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Introduction Ho AH

Background and Motivation (I) CO,
CaCO, —A> CaO Ca(OH),
Thermochemical energy storage (Ca0/Ca(0OH),):
» high energy density in storage material [1] H,0
« reaction temperature at 400 — 600 °C AgH
— ideal for industrial heat and power plant applications Charged
- storage time (theoretically) unlimited Discharged
. decoupling of Capacity and power possible [2] Principle of thermochemical energy storage with CaO/Ca(OH),.

« continuous fluidized bed
— high heat and mass transfer rates
— simple transport of solids

e N
Challenges: Sy
« during cyclization, particle breakage has been reported [3-5] |
— ultimately Geldart C : \_'
) o Cyclization
« reactor performance influenced by wall-to-bed heat transfer coefficient .
— degradation with increased storage cycles Qualitative representation of particle degradation/breakage.
N J Pictures for visualization only.

Chair of Energy Systems | FBC24 | Talebi, Elija



Introduction

Background and Motivation (I1)

Approach [5]:
Mitigate negative effects from particle breakage by replacement of fines every X cycles
— remove fines from filter, add initial material (make-up)

Initial: 0.5 cycles, make-up after 5.5, 10.5, 20.5, 30.5 and 40.5 cycles
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Material Recreation

Approach

Goal:

Approach:
focus on entire particle size distribution
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Material Recreation

Results
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Heat Transfer Measurements

Setup and method

Fluidization test rig:

« glass cylinder — 140 mm inner diameter
* fluidization medium: air

« superficial gas velocity u,: < 36 cm/s

« temperature: 20-30 °C

Measurement equipment:

« heat transfer/flux probe (20 mm outer diameter)

- U1
Aurp (THTP-TFB)

« differential pressure taps
windbox, fluidized bed (3), freeboard

— every combination possible
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heat transfer probe

Pt100 (Trg)

,_\/' ) - ——— ¥

Fluidization test rig with heat transfer probe

copper cylinder

Tyrp heating cartridge

Schematic design of an overall-perimeter heat transfer probe (adapted from [6,7])



SMD and measure of PSD width
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SMD given as patrticle size in legend

Measured heat transfer coefficients vs. superficial gas velocity for recreated materials,



Summary & Outlook

« recreation of particle size distributions obtained from thermochemical energy storage cyclization experiments
— successful

« measurement of wall-to-bed heat transfer coefficient in ambient fluidization test rig with heat flux probe
— defluidization effects with excessive amount of fines and very broad particle size distributions

— max. heat transfer coefficient similar for fluidizable particle size distributions

* increasing superficial gas velocity may be beneficial to overcome defluidization effects

* repetition of experiments with storage materials at elevated temperatures
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