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ABSTRACT
Latent Heat Storage is one of the methods to store thermal energy other than Sensible heat storage
and Thermo-chemical storage. In latent heat storage system, the Phase change materials (PCM) play the
role of a medium for storing energy and releasing it when required. These materials store heat energy
when they change from solid form to liquid form, from liquid form to gaseous form or from solid form
to solid form (change of one crystalline form into another without a physical phase change). Then release
that energy when they have the reverse phase changes.
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1. INTRODUCTION
Due to increase in awareness for environmental safety and increase in price of
conventional energy sources, use of renewable energy has also increased. The solar thermal
storage is one of the important aspect of this scenario. It increases the efficiency as well as
reduces the use of other sources in various applications including building heating systems,
thermo-solar power plants etc. [1-3]. The storage capacity of a LHS system in the case of solidliquid transformation is given by Equation 1:
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Equation 1. Storage capacity of a LHS system
where:
Ti
Tm
m
Cp
am
∆ℎ𝑚

is the initial temperature
is the melting temperature
is the mass of heat storage medium
is the specific heat
is the fraction melted
is the heat of fusion per unit mass (J/kg)

The latent storage materials have larger volumetric energy storage capacity because the
heat of fusion or heat of evaporation is much greater than the specific heat. Also the absorption
and release of the energy stored takes place at constant temperature which makes the choices
easier to use in different applications.

2. PROPERTIES OF PCM
To get a feasible and effective Phase change material, the following properties are to be
considered namely, Physical, Thermal, Kinetic, Chemical and Economical [4-6].
The physical properties include:





High density
Small volume change to facilitate construction of heat exchangers.
Low vapour pressure to avoid problems with heat exchangers.
Favorable phase equilibrium to facilitate heat storage.
The thermal properties include:





High thermal conductivity to provide minimum temperature gradients and maintain
charge and discharge of heat.
High latent heat of transition to occupy minimum possible volume.
Suitable phase-transition temperature.

The kinetic properties include:
 Proper crystallization rate
 No supercooling as it makes difficult to control the heat transfer.
The chemical properties include:



Non-explosive
Non-toxic
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No fire hazard
Long term chemical stability.
The economical properties include:




Cost effective
Abundant and available easily

Although it is difficult to get all the properties in a material so methods like use of fins or
composite materials in form of matrixes are used to get a good system design.

3. CLASSIFICATION OF PCM
Phase change materials are classified mainly into three groups, namely



Organic materials
Inorganic materials
Eutectics materials

Classification of PCM




Organic compounds consist of two types-paraffin compounds and non-paraffin
compounds.
The paraffin compounds are made by saturated hydrocarbons having a general formulaCnH2n+2. These hydrocarbons are obtained from the petroleum distillation process.
The non-paraffin compounds are made by esters, alcohols and glycols.
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Inorganic compounds are divided into two types-salt hydrates and metallics.

Salt hydrates are the alloys of inorganic salts and water, which forms a crystalline solid
of general formula of AB.nH2O. Metallics are the low melting metals and metal eutectics. They
have got high thermal conductivity, relatively low vapour pressure and high heat of fusion per
unit volume. Eutectics is composition of minimum melting two or more components, which
melts and freezes identically and forms a mixture of crystals while crystallization occurs [7]. It
is composed of three types- organic-organic, inorganic-inorganic and inorganic-organic.
Eutectic mixtures of inorganic salts. As shown above, the inorganic salts have a melting
temperature between 250 °C to 1680 °C and heat of fusion from 68 to 1041 J/g. When a
substance solidifies, it goes to a temperature which is lower than the melting temperature and
causes no crystallization rate and nucleating properties which leads to lack of crystal nucleus to
solidify. This is called supercooling phenomena. A challenging feature of inorganic salts is
change of volume at phase transition It is due to the lack of information of temperature
dependences of density. While life time of the material is another feature to consider. In space
applications the life time can be about months and years but in power plants around 20-30 years
of life-time is expected. The compatibility between salt and constructional materials should also
be tested, as no chemical reaction or corrosion test should be done [8, 15]. The container is
made up of alloy which is easily processed, accessible and cheap. Also the heat transfer area is
extended between the heat carrier and PCM by using fins or by encapsulation of PCM.
Metallics. These metals and the alloys can be used as high temperature storage materials
because they have high heat conductivity, less corrosion activity and lesser cost. An alloy made
by the composition of aluminum and silicon (AlSi12) has been used for development of
isothermal electric heater because it has melting temperature of 576 °C and heat of fusion of
560 J/g.
Table 1. Thermophysical properties of AlSi12 alloy

