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Cold Thermal Energy Storage Characteristics of Spherical PCM Capsule
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Abstract

The freezing characteristics of two kinds of phase change materials (PCM) encapsulated in a spherical container were
investigated with various cooling air temperatures and velocities. The super cooling and solidification time of PCM were
highly affected by cooling air temperature and velocity. The experimental equations are derived to express total
solidification time of the PCM in terms of Nusselt number and dimensionless temperature.
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Fig. 1 Diagram of experimental setup.
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Fig. 2 Variation of center temperature of S; PCM capsule with time
by natural convection cooling.
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Fig. 3 Variation of center temperature of S PCM capsule with time
by natural convection cooling.
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Fig. 4 Variation of center temperature of S; PCM capsule with time
by forced air cooling (V=17 m/s).
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Fig. 5 Variation of center temperature of S, PCM capsule with time
by forced air cooling (V=2.2 m/s).

W ¥Zt37) 7459 9%

Si PCME FU% FaS F737]9 258 88CE 1
Aota, 52 HsAIY S9N W] < o] pPeM
25TH3E 79 6o UERQITH

WZbE7] F48 0.7 misE FE dE= o] A2 £ 46
o PCM&] 257} st LE7H4] 708 $of 1288
FdEo] o|FojR). WAF7] T4 1.1 msE P
= &0l AIZHE 3 363 ol PCM O] 257} A3}
7HA] SR Fofl 80 Bt AL FPo] o] FojHith
7] F55 1.7 w/sE g dis S0 AlFE £ 34F
ko] PCMS] 57} 4PR3 2271A] s17kd £ 418 Z9t
T Fdo] o] FoRk ¥AF7] TE5L 22 misE P2
= 40| Aj2E T 31 vl PCMY] 257} A3 2%
7R 7R el 198 53 FH o] o) FojZit) AlEH
A el FEAL vepdA] ggton WZhyrle] 45
7R whel Fdoll AQEE 7R Zobgth

rE.

Q

=

-

N oot ot A
R

ol

=]



S; PCM S FU¢t fHag F437|9 255 50CR 11
sl F42 W3ATIH F9YA W) s el pCmel
LEHEE 1% 7o) JeERI

WzbE7] 4807 misE P& wE o] A%k %‘i
E ulo] pcM 9] 257} ABAst LE7H4] P Fe 36
Fok FhdEYo] ojFoFh WATT] F55 LI misE F
= Zuo] AlZkgl & 315 ghofl pPCMO] 257} AW st
LE7HA] R Fof 2828 B FYEFo] o]FojFlth
Wztg7] 458 1.7 msE g s F3do] AgE F 188
ghol] PCM O] 2527} st LE7k] sPtE Fof 2188
Qb AdZgo] oot WHET] F45E 2.2 misE R
= o] A2k & 158 vl pPCMO] 257 *P%} &
E7HA] 7R Tl 1538 Bt 7 FYo] o]FoiFitk Al

9} Ueln Shazke Lk shgkor] BAE1e B

e & 3

tlo

10 OFT He

& ZT 2} 3] £k A Folplth
15
10
e
2 5
g
a o
£
8
-5
22 17 11 0.7m/s
-10
0 100 200 300 400

Elapsed Time, min.

Fig. 6 Variation of center temperature of S; PCM capsule with time
by forced air cooling (air temp.=-8.8C).
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Fig. 7 Variation of center temperature of S; PCM capsule with time
for forced air cooling (air temp. = -5.0C).
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