estimate that the solar air temperature hadfanten

will be estimated. This work is part of ongoingaets of the heated air as well as the air temperature.sbla air

the Center for Energy and Renewable Energies temperature was calculated by the equation:
Technology Center at the University of Technology t

raise awareness and education in using renewable I, AR
Ti=T,+a——E—

alternatives in Iraq [15-65]. h, h,
Where:

Il. EXPERIMENTAL SETUP l; Total solar intensity (W/R)
In this study, a transparent solar collector tottiba air T,: outside air temperaturéQ)
was designed and manufactured. The collector was E: emissivity
designed to heat air of the room in the city of Baay AR: the radiation exchanging
atmospheric conditions. The primary structure oé th h,: external surface heat transfer coefficient
collector was constructed by a wood sheet of 1.5 cm
thickness. This material was used because ofvigplice Il. RESULTS AND DISCUSSIONS
and it is an excellent heat insulator. The desigwad The most effective factors affecting solar air tengure

surface area is 1 m A wooden board of 0.5 cm thickness are the external air temperature and the sun iiyersg.
used to divide the air way into two passages. A fla 2 represents the differences between the averdgeé® o
aluminum plate with a thickness of 3 mm and dyed in  ambient air temperature and the calculated solar ai

non-selective black color was fixed on the facettod temperature for the tested period. The solar air
plank facing the sun and the entire collector wageced temperature was higher than the ambient temperaiitine
by a transparent glass with a thickness of 3 mm. Bi about 106.7%. This increment indicates the higtarsol
shows the manufactured air heater collector usethign intensity for Irag at winter. The average measuselr
study. The collector was designed to be tiltedraiagle intensity was ranged from 134 to 346 \¥/ras Fig. 5
of 45° to receive the highest level of sunlighBaghdad manifests.
winter. Several thermocouples type B were used to
measure the temperatures in variable parts of thi w 50 .
particularly in the inlet and outlet. In this stydihe 40
movement of air depends on the free convectionltesbu % 20
from the temperature difference between the inted a %
outlet air due to the small collector measures &nd g 20
increase the heat transmitted to the air duringhtfeging £ /——'\N\
+~ 10 B Solar air Temperature
process. 0 A Air temperature
7 9 11 13 15 17
day hours

Fig. 4:Air temperature distribution during the day
This high solar intensity gives an impression thalar
power in lIraqg could be exploited for all heating
applications either hot air or water for homesnatustrial
projects are possible and will achieve successratidce
the consumption of the fossil fuels used for thiggose.

Fig. 3 The transparence solar air heater used i study

The heat gained by the aluminum plate was caladlase
Qp = m,. Cp. AT,
The heat gained by the air
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Fig. 5:Solar intensity distribution during day haur
Fig. 6 represents the temperature of the alumintlate p
and the heated air during the tests which started /M
and ended at 4 PM. The aluminum plate gained the
temperature from direct solar radiation and théeotéd
radiation from the transparency glass, which he#téal
high temperatures. The aluminum plate temperatose r
about 142.45% compared to the ambient air temperatu
The recirculated air was heated by the natural ection
heat transfer from the plate to it. The heat transate
depends on the coefficient of heat transfer betvikerir
and the aluminum plate. The temperatures difference
between the aluminum plate and the heated air was
16.78% which indicated the high conviction rateuttisg
in a high efficient heating process. The air waatbe
about 101.74% higher than the ambient air alongdthe
hours.
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Fig. 6: The plate and heated air temperature duritay
hours

Fig. 7 represents the thermal energy gained byplhe

and the air during the heating process. The aluminu

plate gained about 130.08% of the increased thermal

energy of the heated air. The reason for this ffee is

the movement of the heated air, and this movement i

increased by increasing its temperature. Howewuss, t

movement speed was low as it depends on natural

convection process, as Fig. 8 declares.
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Fig. 7:The thermal energy gained by the plate aedtad
air during day hours
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Fig.8: Heated air movement speed during day hours

V. CONCLUSIONS
In this research, a transparent air heater wagediand
manufactured to work in the winter conditions of
Baghdad, Irag. The intensity of solar radiationrenq is
high enough that makes heating applications suftddes
a large extent. The results showed that the pretesit
could increase the temperature of the used airOt6l
higher than the ambient air. The employed aluminum
plated was a reasonable choice as the heat transfer
convection rate between it, and the air was high. A
movements due to natural convection were linkethé&
circulated air temperature and commensurate with th
intensity of solar radiation.
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