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Abstract—Solar energy is the source of heat and energy
on the earth. In this paper, a solar water heating system
was proposed for room heating in Baghdad winter
weather conditions. The system was mad consisting of a
flat plate solar collector, an isolated water storage tank,
two pumps, and a radiator inside the room. The study
foxed on the performance of the solar collector and the
impact of weather conditions (clear or cloudy
atmosphere) and water flow rate on its efficiency.
The results illustrated that the solar collector efficiency
increased at clear days compared to cloudy ones. The
working fluid (water) flow rates have a significant impact
on the collector efficiency. The collector efficiency
increased at moderate flow rates and decreased at higher
rates. The reduction the water flow rate allows for the
heat to transfer longer time to water that increases the
collector inlet and outlet temperature differences.
Keywords— Flat plate, solar collector, water storage
tank, collector efficiency, heating load.
I. INTRODUCTION
Solar energy is available everywhere in the globe and in
most times of the year, giving heat that can be used to
produce electricity or water heating and even cooking [1].
Iraq is one of the sunny countries that have up to 340 days
of sunshine days per year. Also, the solar radiation
intensity arrived for its land ranging from 240 W/m2 in
winter to 980 W/m2 in summer [2]. These high numbers
make the utilization of solar energy efficiently to produce
electricity by PV and CPS systems a foregone conclusion
[3]. Also, the water solar heating technology is a quite
successful and effective in these circumstances [4].
The solar water heating is a technology that has become
common today and is used in most countries of the world.
Water passes on the solar heater which may be flat (Flat
plate water collector) or consists of pipes (Evacuated tube
collectors) painted in black color to absorb most of the
falling solar radiation. The hot water is stored at the top of
the solar collector in a tank to recycle the heat in the
water by natural convection and combines hot water at the
top of the tank. The heated water can be withdrawn for
use in household applications [5]. This hot water can be
used also to heat the air-conditioned space to achieve
comfort conditions for the occupants through the pass the
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hot water to heat radiators radiate the heat stored in the
water to the space to be heated [6].
Heating homes using electricity or fossil fuels, costing
homeowners high amounts each winter to provide
comfort for the occupants. While the use of solar energy
available for free can reduce these costs, in addition to the
systems used require no maintenance during the entire
winter season, or it needs maintenance in a very limited
conditions, which means little economic cost to the
consumer [7]. Solar water heating employing for a space
warming has two benefits, the first: reduce the cost of
heating, and the second: reduce pollutants resulting from
the combustion of fossil fuels used in heating.
However, because Iraq is the one of biggest production
and export of oil and gas state of the world, the successive
governments on this country have relied on using fossil
fuels to produce electricity [8]. Also, Iraqi houses heated
either by electric heaters or oil or gas heaters in winter.
The excessive use of oil and gas to heat homes in winter
has caused a rise of air pollution in these spaces and thus
it affects the general health largely [9].
In Iraq, many of the research has investigated new
methods to heat the room air without relying on burning
fossil fuels and depending entirely on solar energy. In the
articles [10 to 14], the researchers studied the air heated
by wall Tromp suitable for Iraqi weathers. References
[15-16] studied to take advantage of solar salt ponds to
heat up the space. Ref. [17] tried to take advantage of the
