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Abstract
A new type of solar air heater was designed, fabricated, and tested in Baghdad, Iraq winter conditions. The heater
consists of two main parts. The horizontal section was filled with the black colored iron chip while the vertical part has
five pipes filled with Iraqi paraffin wax. A fan was fixed at the exit of the air. Two cases were studied: when the air moved
by natural convection and when forced convection moved it. The studied air heater has proven its effectiveness as it
heated the air passing through it to high temperatures. The results manifest that using little air movement makes the
temperatures, stored energies, and efficiencies of the two studied cases converge. The suitable solar intensity of Baghdad
city makes the use of solar air heater suitable to reduce the electricity and fossil fuels consumption.
Keywords: Forced convection, iron chip, PCM, paraffin wax, solar air heater.

1. Introduction
The demand for energy is increasing with time
due to its massive consumption energy to meet the
population and development's needs. The today
power generation (whether for electricity or
transportation) is coming mainly from fossil fuels
like coal, oil and natural gas. The burning of these
resources caused many environmental problems all
over the world as global warming, acid rains, and
the ozone hole. Today, the nation's heading
towards the renewable and sustainable energies
like solar energy to compensate the fossil fuels [1,
2].
Solar energy has many advantages compared to
conventional fossil fuels on the environment. This
energy is clean, abundant, and available all over the

world. It is safe and environmental friendly [3].
The solar collectors for water heating have been
used for many years with efficient operation in
developed countries like the USA and Europe [4].
Solar air heaters are thermal systems used to
convert the incident solar radiation into heat used
to warm the air. These air heaters are used today in
many applications like space heating for comfort
conditions, drying agricultural plants and marine
products [5]. The use of air heater reduces the
dependence on fossil fuels. The air heater primarily
consists of an isolated duct for hot air, a heating
panel, a glass cover, and an air blower for moving
air. The group has a thermally isolated absorbing
plate with black color in general [6]. The glass
cover allows the solar radiation to pass through it
and prevents its exit. This process causes the
greenhouse effect which improves the efficiency of
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air heater. The glass also works as part of the air
duct [7].
However, these systems suffer from many
problems like low convection heat transfer
coefficient of air which reduces the thermal
exchange between the heater and air [8, 9]. The
absorber plate, in this case, will become hotter and
the thermal losses will be increased through the
covers. Many researchers tried to enhance the heat
transfer coefficient of air and the air heater
performance.
Prasad et al. [10] suggested double glassing
cover for the air heater to minimize its thermal
losses. Sopin et al., Ozgen et al., and Chaichan et
al. [11-13] tested a double pass channel air heater
where the air flows from above and then below the
absorber plate. Many researchers made many
modifications on the air heaters to reduce its
thermal losses and increase the air heat transfer
coefficient like adding fins for the double pass air
heater [14]. Also, References Lertsatitthanakorn et
al. [15], Esen [16], Paisaran [17], and Ho et al. [18]
studied adding fins to the absorbing plate. Qenawy
and Mohamad [19] and Thankur et al. [20] used a
porous material to increase the heat exchange
inside the air heater. The porous material consisted
of wire mesh screen. Ramadan et al. [21] used
limestone and gravels as a porous media while ElSebaii et al. [22] added iron scrap to gravel and
limestone.
The solar heater reliance on sunlight as the only
energy source makes its use after sunset is useless.
Many researchers investigated the abilities to use
thermal storage materials to increase the working
time of the air heater. Srivastava et al. [23] used a
phase change material (lauric acid) as a heat
storage material. This study increased the attention
on using of phase change materials (PCM) in air
heaters as it elongates the working time. The
authors fingered the importance of the charging
and discharging of the used PCM heat transfer
characteristics. Kabeel [24] investigated the effect
of adding paraffin wax as a PCM for an air heater
performance. The authors presented the weather
parameters affecting the performance of their
module.
Chaichan et al. [25] used nano-Al2O3 with
paraffin wax to enhance the charging and
discharging process in a heat storage wall (Trombe
wall). The authors claimed better thermal
conductivity of nano-PCM which made the wall
gained higher temperatures up to 29.08%
compared to the use of paraffin wax alone. The
addition of nano-Al2O3 to PCM made the materials
stored temperature increased with about 42.68%.

Iraq is characterized by bright sun of most days
of the year, with an average of 335 days, and
relatively high solar radiation intensity ranging
from 245 W/m2 in winter to 980 W/m2 at summer
[26]. These conditions make Iraq a suitable
location for using air heaters in all its applications
that reduce the demand on electricity which the
country is suffering from its lack [27].
The aim of this study is to design, fabricate and
test a new type of air heater. The objective is to find
a suitable, cheap, and easy to construct the system.
The proposed method is useful in reducing energy
and fuel consumption, which means better
environment and less pollution.

