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Abstract

 This paper presents a theoretical investigation of solar air heaters using phase
change material (PCM). PCM used in present configuration is homogenous mixture of paraffin
wax with Aluminium powder. The purpose of using Aluminium powder with paraffin wax is to
increase the thermal conductivity. PCM mixtures are encapsulated in cylinders and are used
as solar absorbers. Using the MATLAB program, the effect of different parameters is studied. It
has been observed that with increase in mass flow rate, air outlet temperature decreases and
freezing time of cylinder decreases. However, at constant mass flow rate, with increase in
cylinder radius, air temperature decreases and while freezing time increases sharply. The
different parameters have to be chosen such that performance of the solar air heater can be
optimized.

Keywords: Solar Air Heater, Phase Changing Material, Paraffin Wax, Aluminum, Freezing
time.

1. Introduction
Solar energy is a clean and green energy which is available on the earth for an entire

year. Utilization of solar energy gains attention as conventional sources of energy are
depleting and they are also responsible for pollution and global warming [1]. Solar energy can
be utilized for different applications i.e. space heating, water heating, crop drying and
electricity generation. In recent years, the use of solar energy in solar air heaters (SAH) has
gained much attention. SAH absorbs the solar radiation by means of an absorption surface
and absorbed thermal energy is transferred to a fluid which can be air, water, or nanofluid
[2-5].

SAHs are simple and flexible in design; they have low cost and require less
maintenance [6]. However, the absorber surface of SAH has a very low heat transfer
coefficient with air due to which its efficiency is low [7]. Many researchers proposed various
surface roughness patterns and techniques to improve the performance and efficiency of SAH
[8-11]. Apart from that some researchers also suggest the use of phase change materials
(PCM) to absorb the heat in the form of latent heat [12-13].

Due to the intermittent nature of solar energy, researchers have more on storage
methods and materials. Farid et al. [14] reviews the material used as phase change material
(PCM) like hydrated salts, fatty acids, paraffin, eutectics of organic and inorganic compounds.
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Major problem associated with PCM is low thermal conductivity. Researchers tried to enhance
the thermal conductivity of PCM with the help of additives like Aluminum powder [15] or using
extended surfaces (fins) [16].

Uses Al powder with paraffin wax in the water base collector and found an increase in
heat gain compared to only paraffin [17]. In present work, air temperature along the channel
and freezing time of PCM units has been evaluated under different operating conditions. A
MATLAB program has been developed to compute the different values.

2.  Literature Review
This system consists of three essential parts which are: a single transparent glass,

isolated duct and the storage unit which is consist of a single row of cylinders contain a PCM,
the cylinders placed in the crossflow of forced air stream, this unit works to satisfy two goals;
absorb and storage the solar energy.

The dimensions of the collector are 0.1808 m x 1.06 m x 2 m. It has aluminium
cylindrical containers as an absorber which are painted black. The design is taken into
consideration for concerns like integration with the PCM storage unit, the simplicity of
construction, dismantlement, and handling the PCM unit. A reflector sheet adjusted under the
cylinders to reflect the escaped rays through the spaces between them. A solar simulator
charges the collector by thermal energy until the cylinders became at liquid phase, there is no
conflict between charging and discharging, and are assumed to take place at different times
so, to investigate the output air temperature due to discharge process consider that no
radiation.

Fig 1. Cross section of the Solar Air Collector with PCM Cylinders.

3. Mathematical Modeling
In order to predict air temperature and freezing time, various assumptions have been

employed to simplify the process. These assumptions are as follows:
a) Properties of air and PCM are kept as constant and are not varied with temperature.
b) Heat loss is assumed to be very low and is therefore neglected.
c) Heat flow through each cylinder is in radial direction through conduction only.
d) Air is treated as incompressible fluid.

It was observed that paraffin wax has lower thermal conductivity, so to improve it
Aluminum powder has been also mixed homogeneously. It is assumed that Aluminum powder
has particle size less than 100 μm. The thermo-physical properties of wax-Al mixture are
calculated in equation (1)-(3).
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𝐾𝑐 = 𝐾𝑝.𝑤𝑣𝑝.𝑤 + 𝐾𝐴𝑙𝑣𝐴𝑙
(1)𝐶𝑐 = 𝐶𝑝.𝑤𝑚𝑝.𝑤 + 𝐶𝐴𝑙𝑚𝐴𝑙
(2)ρ𝑐 = ρ𝑝.𝑤𝑣𝑝.𝑤 + ρ𝐴𝑙𝑣𝐴𝑙
(3)

Where, Kc, cc, ρc are thermal conductivity, specific heat and density of new mixture
respectively.
In the above equations, , and m are volume fraction and mass fraction and are calculated as𝑣
follows:

(4)𝑣𝑝.𝑤 = 𝑉𝑝𝑤𝑉𝐶𝑣𝐴𝑙 = 𝑉𝐴𝑙𝑉𝐶
(5)

(6)𝑚𝑝.𝑤 = 𝑀𝑝𝑤𝑀𝐶
(7)𝑚𝐴𝑙 = 𝑀𝐴𝑙𝑀𝐶  

Suffix Al and p,w denote Aluminium powder and paraffin wax.

