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SUMMARY

Upcoming technology for the environmental climate control system of fuel
cell driven vehicle is heat pump system. The fuel cell driven vehicle has no
engine to drive. Which means there is no heat source to heating up the
compartment because the heating of the compartment is performed by the hot
water from the engine. The hot water with antifreeze fluid supplies heat to
the heat core that is located at inside of the compartment. The heat pump
system uses heat from the outside air or heat from the coolant heat of the
fuel cell.

Heat pump system performance is strongly dependent on the efficiency of a
compressor and composition of the components assembled to the system.
Optimum charge of the working fluid(refrigerant) is the other factors of it.

In this study, the experiment was performed to get the optimum refrigerant
charge amount of the system. The system uses the waste heat from the fuel
cell which is supplied to the heat pump system. The heat pump system can
be operates three types of driving mode. Reference system uses the air heat
passing through the evaporation as conventional heat pump system. Second
configuration is the system uses waste heat from fuel cell stack through out
the plate heat exchanger. The last configuration is the stack heat supplied to
the air pre-heater which i1s located in upstream flow of air source heat
exchanger. The air pre-heater is also work as defrosting device of the
outdoor heat exchanger when the frost accumulated on it. The system was
tested by varying refrigerant charge amount.

The test was conducted at 7C DB and 6C WB in outdoor air temperature
and 20C DB and 15C WB for the outdoor air conditions. And also the

temperature of stack simulator is set at 40C. All test was performed at

_ix_



1,800rpm of compressor rotation speed.

As results, optimal charge of the system with 1.5RT capacity EEV as
expansion device is determined at 1,150g. When the EEV opening is 10093,
COP, is 4.37 in air source, 4.89 in air pre-heating source, and 5.18 in water
source. When the system is equipped with a receiver to verify the saturation
refrigerant to the evaporator, it showed that the COP, is 4.07 in air source,
459 in air pre-heating source, and 589 in water source with same openings
of the expansion device at 1009 respectively. The optimum charge amount in
system in this configuration is determined at 1,300~1,400g refrigerant.

When the expansion device capacity is increased from 1.5RT to 3.0RT, the
optimum charge is fount out at 1,000g with COP, 4.69 in air source, 4.79 in
air pre—heating source, and 556 in water source.

Mean while the system changes the expansion device EEV to TXV, the
optimum charge is determined at 2,300g with COP, 4.58 in air source, 4.63 in

air pre—heating source, and 4.13 in water source.
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Fig. 3 Psychrometric chart
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Fig. 4 Photograph of environmental chamber

Fig. 5 Front view outdoor environmental chamber
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Fig. 6 Front view of indoor environmental chamber

Fig. 7 Photograph of air sampler
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Fig. 8 Photograph of 10.5kW capacity chiller for cooling

Fig. 9 Photograph of condensing unit
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Fig. 10 Photograph of unit cooler
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Fig. 11 Schematic of stack simulator
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Fig. 12 Schematic diagram of heat pump system
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Fig. 13 Photograph of plate heat exchanger

Fig. 14 Photograph of evaporator
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Fig. 15 Photograph of air pre-heater

Plate heat
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Fig. 16 Installation view of the heat exchangers
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Fig. 17 View of connection between the heat exchangers

(a) (b)

Fig. 18 Photograph of (a)solenoid valve controller and (b)EEV controller
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Fig. 19 Photograph of vacuum pump

Fig. 20 Photograph of manifold gauge
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_23_



I.

