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Introduction

In today’s society, energy storage is a necessity with
a clear importance for everyone. The energy storage
process is usually done at many times and in case of
its availability in order to meet the demand for energy
at high consumption times or its absence. The peak
energy consumption does not usually coincide with its
production time and these two do not necessarily occur
simultaneously. The task of energy storage systems
is indeed the extraction of energy from various
sources when abundant besides converting it into
forms of energy needed by applications in different
sectors, including facilities, industry, buildings, and
transportation when needed. Some energy sources like
fossil fuels may be employed to supply energy based
on customer demand; i.e., energy is easily stored if not
required; however, other sources like solar and wind
energy or the recycled energy should be collected
and stored until needed. Using energy storage has
several privileges, such as enhancing the influence
of renewable energy in society, followed by better
economic performance and environmental protection
[1]. Nowadays, researches on advanced materials and
thermal storage systems by phase change materials
are conducted in various fields [2,3]. Nevertheless,
no studies have been found on the impacts of pulsed
flow input on energy storage beds, and most research
in this field is in the field of pulsation-assisted
fluidization and flow hydrodynamics as well as heat
transfer coefficients between bed and surface particles.
In the hydrodynamics of pulsed flow beds, Khosravi

Accepted: July/10/2021

Bizhaem and Basirat Tabrizi [4] examined the effect
of frequency application on reducing the bed flow
velocity and regular bubble production in it. In the case
of heat transfer, Zhang and Koksal [5] examined the
effect of increased heat transfer coefficient in a pulsed
bed on solid particles like silica and glass in a vertical
cylindrical bed. Moreover, the increasing effect of
applying frequency on the inlet gas flow on the heat
transfer coefficient of fluidized beds for rectangular and
conical beds for biomass particles has been reported
by Jia D. et al. [6]. Furthermore, Molerus and Wirth [ 7]
presented heat transfer equations in various fluidized
beds and flow regimes through reviewing numerous
papers and researches. In general, these equations
cover bubbly fluidized beds, besides circulating
fluidized beds and homogeneous multiphase systems.
Moreover, their research considers common forms of
solid-gas systems with higher Reynolds numbers in
addition to explaining the heat transfer of particles to
gas in compacted beds and providing a solid physical
basis for modeling the heat transfer of bubbly fluidized
beds. Furthermore, it specifically discusses the two
main mechanisms of heat transfer at low temperatures,
i.e. particle convection flow and gas convection flow.
The current study assesses the performance of a
fluidized bed at the presence of sand in storing energy
with the input gas flow in a pulsed manner in order
to examine the effects of input gas frequency change
on the thermal energy storage efficiency; a point not
explored in previous studies and is the main objective
of the present study.
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Materials and Methods
Theory of Energy Storage in Fluidized Beds

Particle convection flow and gas convection flow refer
to the two fundamental mechanisms of heat transfer in
fluidized beds and they affect the changes in bed particle
temperature. The fluidization of the bed was performed
at the apparent velocity of gas u that is greater than the
minimum fluidization velocity. Equation 1 defines the
energy bed storage factor (BSF), showing the amount of
energy stored in the bed relative to the maximum energy
that can be stored in the system over the process of heat
transfer from the carrier gas to the particles. Simplification
of this equation leads to a dimensionless number 0b [8]:
mscs(l"b—Ti) _ gb_Ti) :9,, (1)
me, (T wax —=T,) (T wax =T,)

Here, T stands for the inlet air temperature of 60
°C. As the next variables, Tb shows the temperature
of the solid particles