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SUMMARY

In this study, a heat pump system is developed which using waste heat
from fuel cell driven vehicle. The heat pump system can be operates three
types of driving mode. First configuration is that the system can be use the
air source heat as conventional heat pump system. Second configuration is
the system uses waste heat from fuel cell stack through with plate heat
exchanger. The last configuration is the stack heat supplied to the preheater
which is located in upstream flow of air source heat exchanger. In accordance
with each operation mode, the experimental study was conducted to achieve a
heating performance of the system.

In this study, refrigerant charge test was conducted in prior to the main
experiments and found out that the optimum. charge can be achieved at 800g
with 50% opening of full scale of the EEV.

In the conventional heat pump operation of the heating system, the
experiment was carried out with respect to the compressor rotation speed
driving characteristics. If the rotational speed of the compressor increased, the
power consumption is also increased. However the results shows that the
system have a higher COP; at lower EEV openings of the expansion valve
and even the openings of the expansion valve is increased the system could
not get more capacity due to the limitation of the outdoor heat exchangers
capacity.

In the second air pre-heater unit mode, the system can get the highest
COPy at 1,200rpm compressor rotation speed, 50C heat stack temperature, and
50% EEV openings. At this configuration, the air temperature, which is
sucked into the evaporator, was warm up by the waste heat from fuel cell

stack, the system performance is increased about 42.5% compare to the

— viil —



conventional heat pump system.

When the system uses the waste heat from the stack directly to the
evaporator through the plate heat exchanger, the system COPy is increased
about 68% compare to the air pre—heater unit mode. The system shows
highest COPy at this configuration at 1,200rpm compressor speed, 50T stack
waste heat temperature, and 75% EEV openings.

The system performance increased with the compressor speed and has a
small effect on the outside air temperature in the three configuration, and it
shows that the highest COP, when the system uses the waste heat directly

to the evaporator through the plate heat exchanger.
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Table 1 Flow coefficient of the nozzle(C))

Reynolds number(Re) Flow coefficient(C,)
50,000 0.97
100,000 0.98
150,000 0.98
200,000 0.99
250,000 0.99
300,000 0.99
400,000 0.99
500,000 0.99

h
ol 1wz
Cd |Re 10’ X
- aws—-r,if; )
-3
500- 09901
i 200 B‘m_“‘\ b
ol ey T 01
300 s . L o
200 " an60 2]
P ";3 e A2 A 30
P 0960 ]
il -20 gl
1001 50
o950 e -
0940 A48 . X
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50-
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e

Fig. 1 Calculated

nozzle

Fig. 59 Air sampler&

o]-&3sked Mol WF-o 2=

chart to obtain the flow coefficient of the
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Fig. 2 Environmental chambers and control part



Fig. 3 Outdoor environmental chamber



Fig. 4 Indoor environmental chamber and code tester



Fig. 5 Air sampler to measure the air quality



(a) 5HP class chiller (b) 3HP class condensing unit

(c) 3HP class fan coil unit (d) 12kW class PTC heater

Fig. 6 Apparatus for maintaining the environment within the chamber
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Fig. 7 Picture of the heat pump system condenser installed



Fig. 8 Picture of the heat pump system evaporator installed



Magnetic clutch

-

"q‘_;-‘;
L]

Tensioner

Motoer pully

Fig. 9 Picture of the power transmit mechanism from driving motor

to the clutch



(a) 3RT EEV(Electronic expan (b) EEV controller

-sion valve)

(c) Picture of heating system a (d) The refrigerant flow path in

connected line the system controller

Fig. 10 Device for control of system capacity and flow rate



(a) Stack simulator

(c) Plate heat exchanger

Fig. 11 Photos of the stack waste heat

simulation equipment

(b) Air pre-heater

Plate heat
exchanger

(d) Installation Pictures

evaporator installation and use
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T T Condenser

20°C DBT
15°C WBT Away
valve
Expansion
valve i
e BBE
6°C WBT Compressor

Y

l l Evaprator

Fig. 12 Flow chart of the air source using method



T T Condenser
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15°C WBT Away
valve
Expansion
valve i
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l ‘L Air pre-heater

Y

l i Evaprator

Fig. 13 Flow chart of the air pre-heating source using method
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Fig. 14 Flow chart of the water source using method
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Table 2 Specification of measurement device

Sensor Specification
Standard 28G
Type T-type
Temperature Rang -200~400C
Accuracy £1~3%
Thickness 0.32mm
Type Gage pressure
Manufacture Setra
Model C206
Pressure Range 0~10000 psig
Accuracy £0.13% FS
Excitation 24VDC Only
Output 4 to 20 mA
Model GDHO-420
Do Accuracy £0.3%
Humidity Rang 0~100% RH
Output 4720mA
Standard uncertainty | +0.044%
Refrigerant mass flow | Fluid Water(H20)
cate Nominal flow rate 18.44kg/min
Meter Total 7.9kg
(Micro motion F-series) | Error +0.01%
Accuracy £0.02%
Range 3~25LPM
Accuracy £1%
Pressure 20bar
Water flow rate Connection 127
Power 24 VDC
Output 4 to 20 mA
Type Torque Detectors
Manufacture Onosokki
Model SS-500
Torque Range 0~6000 (50 N*m )
Accuracy +0.2%/ FS
Excitation 100/ 120/ 220/ 240VAC
Output 0 to £ 10V/ FS
Type Revolution Detectors
Manufacture OnoSokki
Model MP-981
RPM Range 1 to 20,000r/min
Accuracy +0.02%/ FS
Excitation DC 12V+2V
Output 05V~ 5V+0.5V




(a) T-type thermocouples

(c) Hygrometer (d) Mass flow meter

Fig. 15 Instruments provided in each of the inlet and outlet device for the

performance evaluation of a system
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Fig. 16 Flowmeter and converter for flow measurement of stack

simulator
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Fig. 17 Differential pressure transmitter for measuring pressure
difference between nozzles for measuring air flow rate

of the heat exchangers
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Fig. 18 Sensor for measuring the rpm and torque meter
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Table 3 Experimental conditions for the fuel cell vehicles heating system

1) Air source

RPM EEV Water
Outdoor air conditions
Dry bulb temperature 7C
Wet bulb temperature 6C 1,200, 25%,
Air flow rate 10m'/min
— 1,800, 509, -
Indoor air conditions
(6]
Dry bulb temperature 20C 2400 5%
Wet bulb temperature 6C
Air flow rate 8m’/min
2) Air pre-heating source
rpm EEV Water
Outdoor air conditions
Dry bulb temperature 7C
Wet bulb temperature 6C 1.200, 259 30°C,
Air flow rate 10m'/min .
; P 1,800, 50%, 40C,
Indoor air conditions
o .
Dry bulb temperature 20C 2400 5% 20C
Wet bulb temperature 6C
Air flow rate 8m’/min
3) Water source
rpm EEV Water
Outdoor air conditions
Dry bulb temperature -
Wet bulb temperature - 1.200, 259 30°C,
Air flow rate -
: — 1,800, 509, 407C,
Indoor air conditions
o .
Dry bulb temperature 20C 2,400 5% 20C
Wet bulb temperature 6C
Air flow rate 8m’/min
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Fig. 20 COPy with variation of charge amount and EEV opening

on outdoor unit mode
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Fig. 21 COPy with variation of charge amount and EEV opening
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