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Abstract The objective of this study was to investigate heating performance characteristics of electric heat pump
system in a fuel cell electric vehicle (FCEV). In order to analyze heating performance characteristics of electric heat
pump system with plate-type heat exchanger using stack coolant to evaporate the refrigerant, R-134a, each component
was installed and tested under various operating conditions, such as air inlet temperature of inner condenser and
compressor speed. When the air inlet temperature of inner condenser was varied from 0.0C to -20.0C, heating
capacity was not quite different due to similar temperature gap between inlet and outlet of inner condenser with
electric-driven expansion valve (EEV). However, COP increased until certain EEV opening, especially under 45.0%,
because of decreasing power consumption. According to the compressor speed variation from 2,000 to 4,000 RPM,
heating capacity and COP were found to have opposite trend. In the future works, stack coolant conditions as the
heat source for tested heat pump system were analyzed with respect to heating performance, such as heating capacity
and COP.
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Fig. 1. Schematic diagram of coolant source heat pump for a fuel cell electric vehicle
Table 1. Specification of tested system components Table 2. Tested system test matrix
- - Components Conditions
Components Specifications
Compressor speed (RPM) 2,000~4,000
o
Capacity (kW) 3.5 at 6 mmin and Tinner condenser,in(°C) 0.0, -10.0, -20.0
Inner T . 5,000 rpm
Heat exchanger ype(:ﬁ;‘;ge) size Multi-flow type, Qinner condenser,in(m3/hr) 300
W222xH144xD54 mstackcoolant,in(liter/min) 10
6.5 at stack coolant Tstackcoolant,in(°C) 35

Capacity (kW) 60 °C, 5000 rpm

Plate type
heat exchanger Type, core size Count flow type,
(mm3) W190xH225xD80
Type Electric driven
Compressor Displacement
33
(cc/rev)
Type Electric controlled
Expansion Step 576
valve
Diameter(mm) 1.6
Accumulator Volume (cc) 950
B ATdA e dadA 29 AdS &8 F e
dudrls AL8isle u, o7k skl g de
A Az A 546 0 22 Agsag
ogio} o], e W7F 231 I (Table 2)
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Compressor rotational speed : 3,000 rev min”
Q EEV Opening : 70.0%
}Leatmg HVAC inlet air temperature
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Table 3. Test equipment and uncertainty of the
experimental parameters 0.1 L L L L L L
150 200 250 300 350 400 450 500

Items Accuracy

Thermocouples
(T-type)
Pressure gage
(Sensors, PI3H)

+0.1 °C

+0.1% (Max 250 bar)

Mass flow meter

+0.15%, Max 680 k;
(Coriolis type) %, Max Zh

E. Gate IP (V3)
(.93W @ 12.06 V)

1.6%
6.0%

Data logger
(Gantner)

Heat capacity
Heating COP
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Fig. 2. P-h diagram of heating cycle with stack coolant
heat-sourced heat pump
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