Property

Heat capacity of solid
Heat capacity of liquid
Temperature of phase transition
Heat of fusion
Density
Thermal conductivity

4. LATENT HEAT STORAGE SYSTEMS
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Value

Unit

1,038
1,741
576
560
270
160

J/g.K
J/g.K
ºC
J/g
g/cm3
W/m.K
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The latent heat storage systems work on the temperature range of 200-700 °C. They are
also divided into two types- Active systems and Passive systems.
In active systems, the storage medium circulates through the heat exchanger as a heat
transfer fluid while in case of passive systems, the heat transfer fluid is used to charge and
discharge a different material which is used as a storage material.
Active systems are further classified into two parts- Active direct systems and Active
indirect systems. The active direct systems have heat transfer fluid as a storing medium while
in the active indirect systems, there is another medium for heat storage.
Active direct systems. In this system, the heat transfer fluid and storage medium are same,
therefore the cost of the system reduces as well as the working temperature can be increased to
a better level [9, 16]. This improves the efficiency and performance of the plant and reduces
the electrical cost.
The system is basically a two tanks direct system i.e. it has two tanks, one of the tanks is
used to store the hot heat transfer fluid which is supplied and other tank is used to store the
discharged heat transfer fluid.
The advantages of this system are


The hot and cold heat storage materials are separated inside the system.
It can perform on high working temperatures.
The system has certain disadvantages as well, which are-






High cost of heat exchanger and heat transfer fluid.
Relative small temperature difference between hot and cold fluid in storage system
High risk of solidification of the fluid due to high freezing temperature
High losses in the solar field due to high working temperature range.

Active indirect systems. This system works on two concepts of working with heat transfer
fluid and the storage medium. First one is the two tanks indirect system which works like the
direct system with a heat exchanger between the heat transfer fluid and the storage material.
Another concept is using single tank system where the hot and the cold fluids are in the same
tank and are separated by stratification. This zone is called as thermocline zone. In this system
the hot fluid is at the top and the cold fluid is at the bottom so a heat exchanger is also required
to transfer the heat between the heat transfer fluid and storage material. The advantage of single
tank system is reduction in the cost due to one tank is removed.
The disadvantages are:





Separation of hot and cold fluid becomes difficult
While using molten salts, a minimum system temperature is maintained in order to avoid
freezing and salt dissociation.
Outlet temperature being high enough causes losses in the solar field.
The design of the plant becomes complex thus inefficient.

Passive Systems. These systems are also dual medium storage systems and also known as
Regenerators. The heat transfer medium passes through the storage for charging and
discharging the system, the storage medium itself does not circulate [10].
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Passive storage systems are solid storage systems i.e. made up of concrete, castable
materials and PCM. While using concrete, the rate of heat transfer increases due to better
contact between concrete and piping [11, 17]. It also gives the facility to handle the material
and low degradation of heat transfer between heat exchanger and the storage material. While
PCM is used, the storage ratio is increased due to higher heat of fusion than specific heat of
materials [19-25].

4. APPLICATIONS OF PCM
The application areas of PCM in buildings is illustrated below4. 1. PCM in Solar Wall
A PCM Wall is used to capture a large proportion of solar radiation being incident on the
walls or roof of the building. These walls have high thermal mass of PCM and are capable of
minimizing the effect of fluctuations in the ambient temperature on the inside of the building.
The components of the wall are-glass, transparent insulation material, ventilated air channel,
plaster, polycarbonate. The radiations pass through the glass having transparent insulation
material to prevent convective heat transfer. The PCM is made up of polycarbonate and absorbs
the energy as latent heat. The air which is required for ventilation in the house gets heated up
in the air channel and let into the room [14, 18]. The image below shows the elements of the
PCM wall

Schematic of elements of a solar wall
4. 2. PCM Integrated Roof
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A PCM thermal storage system is used to store heat from sun in day time and used after
sunshine is gone or night time. It is basically a roof- integrated solar air heating and storing
system which uses existing iron roof sheets as solar collector for heating air.
The system operates in three modes namely
i)
ii)
iii)

During sunshine is present and heating is required, air passes through the
collector and then into the house.
When heating is not required air is pumped into the thermal storage facility,
melting the PCM and charging it for future use.
When sunshine is not available, room air is passed through the storage facility,
heated and forced into the house. If storage facility is not available, an auxillary
gas heater is used to heat the home.

