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Normalized Dynamic Characterization and Application of Multiple Heat
Storage Materials Based on Standard Thermal Resistance

HAO Junhong, WU Xuefeng, ZHANG Shining, TIAN Liang, GE Zhihua
( School of Energy Power and Mechanical Engineering,
North China Electric Power University, Beiijng 102206, P.R.China )

Abstract: Based on the standard thermal resistance and the heat current method, the transient heat transfer thermal
resistance between the heat storage material and the heat transfer fluid was deduced. With the analog circuit analysis
method, the transient heat current model and dynamic response time constants of heat storage-heat exchange processes were
obtained. Based on this model, the node temperature was introduced for refining the heat transfer thermal resistance, and the
transient heat current model for the 3rd-order circuit coupled with the heat storage and heat transfer processes was obtained.
Numerical simulation verification and application comparison indicate that, the normalized dynamic model based on
multiple time constants is feasible to characterize the dynamic characteristics of heat storage materials, and can directly
compare and analyze different heat exchange and heat storage materials. The case study shows that, for the heat exchange
with solid heat storage materials, the liquid metal has better dynamic heat exchange capacity than the molten salt, while for

the heat exchange with ceramic materials, the air reaches the steady state faster than water vapor and CO,.
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Fig. 1 The dynamic heat transfer model for heat storage materials
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Fig. 3 The layering diagram for the thermal storage materials
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Fig. 4 The transient heat flow model for the 3rd-order circuit
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Table I Simulation verification settings

simulation hqt T, i/K Vil (m's™) cold fluid T./K Ve il (m's ™) material élem
number fluid "
1 water 350 2 water 300 1 CaCO, 15
2 water 340 2 benzene 300 1 CaO 10
3 water 360 3 benzene 300 1 CaS0O, 10
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Fig. 5 Comparison between transient heat flow models and simulation results: (a) simulation 1; (b) simulation 2; (c) simulation 3
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Table 2 Time constants

simulation number T, /s T /s 7./s
1 1323.27 1997.37 1323.40
2 758.55 962.79 758.55

3 3047.15 422293 3047.15
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Table 3 Physical properties and heating time constants of the thermal fluid in 3 cases

case p/(kg/m®) ¢, /(Ikg K™ A/(W-m K" 7 /(s)
1 1 000 4180 0.6 1 060.40
2 800 2 700 0.4 1148.27
3 2000 3600 0.5 953.58
v nnw
320t tt"" - case | |
‘j‘ case 2
& case 3
£ 7
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Y|
300 £ . s \ .
0 4 000 y 8 000
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Fig. 6 Calculation results of the 3rd-order circuit transient heat flux model in 3 cases
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Table 4 Physical parameters of heat exchanger fluids'

WA P A, A s 1]

271

fluid p /(kg/m®) ¢, (kg K™ A/W-m K™ v/(m’/s)
liquid lithium 480 2016 53 7.4x10°
liquid sodium 830 1045 66 2.9x10°

KF-ZrF, 2 800 3 444 0.55 1.82x10°

HTS 1877 2777 0.59 2.26x10°

K5 AEASIEESHE

Table 5 Physical parameters of heat storage materials”™

heat sto.rage density3 ¢, /(kg K thermal cor{(liucfilvity
material p /(kg/m’) A/(Wm -K™)
silicon refractory brick 1820 1 000 1.5
magnesia refractory brick 3000 1150 5
reinforced concrete 2200 850 1.5
cast iron 7200 560 37
cast steel 7 800 600 40
6 MITRIE R (R )
Table 6 Heating time constants (unit: s)
liquid lithium liquid sodium KF-ZrF, salt HTS salt
silicon refractory brick 98.46 99.67 106.33 108.29
magnesia refractory brick 63.66 64.68 65.50 66.32
reinforced concrete 98.96 100.58 108.95 109.25
cast iron 18.69 18.47 18.92 19.06
cast steel 21.12 21.02 21.19 21.36
T T ‘ T T 312 T T T T T
liquid lithium liquid lithium
304 —— liquid sodium L t - liquid sodium g
+ KF-ZrF, salt A + KF-ZrF, salt
HTS salt .,n:f' 308+ . _
N I P 1
~ ,-ee' ~ o 4
£ A g
&~ 3021 1 &
g 304} ]
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Fig. 7 Temperature rises of intermediate surfaces of thermal storage materials in different heat exchange fluids: (a) silicon refractory bricks; (b) magnesia

refractory bricks; (c) reinforced concrete; (d) cast iron; (e) cast steel
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Table 7 Physical parameters of ceramic heat storage materials™”

ceramic material o /(kg/m®) ¢, /(J kg 'K A/(W-m"K™)
quartz 2300 1140 11.5
silicon carbide 3100 1170 65.4
corundum 3200 1400 22
®8 miRAYHESH
Table 8 Physical parameters of high temperature gases™"!
gas p /(kg/m®) [N /Jkg K™ A/(W-m K™ v/(m’/s)
CO, 1.343 942 0.0251 1.466x107
air 0.524 1068 0.0521 6.309x10’
water vapor 0.5549 2 009 0.027 2.392x10’
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Table 9 Heating time constants (unit: s)

CO, air water vapor
quartz 298.31 292.28 296.26
silicon carbide 86.89 86.40 86.89
corundum 1638.53 1634.24 1640.83
T 460 : T T
320 - CO - CO - CO .
. air . air 3;;1" 360F . air e
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Fig. 8 Temperature rises of ceramic material intermediate surfaces under different heat exchange fluids: (a) quartz; (b) silicon carbide; (c) corundum
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