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Abstract: This study compares the transient temperature responses of steel slag, desert
sand, and bauxite in a thermal storage apparatus comprising electric heating, particle-filled
tubes, and closed-loop air circulation. Measured temperature histories were analyzed for
nominal initial temperatures of 400—800°C and tube inner diameters of 28 and 45 mm. A fixed
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reference temperature of 50°C was used to distinguish three quantities: the characteristic
cooling time to this temperature, the first time at which a prescribed low cooling rate persisted
for 10 min, and the useful-discharge endpoint defined by the temperature and heat delivery
requirements of the load. Reference-based time factors, logarithmic discharge progress, and
equivalent heat transfer coefficients were calculated using a lumped energy relation.
Composite scores and weight sensitivity were evaluated over common measured temperature
intervals with drops of 100 and 200 K. All comparisons used the same material density and
specific heat values within a constant-property approximation. Packed masses were
estimated from the cylindrical filling volume, and the reference heat transfer area was the
inner lateral tube surface. The calculation intervals were selected from the measured
temperature ranges shared by all three materials, without extrapolating the data to nominal
starting temperatures that were not reached. Linear interpolation determined the times at
which the interval boundaries were crossed. Each indicator was normalized by the range
across the three materials within the same condition. Pairwise score intersections then
identified the weights at which the material ordering changed. At a nominal initial temperature
of 800°C, reducing the tube diameter from 45 to 28 mm shortened the cooling time to 50°C by
13.75% for steel slag, 12.64% for desert sand, and 4.11% for bauxite. Across the paired
comparisons over common temperature intervals, the smaller tubes increased the interval-
average cooling rate by 15.3%—84.1%. However, the corresponding sensible heat release
flux based on the inner lateral tube area changed by -28.3% to 14.5%, showing no universal
decrease. For the 45 mm tubes at nominal 800°C, the cooling-rate peaks of steel slag, desert
sand, and bauxite occurred at logarithmic progress values of approximately 0.071, 0.083, and
0.057, respectively. Different initial temperatures did not produce a consistent ordering of the
equivalent heat transfer response throughout discharge. Steel slag received the highest
composite score in all selected comparisons when the persistence weights were 0.70 for the
100 K intervals and 0.40 for the 200 K intervals. Nevertheless, the leading material changed
with the evaluation weight in some conditions. The rate threshold and calculation interval also
affected the low-rate criterion time. These results describe temperature-based response
indicators under explicitly stated reference and geometric assumptions. They distinguish such
indicators from useful heat delivery to a load and provide a reproducible basis for comparing
materials and tube configurations within the tested apparatus.

Keywords: electric thermal energy storage; solid particle thermal storage; dynamic heat

release; time factor; equivalent overall heat transfer coefficient
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Experimental setup: (a) Physical model;
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Fig. 2 Schematic of the system flow and
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(b) Geometry and sensors
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Table 1 Thermophysical properties of the materials

M FERRS ol(kg/m?) ¢,/[V/(kg-K)] MW/(m-K)]
A Ca0. SiO,. Fe,0,. ALO, 1740 950 1.2~1.8
YD Si0, I &b E ALO,. Fe,0, 1464 830 0.25~0.40
Lt ALO,. SiO, 1317 730 1.0~1.5

(b) (c)
E5 fEAMKIIYIE: (a) IRIEBAL; (b) IRV ERL;
(c) $RHA LBk
Fig. 5 Photographs of the thermal storage materials:
(a) Steel slag particles; (b) Desert sand particles;
(c) Bauxite particles
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Fig. 6 Temperature decay curves of particle beds at
different initial temperatures (28 mm): (a) Steel slag;
(b) Desert sand; (c) Bauxite
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(a) 40000 __400°C — 500°C — Steel slag — Desert sand
— 600°C — 700°C — Bauxite
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Fig. 8 Cooling rate versus logarithmic progress at
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