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Research to Optimize the Refrigerant Charge of the Natural Refrigerants R1270
and R290 in Heat-Pump Water Heaters and Their Performance

Ju Fujun  Hou Lihao Liu Qinglei Wang Haoran Xiao Chengjie Fan Xiaowei

(School of Smart Energy and Environment, Zhongyuan University of Technology, Zhengzhou, 450007, China)

Abstract R1270 and R290 are alternative refrigerants with great potential. In this study, the influence of the refrigerant charge on the
performance of the heat-pump water heater with R1270 and R290, the temperature distribution of the heat transfer fluids in the condenser,
and the feasibility of replacing R22 with natural refrigerants were investigated. The results indicate that the refrigerant charge has a
considerable influence on the cycle performance and the temperature distribution of the heat-transfer fluids in both systems. At the same
optimal charge (0. 90 kg) , the R1270 and R290 systems achieved a maximum coefficient of performance (COP) of 4.443 and 4.317,
respectively. At different refrigerant charges, two heat transfer pinch points and two maximum heat transfer temperature differences
occurred in the condensers of both systems, and the locations of the first pinch point and the second maximum temperature difference point
showed similar migrations with changes in refrigerant charge. Compared with the R22 system, both the R1270 and R290 systems, at
optimal charge, achieved significantly better COP and discharge temperatures, exhibited relatively equivalent discharge pressures, and
their heating capacities increased by 7.05% and decreased by 10. 65%, respectively. Hence, R1270 can be preferred over R290 for

replacing R22 in a heat-pump water heater.

Keywords refrigerant replacement; R1270; R290; refrigerant charge; temperature distribution

AT POK BEAETE AL SUREFE P o5 LEAHXS B, Horp
1E RS REAE 5 L2 20% , 1 78 7 Mk 2 SR e
FEr A7t d s W ATk 40% Y S UK E R
Bl R SRR L, A ROR SR A BRIR AR & |
LA RS WA T U B A I UK BEFE AN S
LA AT WU H AR R ARG SR,
PR HOR B FHAY R22 \R134a S5 5 T R ¥ HAT 5
) GWP ( Global Warming Potential , 4= Bk 725 % 1%

Wik H 351:2024-03-29 ;48 5] H 11 . 2024-08-05 ; 3 1 H 11 :2024-08-06

{6, J& T CHAME IE 52 Hh B KL AR 2 R )
SR TR, Rt T4 —Fh ik & m a8 #AE
oK s P AT B B B B B 5 40U 174 AF 5 AR A
ZIR R G AT 5 i A JE TR (hydrocarbons,
HCs) By GWP AR A2 rERe i s kA o T
AR, 58 i o A R i L e R1270 AN
R290 AT = i BE b 5 1% T8 R BRI 5 19 R B¢
TEFRRIE B HFCs (7] 5207 8150



Faok F5H
2025 4F 10 A

il v 2 4

Vol. 46,No. 5
October, 2025

[ P Ah2E 0 HCs 28 T AR AR AR T 7 458
Mz PR AT AT T R 5T, dkda D SR if
i 7 R290 FERIRFAGE 84X R22 19T 7, 45 R R
FHIFEFI AT R290 RGEHA H mHY COP ( coefficient
of performance , PERE R EL) . Shen Bo %5"* B 57 %
PUAE AT oK ER H, R290 #5 R134a fIT 5 1
it /N, H SRR T 50%, Fang Xing
SEVRIRIT % BLL R1270 1 R290 S T Ji (125
Z%8 COP ¥J K T R22. Chen Jianbo %500 5 6 46 36
TS EAGE R 5 R1270 F1 R290 4% R22 (9 7]
i, & B R1270 Al R290 ELA H & A COP Fi| %
H, H R1270 B0 R22 (3 B3

TR EEMARE RGN EESHZ
—, M. Mehrabi Sl OAIPAL T TR e A 2SS

FEARZS T TR0 S B il # i (1Y 1) AT COP 52
K, R. Ghoubali %" i R290 &5 #al#E #uk
PRSZIGHESY T TR ISR P RS, & BB E
FLTE R I I SRR TR, A
SCIHFSE K B, RA10A 25 S URIIE R 58 COP Bifi T
FETE R BB AN e R R, EARSE Y S

RERAEM, BAERFTRE T THRAF RN R4
COP 5 o I 2 it 7 J3E 1) 52 56 BiF 5 & 8 R22
FAS NI PO BAEE AR RN R mE &, Bt
HRTFE CoP L ¥,

2 FRrd  R1270 F1 R290 78425 Fl#AHE & 40

@ Pt100% B fH
MoK Q>Eﬁ§%%
@ TR
T ® ==

Vg

BABGERMERE, Bt Eem il R ok
FEHZE AT R1270 Fi1 R290 78 B HAGUHZE #uk
AR RHERE AL TAEM A TFIT R L, A3
THE ) HIGCHA A HOK 8 LA B LR ST T 44
N THFFEE X R1270 RS0 R290 & 4t 16 36
PERE RIS EE A% B PR AR B 23 A s e A, I3
i 7 R1270 F1 R290 7 1 #4305 $A0K 2% b B AR
R22 W99 71, IR AR UK 28 FH 6 i 25 TR IR A
PEFN AR TR R —E 5% |

1 KRS

1.1 XWRE

W 1 s, TR R1270 1 R290 EAC 7 )
(14 S 56 22 40 PR AR AOK 28 FECHE ) R 4 R 4L A,
P PR A T B FE T i sUINIE L FH R 48 B 98 ik
wZRR A IRAE NPOKFE RS EIKAE S R4
HMUNHES BN 63.3 L/min ¥ R22 #FXEZEHL, %
BES FZE R 2530 B i A e S e s |
HEEMSHNFR 1 R, VR B FIZE & 4% N 40 400
R FE A 1 s, R S O R RT3 R
] 5 TR KRR FTS ZN KA 43 ) B A S50 50 R 4 111 L 2
PIFIR A PG, B AR 4 R T ALk
8 Pt100 R S AR 6 2% T DR AR L A, 4
DU A3 5340 UL 15T AR e A R 34 50 A1 8 A v B 2
FE R A R0 T T LB 0 A A T A 1 T R T B AR Ak
T AR AR B T JE R (£0.3 °C) I
Pt100( = 0.1 C) M &, T F & J5 i K J7 48 3% 2%

®

o4
@ CHEETT

m_ﬁ?lﬂmmﬂ

A HKH

=8 — @

il R HLLAE IKER

1 ERXARHBKBLR RS

Fig.1 Experimental system of direct heat pump water heater
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Fig.2 Variations of COP and compressor power with

charging amount
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Fig.4 Variation of operating pressures with charging amount
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tube length under different charging amounts
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