2. Experimental Technique
The new designed and made solar air heater
consists of a horizontal passage and a vertical
passage connected. The heater has a cubic form
cross section with a rib length of 20 cm. Two sides
of the heater are from isolated wood covered by a
copper plate painted with black, while the other
two sides are from the glass with 3 mm thickness.
The wood is covered with a glass wool insulator
with a 1.5 cm thickness to confirm the system
thermal insulation. Glass has been installed on the
wood in the gaps paved in wood, and area in
contact between the glass and wood was filled with
silicon to ensure no leakage of hot air from the
system can be exist. Fig 1 shows a schematic
diagram of the studied solar air heater with its
dimensions.

Fig. 1. a schematic diagram of the designed,
fabricated, and studied solar air heater.
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The horizontal part of the air heater was filled
with 3 kg of iron chip colored in non- shiny black
to increase the absorbed radiation. In the vertical
part of the heater, five black pipes were fixed on
the plate. The 5 cm diameter pipes were filled with
Iraqi paraffin wax which its specification are listed
in Table 1. The used paraffin wax was 10 kg. The
horizontal part of the heater was closed by a piece
of wood has 10 holes having diameter of 1.0 cm
each. The vertical part was mounted with a wood
cover with an air fan has a diameter of 7.5 cm and
power of (4 watt) to force air movement from the
heater to the conditioned space. Fig. 2 shows a
photo of the tested air heater.
Four thermocouple type K were used to
measure the temperature of the air heater parts. One
thermocouple was fixed in the front of the entrance
inside the chip. The second one was set at the end
of the chip while the third was attached on one of
the PCM pipes. The last thermocouple was fixed at
the exit part of the heater before the fan. The air
temperature was measured in the shadow by a
thermometer.

The temperatures were tiled as the following:
Ta- the ambient air temperature.
T1- the chip temperature at the center, near the air
entrance.
T2- the chip temperature at the center of the
horizontal part of the heater.
T3- The temperature of the middle paraffin wax
pipe, in the vertical part of the heater.
T4- The air temperature at exist of the heater.
The following equations were used to calculate
the heat storage values for the air heater and its
components.
The storage energy inside the air heater
=
(
− )
(kJ)
…(1)
The whole day storage energy
=
+
+ ⋯+
(kJ)
…(2)
The energy drawn by fan
=
(
−
) (kW)
…(3)
The total drawn energy
= #$%## + ##%#& + ⋯ + '%( (kW)
! "
…(4)
The air flow rate
= )* +
(kg/s)
…(5)
The system efficiency
(%)
…(6)
, = 0×2./
Error Analysis
Error analysis is used to determine the accuracy
of the measurements and depends on the accuracy
of readings from all the devices used in the
experiments. In this study, the first measuring
devices were used to measure the temperature and
the second to measure the air speed. The two
devices were calibrated by comparing their
measurements with a standard device. Table 2
gives information about the devices used and the
rate of deviation in the readings.

Fig. 2. a photo of the tested air heater
Table 1,
The specifications of the paraffin wax used
Melting temperature (°C)
40
Latent heat of fusion (kJ/kg)
190
Solid specific heat (kJ/kg °C)
2.384
Liquid specific heat (kJ/kg °C)
2.49
Table 2,
The used measuring devices in the present study.
Measuring parameter
Temperature
Air speed

Device name
Digital thermometer
Anemometer

Company
Comark (UK)
Lutron YK80AM

3

Range
-25 to 70°C
0-15 m/s

Error rate
1.02
1.32
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The results of the calibration showed that the error
rate is calculated according to equation [28]:
74

:

74

:

74

: =.?

34 = 5678 3 9 + 678 3: 9 + ⋯ + 678 3 9 <
#

&

34 = @(1.02): + (1.32): E=.? = 1.668

;

…(7)

The error rate was less than 5% making the
readings acceptable geometrically.

Experimental Procedure
Fig. 3. The distribution of the system variable parts
temperatures with time without fan

The tests on the solar air heater were conducted
in Baghdad city-Iraq in last two weeks of Dec-2016
and the beginning two weeks of January-2017.
This month was selected due to its low ambient
temperature as it has the lowest solar intensity
compared to the other months. The system was
fixed facing the south, and the variable
temperatures were measured for two cases:
1-When the air was flow by natural convection.
2- When the air was flow by forced convection
using the fan.
The tests were repeated more than three times,
and the average values were taken to ensure the
repeatability and to reduce the impact of
uncertainty variables.

