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Abstract This study was conducted to develop a heating system for a fuel cell-driven electric vehicle. The system consists
of a compressor, an expansion device and three heat exchangers. A conventional air source heat exchanger is used as primary
heat exchanger of the system, and an additional water source heat exchanger is used as a pre-heater to supply heat to the
upstream air of the primary heat exchanger. On the other hand, the third heat exchanger consists of a water-to-refrigerant
heat exchanger. The heat source of the pre-heater and the water-refrigerant heat exchanger is the waste heat from the fuel
cell’s stack. In the experiment, the indoor and the outdoor air temperature were fixed, and the compressor speed, EEV opening

and waste heat temperature were varied.

The results indicate that the COPh of the proposed system is 3.01 when the system is operating at a 1,200 rpm compressor
speed, 50% EEV opening, and 50°C waste heat source temperature in air pre-heater operation. However, when the system
uses a water-refrigerant heat exchanger, the COPn increases to up to 9.42 at the same compressor speed and waste heat

source temperature with 75% EEV openings.

Key words Heat pump system(€ 8 X A]2~®) Air pre heater(3-7] <€ 7]), Plate heat exchanger(¥+3 H37]),

Mobile air conditioner(AH& 233 7])
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Fig. 1 Schematic of the developed heat pump system
operating with additional heat from the stack
through the pre-heater.
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Fig. 2 Schematic of the developed heat pump system

Compressar

Plate heat
exchanger

operating with additional heat from the stack
through the plate heat exchanger.
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Table 1 Experimental conditions of the experiments

Air condition RPM  EEV  Water
Outdoor air conditions
Dry bulb temp. : 7C
Wet bulb temp. : 6T

1,200  25% 30T
1,800 50% 40T
2,400  75% 50T

Air flow rate : 10m'/min

Indoor air conditions

Dry bulb temp. : 20T
Wet bulb temp. : 15C
Air flow rate : 8m'/min

"Water Flow rate[Plate(8 L/min), APH(4 L/min)].
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Fig. 3 Variation of power consumption and heating
capacity with change of compressor speed at the
fixed EEV opening(50%).
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Fig. 4 COPn variation with change of waste heat tempera-
tures and EEV openings at the fixed compressor
speed(1,200 rpm).
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Fig. 5 COPn variation with change of waste heat
temperatures and EEV openings at the fixed
compressor speed(1,800 rpm).
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Fig. 6 COPn variation with change of waste heat
temperatures and EEV openings at the fixed
compressor speed(2,400 rpm).
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Fig. 7 Variation of power consumption and heating
capacity with change of compressor speed at
the fixed EEV opening(50%).
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Fig. 8 COPn variation with change of waste heat
temperatures and EEV openings at the fixed
compressor speed(1,200 rpm).
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Fig. 9 COPn variation with change of waste heat
temperatures and EEV openings at the fixed
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Fig. 10 COPn variation with change of waste heat
temperatures and EEV openings at the fixed
compressor speed(2,400 rpm).
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