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A study on the comparison of the performance of a heat pump system

with air and water heat sources
Won-Bin Ko' - Youn-Cheol Park’
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Abstract: In this study, experiments were conducted to evaluate the performance of a heat pump system. A heat pump system with
an air as heat source is adapted as reference. The developed system uses a plate heat exchanger an evaporator to absorb heat from
a stack of fuel cell driven electric vehicles. Hence, the system functions as a water source heat pump system. The results indicated
that the; power consumption increased with the rotational speed of the compressor. A system performance(COPh) of 2.03 at an elec-
tronic expansion valve(EEV) openings of 25% and a compressor speed of 1200 rpm was observed in the reference system. However,
at the same compressor speed, the COPn of the water source heat pump system corresponded to 9.42 at an EEV openings of 75%.
It was found that the water source heat pump system exhibited the highest performance at a water temperature of 50C.
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Figure 1: Flow chart of the system using the air as heat source
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FKgure 2: Flow chart of the system using the water as heat source
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Table 1: Experimental conditions
Outdoor air conditions
Dry bulb temperature 7C
Wet bulb temperature 6T
Air flow rate 10m’/min
Indoor air conditions
Dry bulb temperature 20C
Wet bulb temperature 6T
Air flow rate 8m’'/min
Svstem control Compressor RPM | 1,200, 1,800, 2,400
4 EEV opening 25%, 50%, 75%
Water inlet 30C, 40T, 50T
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Figure 3: Variation of power consumption with change of

compressor speeds and EEV openings in the air source heat

pump system
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Figure 4: Variation of heating capacity with change of compressor

speeds and EEV openings in the air source heat pump system
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Figure 5: Variation of COPh with change of compressor

I I
1200 2400

speeds and EEV openings in the air source heat pump system

Hf

N
)
0
1=

A

Ea

fox]
=

do R
0

-

0l

&40l A EEVIIE=7}E 50%11 75 4571 3
2F
¢}

o
| me s sl eEE 2nEs e

=}

o

P
g
O:

S E

o
L,

o

Zutdd Yol g dta 4 409 A7F(2016.9)

- uhea

W3S Figure 69 YERISATE 2¥)58e A9 4F7]9
HG7Y F7rEel el oF 1,381W, 2,232W H 3,059W=
Z7Feb %71 I A4=7F 1,200rpmoll A 1,800rpm o2 W
AE A5 ok 61.7%%F7 ek, bE71 37 1,800rpmol]
A1 2,400rpm .= WA E A9 °F 37% 578t TV o]
|2 AnlEY WeldiEly) dXskE AR vEkwT

wk-g-eko] Wals Avud, gEv]] Aert Sk
of wg} 28 HI2%7) 30T 49 5435W, 5,824W 2
6,754W= UERY 9F37] 34571 1,200rpmel| 4] 1,800rpm
o2 WA AS & 72%s7keha, 4F7] ST
1,800rpml Al 2,400rpm o2 WA E - oF 16%% 71513t
28 HILE7 40T A5 7,271W, 8,480W 2 10,192W
2 Yeht &7 3 AF7E 1,200pmol A 1,800pm o=
AE AS ok 16.6% 57k, 4F7] W57 1,800mpmol]
] 2,400rpm o= WA A9 °F 20.2%F 7SIt 28
G%=7}F 50Tl A9 10,230W, 11,225W 2 11,900W= 1}
el o4=7] A7 1,200pmoll A 1,800pm o2 A7
A9 < 98%e7teta, 4E7] W7 1,800rpmeoll A
2,400rpm o2 WA H 49 °F 6.5% 578t

4000 : " r
®— Waste heat 30T power — 0 Waste heat 30'C capacity 13500
3600 1| —®— Waste heat 40T power —©— Waste heat 40 U capacity T
&— Waste heat 50T power —&— Waste heat 50T capacity
3200 iy 12000
a H
2800 + . 10500
3 & : 3
i -g) - =
g 2400 <9000 &
z * 5]
=] A0 ]
& 2000 - &
o P S7500 0
1600 | < o
[ & 46000
1200 a ; .
1200 1 800 2400

Compressor speed(rpm)
Figure 6: Variation of power consumption and heating ca-
pacity with change of compressor speeds and EEV openings

in the water source heat pump system

Figure 7 ~ 9= 28] ¥ o] mpE EEV/I=E A5
T HstE 457) IAeERE FEeglth 457) ATt
1,200pm% @ EEV/HRE7} 75%0]3 =8 #Hde] %7} 5
0C A5 A eAT7F 9.42% 7H 331, EEV/IE7} 25%9]
aL =8 o] 2:27F 30T]] - 25307 7 vl =
AE Ak 9+=%7] 3457 1,800pme wW EEVAETF 75%
1oL 28 Hdo] 271 50T A AsAF7) 6.57= 7}
& =31, EEV/IE7}E 75%0°]aL 28 #Hge] %7} 30C<]
79 1.88% 71 Wt %7 3 -1 2,400 pme W EEV
METF 75%0)a 2~8) #Hge] 27} 50CS 4S5 4sAF
7} 5.08% 714 A SAEAAL, EEVAIET}F 25%0] 3L =8
Hde] 2%7) 30T 4% 1.632= 71wt

(]

566



10 T T T

= EEV opening 25% A
9 —e— EEV opening 50% 1
4 EEV opening 75%
®E -
.
7L A 4
o OF .
o
O 5L A e 4
n
4+ . .
3t " .
"
2k 4
e 1 1 1
30 40 50

Temperature( C)
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