The paraffin wax starts to gain heat with a time
lag compared to the iron chip. The thermal
conductivity of the wax is small compared to the
chip which causes this heat gain delay. The PCM
temperatures increased till it reached its melting
point, at which the increase in the wax temperature
pause until all the wax is melted, then temperature
continued to rise.

3. Results and Discussion
The solar air heater starts its work with the sun
rise in the first morning, as the sunlight heats the
chip in spite of its low radiation intensity values.
For this reason, the temperature T1 (35.3°C) starts
higher than air temperature (2°C), as Figures 3 &4
show.
The iron chip gains heat from the sun easier and
faster that the PCM for the period from 8 AM to 2
PM. After this hour, the chip temperature starts to
decline rapidly whenever the sun goes down. The
ambient air temperature in Baghdad climate is
small in winter. However, the suggested air heater
proved its effectiveness as the exit air temperatures
were very high starting from 10 AM (45°C) till it
reached its maximal at 2 PM (65°C).

Fig. 4. The distribution of the system variable parts
temperatures with time without fan

The wax temperature all the charging period
(the heating time from 8 AM to 2 PM) was lower
than the chip temperature. At the discharging time
(from 2 PM till night) the PCM temperature was
higher than the chip ones. The PCM stored more
thermal energy than the chip which benefits after
sunset as the exit air temperature was 24.5°C at 10
PM. The resulted temperature confirm the success
of the established system as it gathers the rapid gain
of heat by the chip and the high stored energy
quantity by the PCM.
4
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Figures 5 & 6 represents the measured
temperature of the system variable parts with time
when the air was forced to move using a fan. The
used of the fan is crucial in this kind of systems to
control the air mass flow rate as desired. In this
case, the system was left to warm up till 10 AM;
then the fan was operated. The results indicate high
temperatures of the systems' parts that have tiny
lower quantities compared to the free convection
operation of the scheme.

Figures 7 and 8 show the stored thermal energy
variation with time. The stored energy of the chip
was little compared with the paraffin wax. The
maximum storing energy gained by the wax at the
phase change period. The benefit of this stored
energy appeared in elongating the air warming
period for several hours after the heating source
(the sun was set).

Fig. 7. Stored thermal energy variation with time.
Fig. 5. The distribution of the system variable parts
temperatures with time with fan

Fig. 9 manifests the system's stored thermal
energy variation with time for the two cases. The
results indicate clear convergence for the two
cases. The air flow rate with the fan was weak
which manage the system parts to gain heat without
fast cooling. The figure results support the previous
conclusion about the system success in Iraqi winter
weathers.

In the case of employing a fan, the chip
temperatures decline rapidly in the discharging
period due to the reduction in the heat supply from
the sun. Here, the use of PCM as a heating source
was wise as it preserved the high air temperatures.
The clear sky and high solar intensity of the Iraqi
winter made these temperatures possible, which
means that the use of such air heaters in homes and
buildings can reduce the relay on grid electricity
that it is generated from fossil fuels.

Fig. 8. Stored thermal energy variation with time.

Fig. 6. The distribution of the system variable parts
temperatures with time with fan
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For validation and ascertaining the quality and
efficiency of the designed air heaters, it has been
compared with many other devices that were tested
in Iraq and other countries weathers. Table 3 lists
this comparison. The table indicates that for Iraq
the new solar air heater achieved the highest
maximum temperature and stored energy and
efficiency due to the use of the chip in addition to
the PCM. For Ref. [30] the authors used in addition
to PCM solar radiation concentrators to increase
the incident radiation. However, the paper results
converge with the recent study results. Ref [31]
used square steel wire mesh with forced convection
(air moving by a fan). The authors' designed system
operated till 3 PM while the recent study system
continued heating till 10 PM.

Fig. 9. The flowing air stored energy with time
distribution for the studied cases.

Fig. 10. The system efficiency variation with time
for the studied cases.
Table 3,
A comparison between the present study and other published researches.
Max. Temp.
Reference
Location
System type
achieved
Present
Iraq
Chip and PCM
74°C
study
Chaichan et
Iraq
PCM only
60°C
al. [25]
Chaichan et
Iraq
Water
48°C
al. [29]
Chaichan et
Iraq
Aluminum plate
50°C
al. [13]
El-Khadraui
Tunisia
PCM
90°C
et al [29 ]
Roy et al.
Bangladesh
Square wire mesh
52°C
[30]

Max. stored
energy achieved

Max. eff.
achieved

2100 kJ

36%

1300 kJ

-

-

-

1000 kJ

-

1900 kJ

32.85%

6465 kJ

54%

were tested when the air passed through the air
heater in natural convection and forced convection.
The resulted air temperatures explicit an
increase after passing through the heater. The chip
was useful in increasing the air temperature due to
its high surface area of contact. The paraffin wax
was a good choice as it increased the system
warming time for more than four hours after sunset.

