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Ondol Heating System Using Heat Pump
— Comparison of Energy Consumption between the Heat Pump and

the Qil Boiler —
AdsHE  sHEW
H. C. Kim H. K. Song
ABSTRACT

In these days, we are faced to a couple of difficult problems, the one is the unstable price of the energy due to
the shortage of fossil fuel resources and the other is the serious environmental pollution from the excessive

consumption of fossil fuel.

In order to save the thermal energy for the house heating, in this study the heat pump using the natural thermal
energy resources was provided for Ondol heating and the thermal energy consumption of the heat pump was

compared to that of oil boiler.
The results could be summarized as follows:

1. In the Ondol room, the temperature difference between the Ondol surface and room air was about 5~10T in

accordance with the ambient temperature.

2. The Ondol room heating efficiency of the heat pump with compressor of 2PS was the highest at the water flow

rate of 200 ¢ /h.

3. The energy saving rate of the heat pump to the oil boiler for heating the Ondol system was 19.3%.
4, The Ondol heating cost of the heat pump was less 20.6% than that of oil boiler when oil price was 478 won/ £ .

ZF 8 4] (Key Words): 4% Z(Heat pump), oA (Energy), &% A% (Ondol system), $+4 <A 5 (Fossil

fuel), .21 2] (Boiler)
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where,

Qm : Heat transfer by condenser(kcal/hr)

G, : Refrigerant mass flow rate(kg/hr)

h;, : Enthalpy of refrigerant(liquid— vapor)(kcal/hr)

h,  : Enthalpy refrigerant compressed by compres-
sor(kcal/hr)

h,  : Refrigerant enthalpy at condenser outlet
(kcal/hr)

X+ Quality of refrigerant at condenser inlet(%)
Xou : Quality of refrigerant at condenser outlet(%)
W, : Real power of heat pump compressor

(ps or kW)
Q.. : Absorbed heat by evaporator(kcal/hr)
Cp. : Specific heat of water(kcal’kgC)
m  : Water mass flow rate(kg/hr)
T, ;» : Water temperature at condenser inlet(‘C)
T.. ow : Water temperature at condenser outlet(C)
Q. : Heat gain from condenser(kcal/hr)
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where,

Our : Accumulation energy consumption of heat
pump for 8 hours during the night (kcal)
Qopr : Accumulation energy of oil boiler for 8

hours during the night (kcal)
Ez  : Power consumption of heat pump (kW)
Fz  : Fuel consumption of oil boiler ( £)

Ey.0s © Accumulation energy cost of heat pump for 8

hours during the night (won)

Eop.q: Accumulation energy cost of oil boiler for 8
hours during the night (won)

Pz : Power rate(won/kWh, 390won/kWh in nov.
1998)

P,; : Oil price(won/ ¢ , 478won/ { in nov. 1998)

h : Ondol heating time(hr)
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Fig. 1 The circuit of hot water pipe in the
Ondol room and the experimental
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Fig. 2 Heat pump circuit and experimental

apparatus.
Table 1 Detail of the tested heat pump
system

Items | Compressor Working

System ™ Capacity Mode Fluid
Heating
Heat Pump 2PS Mode Ry
(Air to Water)
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Table 2 Specifications of the tested oil boiler

Item Specifications
9,000

Heating power(kcal/h)

Cistem tank Water supply

—

Qutlet of hot
water supply

Heating and

Utilization
supply hot water

Fuel as energy source lamp oil, light oil

Heating area(m?) 594
Heat transfer area 0.59
Rate of fuel consumption 20
Heating efficiency(%) 88.5~89.5
Efficiency of hot water supply 87.5~88.5
Electric source for the oil
boiler(V/Hz) 220/60
External dimension

4
(Wx LxH, mm) 302 500%76

Inlet of hot

a
+, Cool water
" _‘rf
S —
b / Distributer/’_- —
v /,' Ky y L
s F . ) )
e i [ A — L€ —
Drain i f ‘ [ ! Ondd
. Al H
Distributerot . . Pipe

water circulation

Oil boiler

Fig. 3 Circuit of oil boiler and the hot water
Ondol pipe.

Table 3 Experimental variables and measuring items for the performance test of heat pump

Variable Measurement
Items Treatment Items Range
¢ Ambient air temperature(C) —10~20 e Condenser outlet temperature of 30~70
heat transfer fluid (C)
» Condenser inlet temperature of 8~50 ¢ Suction pressure in the heat pump 1.5~5.0
heat transfer fluid (C) circuit (kg/cm?)
e Water flow rate in the heat pump 100~300 » Discharge pressure in the heat 10~26
circuit ( £ /h) pump circuit (kg/cm?)
¢ Electric power consumption (W) 1000 ~2500
Table 4 Experimental variables and measuring items for the test of oil boiler
Variable Measurement
Items Treatment Items Range
+ Ambient air temperature (C) —10~20 + Fuel consumption rate ( ¢ /h) 0.5~2
e Inlet water temperature into the 8~50 ¢ Qutlet water temperature from 30~70
boiler (C) the oil boiler (C)
¢ Water flow rate in the oil boiler 100~300
circuit ( £ /h)
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Fig. 4 Effect of inlet and outlet water

temperature difference in condenser
on heat gained by the heat pump in
accordance with water flow rate in
case of close loop.
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ature of Ondol surface in accordance
with water flow rate.
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