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Experimental Study of Latent Heat Thermal Energy Storage
System Unit Packed with Spherical Capsule
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ABSTRACT : An experimental on the transient thermal performance of latent heat thermal energy
storage(LHTES) unit employing spherical capsules was carried out. The LHTES system has been
considered to be very promising in improving the coefficient of performance(COP) of energy
systems because various heat sources including solar thermal, wind, sky radiation cooling,
underground thermal and waste energies can be efficiently stored with them. The present paper
mainly reports the results of experiments on the charging(melting) thermal performance of the
LHTES unit packed with spherical capsules containing n-octadecane up as the phase change
materials(PCM). The overall response of this LHTES unit was examined while varying the capsule
diameter, the flow rate of the heal transfer fluid, the inlet temperature, and the size of the storage
unit. Furthermore, a comparison of the thermal performance between the charging and
discharging(solidification) process has been made. The spherical capsule type LHTES unit has
several advantage e.g. high transfer rate and ease of installing into existing reservoirs. The present
data can be rigorously utilized for designing the efficient LHTES systems. The experimental results
will also compared with theory.
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Fig.2 Tank of a latent heat thermal energy storage

LYol FHFAGE olgdlM At £, 2dx] 4% ALY EHA
IR BY A3 gzd HEolE wloldla 425 MY, AW 2AZ A
n-octadecaned °l§FH FE olf I BERL §Hol AL i, Bde) mmA 2
i, & gt BN Hayde o EAXE F G Q) wEe Ao o] gy} =
¥ EAAE Table 19] JELHYT.

- 220 -



Stage
Number]
6th Spherical
Capsule
5th
4th
3rd
S
z A
Ve
1st P”‘l“.'
z=0 - - N
Flow Velocity u
Metal f ? Temperature Tin -
Screen Working
Fluid Flow

Fig.3 Spherical capsule bed configuration

Table 1 Physical property of n—octadecane

Property Symbol| Unit Value
Thermal diffusivity a m?/s 8.877 x 1078
Specific heat Cpl kJ/(kg-K)| 2.197
Latent heat L kl/kg 243.5
Melting point T °C 28.0
Volumetric expan-
tion coefficient A /K 0-0008
Thermal conducti- by W/(mK)| 0.150 ,

vity of liquid

Thermal conducti- A W/(mK)| 0.210

vity of solid

Kinematic viscocity v m?/s 4.663 x 107°
Density of liquid P kg/m?® 773
Density of solid Ps kg/m? 814

.43y
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Table 2 Experimental conditions

. . Spherical | Spherical
\?’orkmg :hud Flow rate| capsule | capsule
emperature diameter | thickness
(°C) (¢/min) | (mm) (mm)
35,40, 0.3,0.7, 20, 30 1.2 (d=20)
45,50 1.0,1.2 1.5 (d=30)
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Fig.4 Real time variation of outer wall temperature of spherical capsule
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Fig.5 Real time variation of outer wall temperature of spherical capsule
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Fig.9 Time variation of stored heat with varying inlet temperature
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