4. Conclusions
In this study, a new design of solar air heater
was fabricated and designed in Iraqi winter
weathers. In this design iron chip and PCM were
used to gain heat from the solar rays. Two cases
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[5] Gawande V B, Dhoble A S, Zodpe D B,
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Thermal Engineering, vol. 8, pp. 19–31, 2016.
[6] Vaziri R, Ilkan M, Egelioglu F, Experimental
Performance of Perforated Glazed Solar Air
Heaters and Unglazed Transpired Solar Air
Heater, Solar Energy, vol. 119, pp. 251–260,
2015.
[7] Faris S S, Chaichan M T, Sachit M F and Jaleel
J M, Simulation and Numerical Investigation of
Effect Air Gap Thickness on Trombe Wall
System, International Journal of Application or
Innovation in Engineering & Management
(IJAIEM), vol. 3, No. 11, pp. 159-168, 2014.
[8] Gawande V B, Dhoble A S, Zodpe D B,
Experimental and CFD Based Thermal
Performance Prediction of Solar Air Heater
Provided with Right-Angle Triangular Rib as
Artificial Roughness, J. Braz. Soc. Mech. Sci.
Eng., vol. 38, No. 2, pp. 551–579, 2016.
[9] Promvonge P, Thianpong C, Thermal
Performance Assessment of Turbulent Channel
Flows over Different Shaped Ribs, Int.
Commun. Heat Mass Transfer, vol. 35,
pp.1327–1334, 2008.
[10] Prasad S B, Saini J S, Singh K M,
Investigation of Heat Transfer and Friction
Characteristics of Packed Bed Solar Air
Heater Using Wire Mesh as Packing Material,
Solar Energy, vol. 83, pp. 773–783, 2009.
[11] Sopian K, Alghoul M A, Ebrahim M, Alfegi,
Sulaiman M Y, Musa E A, Evaluation of
Thermal Efficiency of Double Pass Solar
Collector with Porous Nonporous Media,
Renewable Energy, vol. 34, pp. 640–645,
2009.
[12] Ozgen F, Esen M, Esen H, Experimental
Investigation of Thermal Performance of a
Double-Flow Solar Air Heater Having
Aluminum Cans, Renewable Energy, vol. 34,
pp. 2391–2398, 2009.
[13] Chaichan M T, Abass K I, Al-Zubidi D S M,
Kazem H A, Practical Investigation of
Effectiveness of Direct Solar-Powered Air
Heater, International Journal of Advanced
Engineering, Management and Science

The results reveal that using a fan with low flow
rate reduces the gained temperatures and stored
energy but in a limited amount. The produced
efficiencies in the two tested cases were
convergence. The suggested system in spite of it
was a prototype it confirmed its ability to warm
Iraqi houses and building for a period that can
exceed 14 hours/day. The use of such solar air
heaters will reduce the amount of electricity and
fuel consumption in winter.

Nomenclature
A
Cpwax
HI
H*
34
mKLM
mwax
Qs1
Qu
Tairout
ρa
Cpchip
Cpa
ei
I
mchip
Qs
Qs2
Q air
Tairin
Va

