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Study on Exothermic Characteristics of Basalt Fiber Cloth Mobile Heat Storage
Box under High Temperature Heat Storage Condition

TAN Jun-hao, WANG Jun
(College of Energy and Environment, Southeast University , Nanjing, China, Post Code:210096 )

Abstract: A heat storage box with basalt fiber cloth as heat storage material was designed. The heat ex-
change rate and heat storage density were improved by inserting arrangement. The optimal heat storage
temperature was determined by exergy analysis,and then the exothermic time, exothermic power and exo-
thermic efficiency under different flow rates and inlet temperatures were analyzed to study the exothermic
characteristics of basalt fiber cloth heat storage box. The research shows that under the condition of high-
temperature heat storage ,the maximum output work per kilogram of air will increase by about 0.5 kJ/k,
the exergy loss will be 81 kJ/kg to 151 kJ/kg, and the exergy efficiency will be in range of 82% to 85% .
600 C is selected as the reference heat storage temperature; the exothermic cases under five flow rates
are analyzed ,with the increase of inlet flow rate,the effective exothermic time decreases from 191.4 min
to 23.7 min,the exothermic power increases from 344.2 kW to 2 749.7 kW ,and the exothermic efficien-

cy decreases from 96. 2% to 93. 6% ; the exothermic cases under the four inlet temperatures are ana-
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lyzed ,the difference of exothermic time of heat storage box is within 60 s,the exothermic power is within
2 709 kW to 3 103 kW ,and the average exothermic efficiency is 93.4%.
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Tab. 1 Thermophysical parameters of basalt fiber bundle

WEE/C /K- (kg - K) ' SEB/W-(m - K) 7!
100 0.867 1.401
200 0.957 1.404
300 1.033 1.409
400 1.077 1.413
500 1.107 1.416
600 1.127 1.419
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Fig. 1 Basalt fiber cloth heat storage box model
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Fig.2 Schematic diagram of partial flow channel
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Fig.3 Model effectiveness validation
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Fig. 4 Exergy value and heat storage density at outlet

under different heat storage temperatures
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Fig. 5 Exergy loss and efficiency of heat transfer

under different temperatures
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Tab. 2 Exothermic time of heat storage tank

at different flow rates

ABG#/m - s~ REHEAR ] /min - AU ]/ min
0.5 170.0 191.4
1 82.5 95.5
2 40.1 47.6
3 26.2 31.7
4 19.4 23.7
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Fig. 6 Duration curves of exothermic power

and efficiency at different flow rates
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Fig. 7 Duration curves of maximum temperature

difference between air and solid at different flow rates
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under different inlet temperatures
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Fig. 9 Duration curves of exothermic power and

efficiency under different inlet temperatures

10 SAARTRLA IR BE T 90 i e R 22 1 A 1k
Mk, & 10 AI%n, EARA FHREEA 22 70 K, {H &
FRAE 2 AR B, T LATA R 73 PN 1 5 401 150
RO R L Rl SR N IO R A TTR NS - L B = e 2]
(iR 25 F KA LT Rl B H BEZE 1400 s 247, AH
T IR AE T LT AN 52 M 5 AR (4 PG IR X
I S AFE T PR BT 1) 38 Iy AR A

30 — 243K
--273K
.- 298K

25 —=323K

20

15

TERZ/K

10 |-

1 | | | |
0 500 1000 1500 2000 2500 3000 3500
B} 1) /s

B10 ARANOBRETRERKERENTL L
Fig. 10 Duration curves of maximum temperature difference

between air and solid under different temperatures

38 ®

-

Xt i 21 S A IR R BT T O



552 M

PRAREE, %, LR BT A R B R

NI

L B R T B AR PRI T

- 117 -

MR, AR R 3 AR T X A [R) 300 2 A0 7L 1)
JCAPEREEST T BUE BRI 5E 15 B LA R 4518

(1) FEEREMRFMT, BT s e
BRIEEL 0.5 kI/K, MR FE 81 ~ 151 k)/kg,
ORGP 82% ~85% .,

(2) TEA I JREAS W KA B0, AR08
FFTE] AN 191, 4 min FEAR 3] 23. 7 min, BT M
344.2 kW B4 HNF] 2 749. 7 kW, BN 96. 2%
B3 93. 6% ., R, & FAHE MR 0 1 A 2R m] LR
PEASTR) Ty 23 A (] e B0 B 0] 45 22 HL A 25000 #4 RE
HER

(3) 4 P AR ZMT , KA 4 42 &
FE RS A RO TR ) 22 BRI 7E 60 s N, FRUE A
RN ZRAE 2 709 ~3 103 kW Z J8], B AR IL
A 220, B SCR N 93. 4%, HIE, X
FrET Y R A 0 IS 3 N PR iR, HL PR RE T L —
BHRFRRRE

S Xk

[1] LIU Ming,SAMAN W ,BRUNO F. Review on storage materials and
thermal performance enhancement techniques for high temperature
phase change thermal storage systems [ J] Renewable and Sustain-
able Energy Reviews,2012,16(4) ;2118 -2132.