heat stored by paraffin wax as a phase change material
(PCM) to increase the heated water period after sunset.
The aim of the present study is to manufacture and
evaluate the performance of a solar water heating system
used for heating an available space in the winter of
Baghdad, Iraq - conditions. The research is part of the
continuous efforts of the Energy and Renewable Energies
Technology Center in the University of Technology to
study and experience the use of green systems in homes,
factories, offices, whether for heating, cooling and clean
electric power production [18-60].
II. EXPERIMENTAL SETUP
This study was conducted to evaluate the performance of
solar collector heat storage water effectiveness when used
to warm a room in Baghdad-Iraq winter weather (20152016). Baghdadi winter has moderate solar intensity
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ranged from 240 W/m2 to 435 W/m2 during the day, and a
temperature ranged from -2°C at night to 20°C at
midday. The wind in winter is moderate ranged from 0 to
4 m/s. The tests were conducted in sunny and partial
cloudy days to evaluate the collector efficiency when the
water flow rate was varied to 1.2, 1.8, 2.5 and 3.0
liter/min. The collector's input and output temperatures
were measured and recorded. The tests were conducted
three days each and the average was taken as the required
reading to confirm the repeatability and reduce the
uncertainty in the results.
2.1. Equipment
1. Space selection: A small room has been selected for
the space heating procedure. The room dimensions
are (2.71x 2.08x 2.51m). The room walls consist of
two layers of fiber wood with thickness of 3mm,
separated by a layer of 0.6mm of fiber glass.
2. Solar collector: There are many type of solar
collectors, but generally they are divided into two
types:
a) Flat plate collector.
b) Focusing collector.
Flat plate collectors can be designed for applications that
require moderate temperatures delivery. When designing
a flat plate collector many assumptions are made, as:
1) The collector performance is a steady state.
2) The construction of the sheet and tube.
3) The header covers have a small area of the
collector.
4) There is no absorption of solar energy by
covers.
5) There is no dimensional heat flow through
covers.
6) No loss of heat from the back and the body of
the solar collector.
7) The collector properties are independent of
temperature.
8) The dust and dirt accumulation are
negligible.
Flat plate collectors may be used as an integral part of a
wall or roof structure in solar house to be heated, with an
angle equal to the altitude of the area where the collector
is mounted.
The collector used in the tests was with dimensions of
(2mx 0.95m) as Fig. 1 reveals. The collector consists of
two galvanized steel plates which were bent to construct
paths between them when they were welded together. The
collector's bottom served as input, and the top of it as
output for the working fluid (water).
The two parallel galvanized plates are fixed on the boxshaped support separated by (4 cm) as a space filled with
flexible fiber glass insulation. The upper galvanized steel
plate was painted with black color to increase the plate
www.ijcmes.com
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absorptivity. This arrangement was covered with a glass
plate to avoid wind effects which might increase the
thermal loss to the atmosphere.
3. Storage tank: A cylindrical shaped storage tank was
employed to store the hot water that will be supplied
to the room. The selected tank's volume was 0.157
m3 (0.5 m dia. x 0.8m height) as Fig. 2 demonstrates.
It was carefully isolated by 10 cm thickness of fiber
wool insulation.
4. The flow meter: For flow measurements, one flow
meter was placed in the pipeline to measure the flow
of the water entering into the collector. For the
measuring of the water flow through the radiator,
another flow meter was utilized. The flow meter
measuring rate was from (0 to 15 liter/ min).