The heater
area
wax specific heat (kJ/kg. h)
The partial derivative
Uncertainty in the results
air drawn (kg/s)
wax mass (kg)
energy stored in the chip (kJ)
the drawn energy from the heater
(kJ)
the delivered air temperature (K)
air density (kg/m3)
chip specific heat (kJ/kg. h)
air specific heat (kJ/kg. h)
Uncertainty interval in the nth
variable.
Solar intensity (W/m2)
chip mass (kg)
Storage energy inside the air
heater
energy stored in wax (kJ)
Energy drawn by the air (kJ)
entering air temperature (K)
Air speed (m/s)
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ﺗﻢ ﺗﺼﻤﻴﻢ ﻭﺗﺼﻨﻴﻊ ﻭﻓﺤﺺ ﻋﻤﻞ ﻧﻮﻉ ﺟﺪﻳﺪ ﻣﻦ ﻣﺴﺨﻨﺎﺕ ﺍﻟﻬﻮﺍء ﺍﻟﺸﻤﺴﻴﺔ ﻓﻲ ﺍﺟﻮﺍء ﻣﺪﻳﻨﺔ ﺑﻐﺪﺍﺩ -ﺍﻟﻌﺮﺍﻕ .ﻳﺘﻜﻮﻥ ﻣﺴﺨﻦ ﺍﻟﻬﻮﺍء ﻣﻦ ﺟﺰﺋﻴﻦ ﺭﺋﻴﺴﻴﻦ .ﺍﻟﺠﺰء
ﺍﻻﻓﻘﻲ ﻣﻸ ﺑﺮﺍﻳﺶ ﺍﻟﺤﺪﻳﺪ ﺳﻮﺩﺍء ﺍﻟﻠﻮﻥ ﺑﻴﻨﻤﺎ ﺛﺒﺘﺖ ﺧﻤﺴﺔ ﺍﻧﺎﺑﻴﺐ ﻣﻤﻠﻮءﺓ ﺑﻤﺎﺩﺓ ﺍﻟﺸﻤﻊ ﺍﻟﺒﺮﺍﻓﻴﻨﻴﻲ ﻣﺘﻐﻴﺮﺓ ﺍﻟﻄﻮﺭ ﻓﻲ ﺍﻟﺠﺰء ﺍﻟﻌﻤﻮﺩﻱ .ﺛﺒﺘﺖ ﻣﺮﻭﺣﺔ ﻋﻨﺪ ﻓﺘﺤﺔ ﺧﺮﻭﺝ
ﺍﻟﻬﻮﺍء .ﺗﻤﺖ ﺩﺭﺍﺳﺔ ﺣﺎﻟﺘﻴﻦ :ﻋﻨﺪﻣﺎ ﻳﺘﺤﺮﻙ ﺍﻟﻬﻮﺍء ﺑﻔﻌﻞ ﺍﻟﺤﻤﻞ ﺍﻟﻄﺒﻴﻌﻲ ﻭﺍﻟﺤﺎﻟﺔ ﺍﻟﺜﺎﻧﻴﺔ ﻋﻨﺪﻣﺎ ﻳﺘﺤﺮﻙ ﺑﻔﻌﻞ ﺍﻟﺤﻤﻞ ﺍﻟﻘﺴﺮﻱ.ﺍﺛﺒﺖ ﻣﺴﺨﻦ ﺍﻟﻬﻮﺍء ﺍﻟﻤﺪﺭﻭﺱ ﻛﻔﺎءﺗﻪ
ﺍﺫ ﺍﻧﻪ ﺳﺨﻦ ﺍﻟﻬﻮﺍء ﺍﻟﻤﺎﺭ ﺧﻼﻟﻪ ﺍﻟﻰ ﺩﺭﺟﺎﺕ ﺣﺮﺍﺭﺓ ﻋﺎﻟﻴﺔ .ﺑﻴﻨﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻥ ﺗﺤﺮﻳﻚ ﺍﻟﻬﻮﺍء ﺑﺴﺮﻉ ﻣﻨﺨﻔﻀﺔ ﻳﺠﻌﻞ ﺩﺭﺟﺎﺕ ﺍﻟﺤﺮﺍﺭﺓ ﻭﺍﻟﻄﺎﻗﺎﺕ ﺍﻟﻤﺨﺰﻭﻧﺔ ﻭ ﺍﻟﻜﻔﺎءﺍﺕ
ﻟﻠﺤﺎﻟﺘﻴﻦ ﺍﻟﻤﺪﺭﻭﺳﺘﻴﻦ ﺗﺘﻘﺎﺭﺏ .ﺍﻥ ﺷﺪﺓ ﺍﻻﺷﻌﺎﻉ ﺍﻟﺸﻤﺴﻲ ﻟﻤﺪﻳﻨﺔ ﺑﻐﺪﺍﺩ ﻣﻨﺎﺳﺒﻪ ﺟﺪﺍ ﻻﺳﺘﺨﺪﺍﻡ ﻣﺴﺨﻨﺎﺕ ﺍﻟﻬﻮﺍء ﺍﻟﺸﻤﺴﻴﺔ ﻭﺍﻟﺘﻲ ﻣﻦ ﺷﺄﻧﻬﺎ ﺍﻥ ﺗﻘﻠﻞ ﺍﺳﺘﻬﻼﻙ ﺍﻟﻜﻬﺮﺑﺎء
ﻭﺍﻟﻮﻗﻮﺩ ﺍﻻﺣﻔﻮﺭﻱ.
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