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ABSTRACT

The energy spent to maintain comfort conditions for heating or cooling requirement may reach up to 37% of
the total energy use in India.

Thermal energy storage (TES) system stores heat and cold energy during off peak period for the use at peak
period. The usage of TES system reduces the capacity of heating and cooling requirement and also it reduces total
capital and operating cost. TES system consists of phase change material. The phase change materials have low
thermal conductivity and it is in the range of 0.2W/m-K and 0.7W/m-K .Due to this property, it has certain difficulties
while charging and discharging. Hence the energy spent for charging TES increases. The other difficulties are related
with PCM based TES are phase separation, sub cooling, inflammability and corrosion. Thermal conductivity
improvement for the phase change materiel to be carried out for quick charging. It is being done by using nano
particles having highly thermal conductive properties such as graphite and aluminum powders and their stability to
be evaluated.

Based on energy and environmental aspects, control strategy for releasing of stored energy to be
implemented for better energy management.
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1. INTRODUCTION

Thermal Energy Storage (CTES) systems have gained popular in recent days. The overall energy spent to
maintain human comfort conditions for heating and cooling, may reach as high as 37% of the total energy use in
India.

Thermal Energy Storage (TES) allows storage of heat and cold during off peak period for use at peak period.
The usage of TES system reduces the capacity of heating and cooling requirement and also it reduces total capital
and operating cost. Better usage of TES system conserves the fossil fuel and reduces greenhouse gas (GHG)
emissions (Dincer, 2002).

This review paper gives overall idea on types of thermal energy storage systems, thermal conductivity

enhancement techniques and system evaluation.
Types of TES: There are three types of thermal energy storage system which are based on sensible heat storage,
latent heat storage and thermo-chemical storage. Latent heat storage system uses phase change materials (PCMs). It
high stores high density with small temperature swing. For an example, to store same amount of thermal energy, an
ice storage unit would require eight times less volume as compared to a typical water storage unit storing with 10°C
temperature change. The wide variety of PCMs’ phase change temperatures could be used for specific applications.
Types of PCM materials and their limitations: The phase change materials are inorganic (salt hydrates), organic
and eutectics. By considering building safety, inorganic salt hydrates are preferred over organic compounds due to
high thermal energy storage density, and non-flammable property.

The sub cooling is presented in inorganic materials and it occurs while lowering the nucleating temperature
than the solidification temperature. This can be limited by adding nucleating agents which facilitate the crystal
formations. The commonly used sub cooling agents are borax (sodium borate), sodium tetra borate.

The other difficulties in them are phase separation which can be overcome by adding gelling agents and a
few common gelling agents utilized are bentonite and cellulose.

Their corrosive nature put limitations in choosing the material for storage.

The organic based PCM materials are paraffin and acids. They have lower level of phase separation and not
affected by subcooling.

Organic materials have low thermal conductivity in the order of 0.2W/m-K and inorganic materials have
double to triple the thermal conductivity in the range of 0.4 to 0.6 W/m-K.

Eutectics are mixture of organic/inorganic materials and they have fixed phase change temperature.

Due to their lower thermal conductivity, it requires more charging time and consumption of electricity.
Future for TES: TES plays an important role in contributing the overall energy system efficiency improvement. It
provides better backup for the system against power failure. The storage also provides system optimization through
peak shaving and load shifting. The chargeable/dischargeable storage rate will determine the storage size. In order
to reach this goal, the following objectives are stated:
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e PCM based TES in real cooling applications, the desired properties of the storage in terms of storage
capacity, power and cost are to be evaluated.

e The techno-economic feasibility in implementing TES for peak shaving and load shifting ,environmental
protection ,improvement of the overall system efficiency, reducing capital and operating cost are to be
evaluated.

e The solution in GHG emission reduction and marginal fossil fuel based peak energy production decrease are
to be evaluated.

Main Challenges: The PCMs have relatively low thermal conductivity and its typical value ranges in between
0.2W/m-K and 0.7W/m-K (Hauer, 2006). This characteristic marks the low thermal performance of TES and creates
possible non-matching between supply and demand. Heat transfer improvement techniques for the PCMs are
important for quick charging and matching the supply and demand. The enhancement techniques are of many types,
examples in addition of Lessing rings, fixation of fins on tube-type heat exchanger, impregnation of PCM in high
conductive powders, notably graphite and aluminum.

