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Abstract

This study presents experimental and numerical results of the temperature characteristics, the
heat transfer phenomema, and the heat storage quantity during the heat storage process with
sodium phyrophosphate decahydrate(Nas«P2O7 - 10H20)-Phase Change Material(PCM) in a
latent heat storage tank(cubic type).

It was proved that heat transfer by conduction was dominant because PCM(NasP:07 -
10H20) during heating processes was gel phase, not liquid phase

The gap ratio(rate of air content) of PCM became smaller, the thermal capacity of PCM
became larger, therefore the temperature distribution of PCM slowly increased than that of
large gap ratio.

There was maximum 15% difference between measured températures and calculated

temperatures.
Nomenclature t : Time coordinate [min.]
X’ : Coordinate measured horizontally
C : Specific heat of the mixture from the left-vertical wall of the
[k/kg - C] rectangular test section [m]
Cp : Constant pressure specific heat of X” : Dimensionless horizontal coordinate,
water [kJ/kg - C] X’/ L
E : Energy stored in PCM [kJ Y’ : Coordinate measured vertically from
Eo : Total energy stored in PCM [kJ} the bottom of the rectangular test
He : Height of PCM(NasP:07 - 10H20) section (m]
for rectangular test section [m] Y” : Dimensionless vertical coordinate,
L : Half width of rectangular test section Y/ L
[m] V : Molten volume of PCM [m?]
T : Temperature [c] Vo : Total volume of PCM
Te. : Cooling temperature of heat transfer
fluid [C] Greek symbols
Tr : Heating temperature of heat transfer
fluid C] a . Thermal diffusivity
T : Initial temperature of PCM [T ¢ : The volume ratio of air to PCM in
Tm : Melting temperature C mixture
T: : Heat source temperature for p Density
rectangular test section [C] A Latent heat of fusion
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7+ . Dimensionless time, a - t/L>

@ : Dimensionless temperature, (T-Ti)/
(Ts'Ti)

Abbreviation

PCM Phase Change Material

Dimensionless Group

Ste  Stefan number, C - (Ts-T) [ A

Fo  Fourier number, a - t/L>
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1. High temperature water chamber §. Refrigerator 9. Data acquisition
2. Mid. temperature water chamber 6. Flow meter system

3. Low temperature water chamber 7. Test section 0. Control box

4. Heat exchange chamber 8. Pump 11. Solenoid valve

Fig. 1 Schematic diagram of experimental

apparatus.
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Fig. 2 Details of test section.(front view)
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Table 1. Thermophysical properties - of
NasP:07 - 10H0!12
Melting temp. Density Specific " Latent
PCM (Tm) (p) heat (Cp) heat { A)
(C) (g/ecm® | /- T) (/)
NasP:0; -
OO 79.0 1.80(S) 3.10 %9.58

S : Solid , L : Liquid
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Table 2. Thermophysical properties of
NasP207 - 10H20 and Air'"'?

Material ' e

Density

-3 -6
(g/mm’] 1.8%10 1.059% 10
Specific heat
0/e.T] 3.10 1.009
Thermal conductivity 7.013x10 (S) -5
[W/mm - C] 5510% 10 (L) 281910
Heat of fusion
Vel 259.58 -
Thermal d;ffusivity 0.1258 2705
[mm*®/s]
S ¢ Solid , L @ Liguid
Table 3. Calculation parameters
£ T; Ts Ste
30T 0T
35%
35T 95T 0841
25T 95C 1.057
: 30C 9T 0.906
45% 35T 95C 0.906
40T 90T 0.755
45T 05T 0.755
30T 90T
55% )
35T 05T 1.000
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Fig. 3 Schematic diagram of calculation do-

main.
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A Study of Heat Transfer Characteristics of P. C. M. in a
Latent Heat Storage Tank(Cubic Type)
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D. C. Kim**

Inha Univ. Incheon Univ. Science & Technology Research Institute, Inha Univ. Graduate School,
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Abstract

This study presents experimental and numerical results of the temperature characteristics, the
heat transfer phenomema, and the heat storage quantity during the heat storage process with
sodium phyrophosphate decahydrate(NasP207 - 10H:0)-Phase Change Material(PCM) in a

latent heat storage tank(cubic type). |
It was proved that heat transfer by conduction was dominant because PCM(Na«P207 -

10H20) during heating processes was gel phase, not liquid phase

The gap ratio(rate of air content) of PCM became smaller, the thermal capacity of PCM
became larger, therefore the temperature distribution of PCM slowly increased than that of
large gap ratio.

There was maximum 15% difference between measured températures and calculated

temperatures.
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