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A Study on the Heat Pump-Latent Heat Storage Type
Ondol System

S8 4es
R 39
H. K. Song M. S. Park
SUMMARY

The Ondol system using both air-to-water heat pump and PCM(Phase Change Material) was constructed,
and the effects of ambient air temperature on COP(Coefficient of Performance) of heat pump, the amount of
heat supplied to the Ondol in the heating process, the heat storage in the PCM and the variation of Ondol

room temperature were analyzed.

The results from this study could be summarized as follows:

1. The COP of the heat pump (3 PS) was in proportion to the ambient air temperature.

2. When the ambient air temperature was varied between —10T and —7C, the air temperature in the Ondol
room was maintained between 16°C and 22°C. As the results, it was certified that the heat pump-latent
heat storage type Ondol system could be a comfortable residential heating system in the winter.

3. The maximum radiation and convection heat transfer from Ondol surface was 206.2 kJ/m*hr and 82.6
kl/m’hr respectively. As the results, it could be confirmed that the radiation was major heat transfer

mechanism for the Ondol room heating,

Keywords : Ondol, Heat pump, Phase Change Material(PCM), Radiation heat transfer, Convection heat

transfer.
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Table 1 Thermophysical properties of PCM
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Fig. 1 Ondol system and

apparatus.

experimental

Melting Latent Specific heat Thermal conductivity
Material point heat (kJ/kgC) (W/mT)
(T) (ki’kg) Solid Liquid Solid Liquid
Na;SO, - 10H0 29 195.77 3.101 3.465 0.544 0.811
CH;COONa - 3H,O 43 235.51 2.132 3.469 0.524 0.792
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Table 2 Specification of Ondol space and
water circuit pipe
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Fig. 2 Variation of static pressure of heat
pump circuit with the ambient air
temperature.
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Fig. 3 Effect of water flow rate on the
COP with the ambient air temper-
ature.
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Fig. 4 Variation of indoor air, surface and
PCM temperature with hot water
temperature during Ondol heating.
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Fig. 5 Accumulation of heat supply, sto-
rage and loss for 28 hours of
Ondol heating.
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Fig. 6 Comparison of radiation and conve-
ction heat transfer in the Ondol
room.
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Nomenclature

A, = Ondol surface area (m?)

a,, = melting fraction of PCM

COP = Coefficient of performance of heat
pump.

c, = Specific heat at constant pressure (kcal/
kg - C)

h = Convection heat transfer coefficient
(kcal/m® - K)

4h,, = Latent heat of PCM(kcal/kg)

MRT; = Mean radiant temperature (C )

m = PCM mass (kg)

Qcomp. = Power consumption of heat pump com-
pressor (kcal/hr)

Qcona. = Heat gain from condenser of heat
pump (kcal/hr)

Quom. = Convection heat transfer (kcal/hr)

Qpcy = Heat storage and release of PCM (kcal/
hr)

Qs = Radiation heat transfer (kcal/hr)

Q Toi Total heat gain (kcal/hr)
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Ouuer = Heat gain from the water condenser of Pump Systems”, John Wiley & Sons.
2. Lane, G. A. 1983. “Solar heat storage: Latent

heat materials - volume [ : background and scien-

heat pump (kcal/hr)

T, = Indoor temperature (C)
tific principles”, CRC press.

3. Leigh, S. B. and C. R. MacCluer. 1994. “A
comparative study of proportional flux-modulation

T. = Thermal boundary layer temperature

in the Ondol room.

T, = Temperature of black globe (C) and various types of temperature-modulation
T; = Surface temperature of the Ondol floor approaches for radiant floor-heating  system
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