[2] McKENNA P,TURNER W J N,FINN D P. Thermal energy storage
using phase change material; analysis of partial tank charging and
discharging on system performance in a building cooling application
[1]. Applied Thermal Engineering,2021,198 :117437.

[3] INEEE, EEN, 2 0, 5%.350 MW #ilE AL T 78R

I Sf s b BERAR ST IR MERE T [ 7] AL Ty R 227
e ( ASRBIEAIR) ,2022,49(6) 136 —44.
SUN Bo-zhao, WANG Chun-bo, LI Song, et al. Performance analy-
sis of cogeneration in industrial heating system with adjustable
steam ejector for 350 MW supercritical unit[ J]. Journal of North
China Electric Power University ( Natural Science Edition) ,2022,
49(6) :36 —44.

[4] REDDY K S,PRADEEP N. Stability analysis of the thermocline
thermal energy storage system during high flow rates for solar
process heating applications [ J ]. Solar Energy, 2021, 226
40 -53.

[5] PINCEMIN S,OLIVES R,PY X, et al. Highly conductive compos-
ites made of phase change materials and graphite for thermal sto-
rage[ J]. Solar Energy Materials and Solar Cells,2008,92(6) :
603 -613.

[6] ZHU Yan-long, WANG De-xin, LI Peng-yan, et al. Optimization of

(8]

[10]

[11]

[12]

[13]

[14]

[15]

exergy efficiency of a cascaded packed bed containing variable di-
ameter particles [ J ]. Applied Thermal Engineering, 2021,
188:116680.

TEASRAIEL)]. TTFAEREIR,2021,39(8) 11045 - 1050.
WANG Jian-hui, WANG Yan-bo, SUN Zhen-feng, et al. Experi-
mental study on cross-season heat storage of energy tower-buried
pipe composite source heat pump system [ J]. Renewable Energy
Rseources,2021,39(8) :1045 - 1050.
RGN, BB AL T HABIHT | 2255 1G04 B Sl LI ) g
WRFE[ D], KA MR, 2012,
GENG Jin-zhou. Research on the interaction mechanism and meas-
urement of technological standardization, technological innovation
and economic growth [ D] Changchun: Jilin University,2012.
DING Yu-xing, OLUMAYEGUN O, CHAI Yue, et al. Simulation,
energy and exergy analysis of compressed air energy storage inte-
grated with organic Rankine cycle and single effect absorption re-
frigeration for trigeneration application [ J ]. Fuel, 2022,
317.123291.
CHEN Xing-fen,ZHANG Yun-sheng, HUI D, et al. Study of melt-
ing properties of basalt based on their mineral components|[]J].
Composites, Part B : Engineering,2017,116:53 - 60.
LIU Meng-yong, XIA Jian-xun, LIANG Yong, et al. Prepara-
tion and characterization of continuous basalt fibre with high ten-
sile strength [ J]. Ceramics International ,2021,47 (9) . 12410 -
12415.
LIU Jian-xun, YANG Jian-ping, CHEN Mei-rong, et al. Effect of
Si0, , Al, 05 on heat resistance of basalt fiber[ J]. Thermochimica
Acta,2018,660:56 - 60.
WO IR 2RISR, AF. MG P BONAL IR FE R (M)
BURFPERBTIE[ T]. SARES Ty TR ,2017,32(1) .31 - 37.
HUANG Hao, SUN Zhi-jian, LI Peng-cheng, et al. Study on the
influence of porosity on exergy loss characteristics of regenerative
corrugated plate [ J]. Journal of Engineering for Thermal Energy
and Power,2017,32 (1) .31 -37.
ANDREOZZI A ,BUONOMO B,PASQUA A D,et al. Heat trans-
fer behaviors of parallel plate systems in sensible thermal energy
storage[ J]. Energy Procedia,2017,126.107 - 114.
XU, R, ST, A KR T A O iR
RS RR A [ 1], SR 40,2017 ,41(4) 323 - 328.
LIU Jian-xun, CUI Ying, YANG Jian-ping, et al. Effects of basalt
components and minerals on its high temperature melting process

[J] Journal of Yanshan University,2017 ,41 (4) :323 —328.
(£2TH %)



