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Abstract

The pressure drop of a packed bed thermal energy storage system with irregular shaped solid pellets and tank-to-
particle diameter ratio of 10.4 is investigated. The bed height to diameter ratio is 2. The particle sphericity is calculated
and used to compare pressure drop correlations to the measured values in the particle Reynolds number range of 353 < Re,
<5206.
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1. Introduction

A packed bed thermocline system is a promising thermal energy storage (TES) concept due to its single tank design and
employment of cheap and abundant storage media such as sand and rock. Laboratory-scale and pilot-scale packed bed
systems have been tested and used to develop empirical correlations and validate numerical models that describe fluid flow
and heat transfer within these systems. The models provide an avenue by which the parameters of a packed bed and their
influence on performance and thermal behaviour can be investigated.

Within packed bed systems, pressure drop pumping losses can be significant. Thus many studies focus on developing
pressure drop correlations which are based on key parameters that affect the transport properties of a system. These
parameters must be optimally chosen such that they minimize pressure losses without compromising heat transfer and
efficiency.

Nomenclature

. 2
A, surface area of particle, m

2
A, surface area of sphere, m
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d diameter of packed bed tank, m

D., equivalent particle diameter defined by Li and Ma [4], m

»  particle diameter, m

Dyy  Sauter diameter - equivalent particle diameter by specific surface, m
D, equivalent particle diameter by volume, m

f dimensionless friction factor

L  height of packed bed, m

Re,, hydraulic particle Reynolds number

Re, particle Reynolds number

U  superficial bed velocity, viz. average velocity in an empty tank, m/s
V,  volume of particle, m’

Greek letters

€ void fraction

AP pressure drop of packed bed, Pa

) dynamic viscosity of the fluid, kg/(m-s)

p  density of the fluid, kg/m®

U particle sphericity

Of the various pressure drop correlations that have been presented, the Ergun equation [1] is one of the most widely
adopted:
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where the coefficient 4 is 150 and B is 1.75.

In Ergun’s seminal publication, previous theories and equations on pressure loss through a bed were utilized in
conjunction with experimental data to establish the above relationship. The first term on the right-hand side represents
viscous energy losses that dominate during laminar flow and the second term accounts for kinetic losses that govern in the
turbulent regime. Experiments used in the development of the correlation included particles of various shapes such as
spheres, cylinders, tablets, and crushed solids. The only factors considered in the analysis were fluid flow rate, particle
diameter, fluid viscosity and density, and fractional void volume. The correlation should be valid for hydraulic particle
Reynolds numbers between 1 and 3000. The hydraulic particle Reynolds number differs from the particle Reynolds
number that is typically used, in that it has a dependence on the void fraction. The hydraulic particle Reynolds number and
particle Reynolds number are defined respectively as [2]:
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