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Abstract
utilization air conditioning system incorporating PCM(phase-change material with a melting temperature of 13°C) in
conventional VCRM(vapor compression reftigerating machine) was proposed. In this system, the cold heat is stored in
PCMI13 during the VCRM operation in the night-time. Subsequently, the cold heat stored in PCM13 is rleased for use as a
coolant in the VCPM condenser in the case of high COP(coefficient of performance) during daytime. Energy savings of the

To level the electric load and increase the efficiency of cold heat production, a new cold heat storage-heat

proposed system were compared with the conventional cold heat production system with ice in terms of the cooling load of a
standard office and a residence in summer in Tokyo. This comparison was based on estimation of COP of VCRM from p-/
diagram of hydrofluorocarbon refrigerant, R134a. v

As a result, the energy saving of the proposed system, compared with the ice thermal storage in terms of power input of
cold heat of 5°C., was 13% and 11% for a standard office and a residence, respectively. The higher energy saving obtained for
a standard office was attributed to the fact that the cooling load is distributed over ~day-time in the office, while in the
residence, it is highest at night-time. Finally, when ice was replaced with PCM13 in a conventional ice thermal storage, the
energy consumption was reduced by 47% and 49% for a standard office and a residence, respectively. However, the
temperature of cold heat supplied was 18°Cwhich was too high to dehumidify the air in the air-conditioning process.
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Figure 1 Schematic diagram of “System A”

Table 1 Thermal properties of PCM-13 and ice

PCM13 Ice
Molecular Weight [g/mol] 18
Weight Ratio TME/UrealWater
38.5/31.5/30.0

Melting Point ['C] 134 * 0
Heat of Fusion [J/g] 160 M 333
Specific Heat [J/(g*K)] 422 2 at0C 2.10 at 0°C(solid)

3.09 "2 at 30°C 422 at O°C(liquid)
Density [gfm?] 147 3 at0C 092 at 0°C{solid)

1.14 *3  at30TC 1.00 at 0°C(liquid)
Thermal Conductivity 066 4 at5C 220 at 0°C(solid)
[ meK)] 037 4 at380 056  at0C(liquid)

*1 Melting Point and Heat of Fusion were measured by DSC(DSC220C) of Seiko
Instruments Inc.

*2  Spesicic Heat was measured by the Heat Insulation Type Specific Heat Measurement
Apparatus(SH3000) of Shinku Riko Inc.

*3  Density was measured by Archimedes Method

*4 Thermal Conductivity was measured by Hot Wire Thermal Conductivity
Measurement  Apparatus(ARC-TC-1000) of Agne Gijutu Center Inc.
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Figure 5 Theoretical COPs obtained from reverse carnot cycle
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Nomenclature

CoP = efficient of performance[ - ]
h = specific ethalpy[J- g-1]
T =temperature[ C]
AT = difference between tennperature[ ‘C]
We =load of cooling[kWh]
Wp = power input to condenser{kWh]
(Subscript)
A : System A
B : System B
c : low temperature heat source
day : in daytime
h - high temperature heat source
night : at night
r  heat release
s : heat storage
storage  : phase change
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