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Experimental Study on the Performance of a CO2 Heat Pump Water Heater

under Various Operating Conditions
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ABSTRACT: In this study, the steady state performance of a CO2 heat pump water heater was
measured with a variation of operating conditions such as refrigerant charge amount, compressor
frequency, EEV opening, and water mass flow rate. Transient state performance tests were also
conducted to investigate major system effects associated with the interaction between the COz heat
pump water heater and the water tank. Optimum refrigerant charge amount for the system was
1600 g. At compressor frequencies of 50 Hz and 60 Hz, water mass flow rates of 95 kg/h and
105 kg/h, and EEV opening of 8% and 16%, the water heating temperatures were 65C and 68°C
and COPs were 3.0 and 2.8 respectively. In the transient condition, the instantaneous COP
decreased with an increase in the inlet water temperature.

Key words: COz heat pump water heater(¢]4FslgtA F8 @) Water heating temperature
(B B2 5%), Coefficient of Performance(COP, A% A4%)

LAMB

gAe
2~

L& X 0DP) 7} 00ja A=yst

Py
LEF

A HAdeR w3, AFeusl A
g7t Fabsle AL 2] f48 FAH Y oo
Adgo) wet 7]&E WE 2D TR F2 2o
£ A5 #A< HCFCs, HFCs A€2 WujEo] &
AR oZ FA Hia gu. webd olg WulE o
A 93 AFAHo)T L &S ZdE AAY
o gigk Aol AXA HAUTE 1 FolA olatst

¥ Corresponding author
Tel: +82-2-921-5946; fax: +82-2-921-5946
E-ruil address: yongckim@korea.ac.kr

AF(GWP)7H 12 2835 ole] Ak 2 H4o]
gtk £ d9gd BYAI 5ehn Avge

2 2o ANAEFE 2 glo) A WMEA
& ARES T Yok waA o) ustEag %

FRAZ # GBI A2d U AT B, F
4 9 0% Folx e AT ek olakshe
& A4 dEE AxYe B AFUGoR A
29974 Alol2g F48A Ark B 457 &
Z7hze] WzRAgo] F1£9 oA 2HE B
o gatoz AmstaA Hol & 2 TujE %A
Arh olei@ S o4 AR olitshe

Azgg A A= g

.



274 &5 - 0FE - HAY - F F-HED

SAER ) Bsn Y AA o] Hokd AP
AsA oz At Qe Aoldh

ol dslera g AHE Azde] H5g FAA
7171 91314 Hwang et al" P& Ul Qusr)st 3
A9 ol Azies A4 20tE Aade] A¥H AT
2 $9381¢th L8 Chen & W dud7)7t A48
g olatslera A &wloM sage e A5
#3548 AEstoh 182 Hermann et a?
SR ARsrlE HEY olisea I8 gy
A zdox Axasted g A7 $3hsgq.
Kobayashi®= o|Atsleba dgze] vt o 39
AP e st Ae9r] 2AM IS P4
of B8 9472 £93Qrh. 18T Murahashi®=
o RsEA B9 AW olHH HEe o ¢
27] 2049 SY0TH WSS FHAT
7] 9% 72 595921, Fernandez et al.” &
olAtElEA Fi 7| BAL|ZH WRARY Alo]
742914 A AlolZ e H5EAL H R B2
2 A g HolduMe ANad AEEA B
ATE 5989k FUIAE Cho et al*e] o]
Asteta GPzo] AW PRB o} PR du]
2 FRsed YIS LS FANI7] 9 AT7E
sgsga, QY GE7E FEA 7t
AR N2de AFstd 4F7] ESLE Aojst
WS gabe] B ATE SRS

B AT e WS Bod olatsigs 39 9
ol 7t W] WE HEEHL B 7%
Az Susng #o. 53 Aol F3
Wl 2A%e A 5, 437 F9%, EEV AE,
FE4% wsd Be IS 2@ g4, 7t
228 QF 4o L5 e ol Atg o)A
o Axe F9 A% 2 B9 o) LER X o
8 m@saz g,

2. HEFA A YUY

2.1 484

i
o
o

nul
e M
£

L3R R -

Fig. 12 oidstea 3% 432 A5
a7] A3 ARY A@FA ) FEEE Y
A9&3 AUE 487 F9d ojitgega
HEo 2AREE A FRNTE 4
o A9 EdE §57], AN, BRFA
gl WrEusr]zt gAsa ok

o]
oft

—» Water &
ry Tharmometer Pressure meter
Outdoor MJ Indoor

Fig. 1 Schematic diagram of the COz heat
pump water heater.
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Table 1 Experimental uncertainties

Parameters Uncertainties
Temperature(T-type) +0.2TC
Pressure £0.2% of full scale

Mass flow rate +(0.2% of reading
+0.01% of full scale
Heating capacity +3.71%

COP £3.73%

Power mput

Table 2 Test conditions

Parameters Value
Refrigerant charge 1400, 1500, 1600,
amount(g) 1700, 1800

Outdoor tempe:rature 76
(DB/WB, C)
EEV opening(%) 4 8, 16, 24
Compressor frequency 50, 60, 70
(Hz)
Water nzizs/hf)low rate 75, 85, 95, 105
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Fig. 2 Variations of ref. mass flow rate,

discharge pressure, and superheat

with refrigerant charge amount.
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Fig. 3 Variations of heating capacity,
compressor work, and COP with

refrigerant charge amount.
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superheat with EEV opening.
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pressures, and compression ratio with
compressor frequency.
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