The following image shows the solar heating system:

Schematic of solar roof collector system

4. 3. PCM Filled Glass Windows
The system is very effective for thermal use as it reduces the heat gain or loss by filtering
out the thermal radiations because most of the energy is transferred during phase change of the
PCM. The image below shown is the PCM filled glass window.
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Schematic of PCM filled glass window

The window is double sheeted with a gap between the sheets and an air vent at the top
corner. The sides and bottom are sealed with the exception of two holes at the bottom, which
are connected by plastic tube to a pump and the PCM tank. The pump is connected in turn to
the tank containing the PCM, which is in liquid phase. The pump operation is controlled by a
temperature sensor. When the temperature difference reaches a pre-set value the pump is
operated and the liquid PCM is pumped out of the tank to fill the gap between the glass panes.
Because of the lower temperature at the outer surface, the PCM starts to freeze, forming a solid
layer that increases in thickness with time and hence prevents the temperature of the internal
ambient from decreasing. This process continues until the PCM changes to solid. A well
designed window system will ensure that the external temperature will start to increase before
the complete solidification of the enclosed PCM[12,13].
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4. 4. PCM Assisted Sun Shading
The PCM used in this system is a hydrated salt CaCl2·6H2O which is very suitable in hot
climate and best for the areas where the temperature fluctuates a lot during day time and night
time. The following image shows the diagram of sun shading system with and without PCM.

During the daytime with high temperatures (compared to the thermal comfort value), the
face of the inner blind integrated with PCM is rotated to be exposed to the solar radiation so
that excess solar energy is stored in PCM, attenuating the temperature fluctuations inside the
room.
During the night time with relatively low temperatures (compared to the thermal comfort
value), the face of the inner blind integrated with PCM is rotated to be exposed to the room air
so that the stored energy is released back to the room, avoiding over-reduction of the room
temperature below the thermal comfort value.
4. 5. PCM Integrated in Wood – Light Weight – Concrete
Wood –lightweight- concrete is a mixture of cement, wood chips or saw dust, which
should not exceed 15 % by weight, water and additives. This mixture can be applied for building
interior and outer wall construction. The incorporation of PCM has two additional reasons: to
increase the thermal storage capacity and to get lighter and thinner wall elements with improved
thermal performance [12]. It was shown that PCMs can be combined with wood-lightweightconcrete and that the mechanical properties do not seem to change significantly. It has following
advantages:
• Thermal conductivity: λ between 0.15 and 0.75 W/m K
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• Noise insulation
• Mechanical properties: density between 600 and 1700 kg/m3
• Heat capacity cp within 0.39 to 0.48 kJ/kg K at ρ = 1300 kg/m3
• Density about 60-70% of the value of pure concrete (0.67 kJ/kg K at ρ = 2400 kg /m3)
4. 6. PCM Assisted under floor electric heating system
This system of under-floor heating system includes polystyrene insulation, electric
heaters, PCM, some wooden supporters, air layer and wood floor.

Schematic of electric heating system

The system has shape stabilized PCM plates. It is different from conventional PCM, it
can keep the shape unchanged during phase change process. Therefore, the PCM leakage
danger can be avoided. This system can charge heat by using cheap night time electricity and
discharge the heat stored at day time.

5. CONCLUSIONS
Due to increase in the energy consumption for buildings operation, a great challenge for
sustainable development issues has been created. Thermal energy storage systems present
promising way to achieve this goal. The latent heat storage systems with high density of thermal
storage via utilization of phase change materials (PCMs) enable to improve thermal comfort of
buildings and reduce daily temperature fluctuations of interior climate. The use of PCM leads
to a reduced need for peak generation capacity. Storage provides an alternative to the
construction and operation of new generation and reserve capacity. Using PCMs in an active
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system, where manmade heat or cold is stored, can also ensure more efficient use of renewable
and other off-peak generation. A supply of energy when demand is low can be stored for later
use when demand is high in a case where excess heat, which will be used for electricity
generation, needs to be stored, PCMs would be a more effective storage application compared
to several other storage technologies. With widespread development of PCM technology, its
applications are also increasing in both, domestic and industrial utilization. Some of these
include conditioning of buildings, cooling of electrical and heat engines, cooling food,
beverages, milk, greenhouses, medical applications like – transportation of blood and hot-cold
therapies, waste heat recovery, heating and cooling water, incorporation into textiles for human
comfort, solar power plants, spacecraft thermal systems, etc.
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