Fig. 1: The Solar Collector Used in the Study

Fig. 2: The Solar Water Heating System Used in the
Study
5. Pumps: Two pumps were used to circulate the hot
water through the system. One was allocated for the
collector while the second was allocated for the
radiator. The pumps specifications are: the head =25
m; power consumption= 0.75kW; discharge= 50
liter/min.
6. Radiator: The radiator is the device that transfers
heat to the space to warm it. The used radiator has a
size of 40x60 cm and has 18 paths for hot water
flow.
7. Temperature measurements: Six thermocouples
were used to obtain the circulated water
Page | 58

International Journal of Civil, Mechanical and Energy Science (IJCMES)

=
( − ) (1)
b) The coefficient of heat transfer:
=
c)

+∑ +

(2)

III. RESULTS AND DISCUSSIONS
The figures from 3 to 6 represent the relation between day
time and collector efficiency for the variable studied
water flow rates. Weather conditions subjected to
considerable changes during the day. Sunny climate may
turns into a partly cloudy or totally cloudy. The solar
radiation intensity is not constant throughout the day. It
starts small and then grows to reach the highest values at
12AM to 2.5PM, and then start to decline as well as the
air temperature.
Water flow rate=1.2 l/min
60
Collector efficiency (%)

temperatures and distributed in the inlet and outlet
for the collector, storage tank and the radiator. The
thermocouples were type K.
8. Pipes: Ordinary water pipes (1.27 cm dia.) were
used in the system. These pipes were selected as it is
commonly used in Iraq and available in the local
markets.
9. Solar intensity measurement: The solar radiation
intensity was measured using ISM-410 Taiwan
made ranged from 0 to 1400 W/m2.
2.2 Theoretical Calculations
The following equations were used to calculate the
heating load for the room:
a) Heat transfer through walls and roof
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d) The total heating load for the room:
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Fig. 3: Collector Efficiency at Water Flow Rate of 1.2
l/min
Water flow rate=1.8 l/min
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Collector efficiency: There are many factors affecting the
collector efficiency as: collector temperature, cleaning,
glass emissivity, solar intensity, energy absorbed by the
black plate, and the wind speed. The collector efficiency
represents the amount of useful energy extracted from the
collector as a percentage of solar energy incidents on the
collector surface during the same period, simply:
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2.3 Tests Procedure
At the beginning of each test, the water tank was checked
to confirm the water level. The collector glass was
cleaned every day from dust and dirt. To begin the test,
the first water pump located on the pipe entering the
collector was started, and some time was left for the
system to reach its steady state water circulation at the
selected water flow rate by means of flow meter fixed in
the water flow line. After confirming the arrival of the
system to a steady state, the second to pump was run to
supply the room radiator to warm it up. After completing
all the former procedure, the temperature reading was
recorded.
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Fig. 4: Collector Efficiency at Water Flow Rate of 1.8
l/min
Water flow rate= 2.4 l/min
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Fig. 5: Collector Efficiency at Water Flow Rate of 2.4
l/min
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The collector efficiency means the amount of the solar
radiation energy received and heated the collector's water.
The water flow was controlled employing a flow meter.
In partial cloudy days, the collector can heat the water
partially compared to sunny days, but still raising the
water temperature. This result indicated that when using
this system there is a need for aiding of electrical heater to
be used in partially a totally cloudy days. The collector
efficiencies for all the flow rates at sunny days were good
and acceptable
Water flow rate= 3.0 l/min
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Fig. 6: Collector Efficiency at Water Flow Rate
of 3.0 l/min
Fig. 7 shows the effect of variable water flow rates on the
collector efficiency. The collector's efficiency increase
with mass flow rates increase from 1.2 to 2.4 and then it
starts to decline. Increasing the flow rate reduces the time
available for heat transfer from the collector metal surface
and the water which reduces the temperature differences
between the collector's inlet and outlet.
65
Collector efficiency (%)

collector's inlet and outlet better that the cases when the
water flow rates were increased.
Fig. 8 represents the relation between water mass flow
rates and the temperature differences between inlet and
outlet of the collector. The figure results indicated what
was formally mentioned. The heat transfer rate increased
with reducing the mass flow rate as the exchanging time
increased. Due to this reason, the temperature differences
were higher for low mass flow rates.
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Fig. 7: Collector Efficiency at Variable Water Flow Rates
In general, all the sunny days gave good collector
efficiency. As explained previously, the lower water flow
rate gave high temperature degrees difference between the

www.ijcmes.com

Fig. 8: Collector Temperature Differences at
Variable Water Flow Rate of 3.0 l/min
IV.
CONCLUSION
A solar water heating system was made and used to heat a
room in Baghdad winter weather conditions. The system
consisted of a solar collector, a water storage tank, two
pumps, and a radiator inside the room. The study foxed
on the performance of the solar collector and the impact
of water flow rate on its efficiency.
The results indicated that the solar collector performance
increased with increasing solar intensity. The water flow
rate has a clear effect on the collector efficiency as it
increased at moderate flow rates and relatively decreased
at higher rates. Also, reducing the water flow rate gives
longer time for heat exchanging, which resulted in higher
temperature differences between the collector inlet and
outlet.
.
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