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G, Specific heat Jkg/K

F Flow rate m’/s

(0] Quantity of heat J

T Temperature K

T, Ambient temperature

ATowin ~ Water temperature differential between
the inside and the outside of a reactor

V Volume m’

XU yiLs

0, Temperature of heat exchange fluid at
inlet of reactor K

p Density kg/m®

s =

HEX Heat exchanger

TC Thermocouple
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| Condensation Process ‘

CaCl, (s)+6H,0(g)
H:-2246 [kJ/mol]

CaCly(s) +6H,0 (1)

T, H:-2511 [kJ/mol]
AH': 264 kJ/mol

Heat release process

200~400°C

AH:345 kJ/mol
AH:81 kJ/mol

Dehydration process ‘

CaCly 6H,0 (1)
H: -2592[kJ/mol]
Fig. 1 Proposed hydration reaction cycle of CaCl,
with 6H,0O
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Fig. 3 Relation of CaCl,.aq with specific heat

and concentration versus temperature
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Fig. 5 Detailed drawing of a reactor
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B O AR 1T 650 rpm THERT S Z
LR RN O SOSEV A I L, FE4f L
72, RIGHEZRNICITER 3.18 mm, £ 1 m,
ME SUS304 OF =—7 bk DN 40 mm
D 3 A AR DB HaZZNIZ 20°C DK % it B
250 mL/min Tt L7z, BEcHags TEIIT L 7= 24
®iX, Fig.d TOIZTHY i) bz B fags D
A0 EHAIZEE L0 A4RRESTA TRl
ELZEENGEE L. HAY OREZEL,
BUSHAZRIIRA OISR E LI Rt O, 7
— 42— AT 1REICHE L. [BIEL
BII A DR E (Tin) & 1R (Toud O iR £ 74
AD) 8 0.1CLLF & 725 £ TOFHAIEAZ FHVT
KD BHRDT-.

dt

out—in

Q=J”FC PAT
o 7 ®)

3.2 EBREERE ORI AE

Z OHEEOBNENNEE S Z R 5 7201z, i
JE %28 % TR DB FEBR & 3 272 20C %
UL LA ORKOHEAREZ B ABR L E
#79%5. 6,=50C, 60°C, 70°C, 80°CDiEAK 200
ml & VT, ZOENEIEN D, B E %
KDz, BAKDOEIEE OB ABE IR 5 [EIY
BEOEBSZHEL L, FiREICOE 30|,
BRIV EREZ I o7, WABEEZRD D
A R@IRT

“)

ZOIRKDOBEA T AZE L L, ZiuTxd
LN ED A FH LT & 2 A, IR
F(X 93.6+3.5% CTdho7=. Table 1 12, ZDIEAK
B WA R OEIA 2R T

0=VCyp (8,,-293)

Tablel  Efficiency of heat exchange of hot water
Temperature of Heat-exchange
Hot water [C] efficiency[%]

50 93.6
50 95.6
50 96.4
60 94.5
60 94.8
60 91.2
70 95.2
70 92.0
70 93.3
80 90.3
80 932
80 93.6
Average heat-exchange
efficiency 93.6
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Fig. 9 Heat release temperature of

CaCl, hydration reaction
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Fig. 10 Advantage output versus aqueous solution

concentration during first 1 minute
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Table 2 The comparison of chemical storage and

hot water storage of CaCl,



Storgge First 1min outputaverage
density per devicesize
[kJ / L- [kJ/L-equipment]
equipment ]
CaCl, .aq 191 2.24
Hot water 136 1.31
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Fig. 11 Replayed heat recovered amount of CaCl,
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Fig. 12 XRD assay of fresh CaCl, and CaCl, after
50 cycles
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Fig. 13 Schematic drawing of the heat storage

system
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Study on Compact and High Power Storage System by Means of a Liquid-Solid
Reaction System using CaCl, and Water for a Motive Use

Ai NIWA™ Noriyuki KOBAYASHI"

*QGraduate School of Engineering, Nagoya University
(1 Furocho, Chikusa-ku, Nagoya, Aichi 464-0814)

Summary

In this study, we have developed a heat storage system, which is able to store waste heat and release it to
an appropriate heating equipment elsewhere, in order to improve utility of waste heat and thus reduce
environmental pollutants. The heat of solution of a solid-liquid reaction was adopted for the heat storage system.
In this system, the reactant was also used as heat transfer medium and being sent to heating parts. Therefore, the
evaporator that has been used in conventional chemical heat storage can be omitted to reduce the device size
and for motive use. The heat value, heat release rate and cyclic performance of CaCl,/H,O system were
measured. The results indicated that the heat of solution was proportional to the mass concentration as far as the
reaction reached its saturation solubility under ambient temperature. In addition, the heat value per unit mass
was higher at lower concentration than that at higher concentration. During the first 1 minute, the heat output of
5.06kW/L- H,O was obtained for CaCl, (s) /H,O (1) when the reaction reached its saturated solubility. It was
found no degradation in chemical composition after 50 times of cyclic operation.

Keywords: Thermal storage, Thermo physical property, Energy saving, CaCl,, Solid-Liquid reaction