Table 2. Values of different properties taken in study

Paraffin wax Aluminum New compound

(Tcr) 50°C - 50°C

(H) 190 KJ/kg - 190 KJ/kg

(P) 930 kg/m3 2707 kg/m3 933 kg/m3

(K) 0.21x10-3 KW/mK 0.204 KW/mK 0.56 KW/mK

(C) 2.1 KJ/kg 0.896 KJ/kg 2.09 KJ/kg

Energy balance has been carried out for each cylinder

(8)

Where, ma is mass flow rate of air which varies from 0.05 to 0.21 kg/s. Specific heat of air (Ca)
is taken as 1009 J/kg.K.

(9)

Where J varies from 1 to N.
Freezing time for the Wax-Al mixture in each cylinder is

(10)
Where
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(11)

(12)
Fluid temperature TJ(t) after J cylinder is approximately:

(13)

Heat transfer coefficient for cylinders has been calculated using McAdams expressions(1954).

(14)

Where b2 and n are constants having value of 0.3 and 0.6 respectively
A program has been formed in MATLAB 2009 for computing the results. MATLAB 2009

has been used as it offers a very user friendly environment and is an integrated technical
computing environment that combines numeric computation, advanced graphics and
visualization, and a high level programming language. It is more than a fancy calculator and is
an extremely useful and versatile tool.

4. Results and Discussion
The results obtained after performing numerical simulations for different working

conditions are illustrated here with discussions. The parameters that have been varied are
mass flow rate and cylinder radius.

The variation of air temperature along the collector length for different mass flow rate
of air has been shown in fig. 2. Air temperature has been measured after each PCM
cylinder and is depicted in fig. 2. It is observed from the plot that with increase in mass
flow rate, air temperature decreases throughout the channel length irrespective of the
cylinder. This is because the amount of heat being carried by air is same and with the
increase in mass flow rate, less temperature gain is observed in air.

Fig 2.  Variation of Air Outlet Temperature with Number of Cylinder For Different Mass Flow
Rate
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Figure 3 shows the variation of time required in freezing of different cylinders with
mass flow rate. When the mass flow rate increases, there is a decrease in freezing time. For
mass flow rate of 0.5 kg/s, freezing time for the 1st cylinder is 8.3 hr which is nearest to the
inlet and while for the last cylinder is 18.7 hr. While the lowest freezing time was observed for
mass flow rate of 0.21 kg/s. Moreover, it is also observed that with the increase in mass flow
rate, the slope of the freezing plot increases continuously.

Fig 3. Variation of Time with Number of Cylinder for Different Mass Flow Rate

Now keeping the mass flow rate constant, cylinder radius has been varied. Figure 4
shows the variation of air temperature along the channel length for different cylinder radius.
Smaller cylinder has shown less disturbance in the air flow field and therefore has a higher
temperature compared to a larger cylinder. The temperature will decrease to increase the
radius of the cylinder at inlet and outlet. For 0.005 m cylinder radius, air temperature at inlet
and outlet was 28.9°C and 45.5°C and while for 0.035 m cylinder, temperature observed was
28.87 °C and 44.92°C respectively.

Fig 4. Variation of Air Temperature Along the Collector Length for Different Cylinder Radius
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With the increase in cylinder radius, freezing time increases at a much higher rate as
depicted in fig 5. This can be attributed to more PCM has to freeze with increase in cylinder
radius.

Fig 5. Effect of cylinder radius on freezing time

5. Conclusion
The present numerical study has been carried out using a solar air heater using

paraffin- wax Aluminium compound as a thermal storage material enclosed in a cylinder. The
objective of present work is to determine effects of various parameters like mass flow rate and
cylinder radius on the performance. A MATLAB program has been made and simulated under
different operating conditions. On the basis of results, the following conclusions can be drawn:

1. It has been found that with increase in mass flow rate, air outlet temperature
decreases and freezing time of cylinder decreases.

2. With increase in cylinder radius, air temperature decreases and while freezing time
increases sharply.

3. To optimize the performance of configuration, the proper selection of parameters has
to be done.
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