3.3 A=

o W O T
= ¥ = B X
E _ﬁl o —
e RO o >
W_ X ° X W o S )
T -~ :
R W D ® B = = A
T o 2% N ok = T o ) —
° S = L Ly T Jo & g R g N
M = i = M By N WW G 2 i
=) of S 4 oF ol ,_104m _Eﬁ N = ) Mo
AR T AF fis o| o ) =o Y —_
w v Moo = Npo G X T 2
Do Mm 3 o] ~ < | <t S WW m_m o
g w o Z0 iy R E
& 7 do X o oo I g = & e o o
F = < 2 N HoA 3 S G A
T o om A = = > P
cEwm §= T : . oM 5 5 T IR ¥
) o ﬂ T =) = — | R -
N T O g T % £ T cw® X7 ) )
o TN Ao = 2 & E N T W W og X ~
~ @ aN S _= ol - 3 o ﬂ _z_.o
LE i o3 N B S P
T =T e . S ~ P = X X &
TR e 2 N oFf 3 H N = o TR =
ol = S w3 o E| ¥ 1 = oF = )
o oo B © o T 1 5 ) Cal R, o
T G T T oo o 2 < w2 oy
Ot — — ox — el . S — X n 0
N ~ Tow 9 < 7 - o8 = o
HE Elg c Lf = O I N H_AI o o8 o oF
o oo fo o of g X X B
T e % T = = Fl+ T o -
o 5 w & ¥ . I = N Np oD
T E =3 o B s o S z 7z W
= W OB o= o %o S = 3| & =9 ~ 1 -
L Ay Moy 7w R H P~ P ik o
ol % o ® o ﬁ i < SR + ol < oo TR =0
m < o1 om 2 T = I = — B ®° i i
= ~° = ] H ™ F o — ~
o ow e X Az = I 3 N s o =
- or ~ i’ = o) o o i Sy o R
o B T Ce o 2 + —~ NO —
o bo ‘mﬂ f J . [al S < ~— IWNO N —_ ﬂAE )
woF N ~H iy o X A’ > n =y ~ 1r
~ X ﬂr B O 8 o 3 N Lm & . . MM
o S © O I = X IS <
N [ m o . o0 B B nl
Mo oE R 3 T
5 K x {
W

- 24 -



1A th 3-20LPM7HA] &4 7Fs

°

A

S|
=

%

—_
fite)

fvze)
_ZTI
el

oF

o
o

)

o
4

)
E
eyl
\_&o
B

=K

&

oF

3ol

H Al o]

= =)
E &3

18 €]

o
il

151/mino] ™

ol
o
¢+

50

o #j <

oz v
T —

bl o,

bl o,

°

el

of weh A%

_ZTI

Hjo

°ol-&

=

=

F Tt
A= 43 7](Data logger)

°

g

=

=

St

°

°ol-&

=

=

AFSEA

A4
=

=

]_E

Bl ESH=A

3T
T

ted A

°

bl ot

fite)

wr

HE

F

vAO

7} A

_25_



(a)

Fig. 23 Photograph of mass flow meter
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EEV(LSRT)
EEV(3RT)
TXV

T T Condenser

20°C DBT
15°C WBT

7°C DBT
6°C WBT

i i Evaprator

Fig. 24 Schematic diagram of air source
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T T Condenser

N
20°C DBT
15°C WBT
EEV(L.5RT)
EEVBRTJi
TRV
Compressor
7°C DBT
6°C WBT
Stack |g—h— |
a0°C >
l i Air pre-heater
=

l l Evaprator

Fig. 25 Schematic diagram of air pre-heating source
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EEV({3RT) Compressor
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Plate heat
exchanger
Stack
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Fig. 26 Schematic diagram of water source
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Table 1 Test conditions

Dry bulb temperature (C) 20

Indoor
Wet bulb temperature (C) 15

chamber
Air flow rate (m?/min) 8
Dry bulb temperature (C) 7

Outdoor
Wet bulb temperature (C) 6

chamber
Air flow rate (m?/min) 10
Stack temperature (C) 40

Compressor speed (rpm) 1,800

Table 2 Test method

Type of expansion valve

EEV opening (%)

Test 1 EEV(1.5RT, @1.3)

25/50/75/100

Test 2 EEV(3.0RT, @2.4)

25/50/75/100

Test 3 | TXV(TN2, Orifice No.01)
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P [kPa]

10° R134a
10*
10°
10°

—— Ref. charge 1,100g

S e Ref. charge 1,200g

— - Ref. charge 1,300g

10' -
-100 0 100 200 300 400 500
h [kJ/kg]

Fig. 27 P-H diagram in accordance with refrigerant charge at

water source (EEV opening 25%)
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-100 0 100 200 300 400 500
h [kJ/kg]

Fig. 28 P-H diagram in accordance with the EEV opening 100%

at each source (1,150g)
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