Brownian motion of Nanoparticles: Keblinski proposed four possible mechanisms (Keblinski, 2005, 2013) during
thermal conductivity improvements. (a) Brownian Motion of nanoparticles; (b) liquid layering at liquid/particle
interface; (c) ballistic nature of heat transport in nanoparticles; (d) nanoparticle clustering in nanofluids. It is believed
that micro-convection induced by the Brownian motion of nanoparticles may be one of the main reasons for the
increase of nanofluid thermal conductivity. When a particle immersed in a fluid, it moves randomly due to the
interaction between the particle and its surrounding fluid molecules and this random motion is called “Brownian
motion”. The Brownian motion of large particles is negligibly small and when the size of particle is as small as
nanoparticles, the Brownian motion becomes significant. It has been observed that the thermal conductivity
enhancement in nanofluids increase substantially with increasing temperature and decreasing particle size. The
enhancement of thermal conductivity in nanofluids then comes from two contributions: static thermal conduction
and thermal convection caused by Brownian motion of nanoparticles.

Thermal Convection in Nanofluids: It should be noted that the enhancement in thermal conductivity alone is not
sufficient to prove that nano fluids have improved thermal transport properties and the performance of nano fluids
in convective environments is a stronger evidence to evaluate the nanofluids. Convection tests of nanofluid were
firstly conducted in turbulent forced convective conditions. Eastman (1999) reported a >15% increase in heat transfer
coefficient in 0.9 vol. % CuO-in-water nanofluids compared to that of pure water without nanoparticles. Xuan and
Li (2003) and Xuan and Roetzel (2000), prepared water based nanofluids containing Cu nanoparticles and measured
the convective heat transfer coefficient. It was found that the addition of small amount (< 2 vol. %) of nanoparticles
greatly improves the convective heat transfer in water within a Reynolds number range between 10,000 and 25,000.
The Nusselt number of nanofluids containing 2 vol.% Cu nanoparticles shows a >39% increase compared to that of
pure distilled water. The Nusselt number of water-based nanofluids increases with the increasing particle loading
and Reynolds number. The increased viscosity of nanofluids may have negative effect on convective heat transfer,
for example, Pak and Cho (1998) found the convective heat transfer coefficient of water-based nanofluids containing
3 vol.% Al,O3 and TiO, was reduced by 12% compared to that of pure water. Khanafer (2003), showed enhancement
of heat transfer coefficient of natural convection in nanofluids containing Cu nanoparticles. Xuan and Roetzel (2000),
have mentioned that thermal dispersion was a major mechanism of heat transfer in flowing nanofluid, similar to the
thermal conductivity enhancement of “static” nanofluids.

Stability of Nanofluids: Although the stability of nanofluid is very important in order for practical application, the
data of is limited on estimating the stability of nanofluids. UV-Vis spectrophotometry has been used to quantitatively
determine the colloidal stability of the dispersions (Jiang, 2003). Another method for the estimation of the stability
of nanofluids is to measure the volume of sediment vs. the sediment time. In this research, the stability of nanofluids
is investigated through visual check. A vial of nanofluid sample is mounted onto a horizontal and stable surface;
after a pre-set period of time, the liquid is carefully decanted, and the volume of the sediment is estimated. Due to
the advanced dispersion technique used in preparation process and the addition of steric or ionic surfactants,
nanofluids can keep stable for months without visible sediment.

The viscosity of nanofluids is an important indication to evaluate the thermal transport properties of the
nanofluids. The viscosity of nanofluids will be measured with a Brookfield DV-1 prime viscometer. Kalaiselvam
(2009), had done experimental and analytical investigation of solidification and melting characteristics of PCMs
inside cylindrical encapsulation.

They have used the following analytical models for getting solution for solidification and melting.
Solidification: Model 1: conduction and heat generation.

Model 2: conduction.
Melting: Model 1: conduction and heat generation.
Model 2: conduction
Model 3: conduction, convection and heat generation.
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2. CONCLUSIONS AND DISCUSSIONS
The overall objective of this review paper is to shed light and provide novel knowledge in the field of thermal
energy storage in terms of:
e Meticulous material characterization towards application.
e Advanced knowhow in design of technically and economically robust storage systems for integration to the
environment, and
e Potential analysis on sustainable development contribution, e.g. GHG emission reduction through peak
saving and load shifting.
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