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Abstract The thermodynamic model of a heat pump system was established under the nominal working conditions of heat pump water
heater in this paper. A comparative analysis was made between the refrigerant blends R1234ze/HCs and the corresponding pure refrigerant
through the EES program. The results show that the R1234ze/R600 blend has the best ratio in a mass fraction of (20/80) and R1234ze/
R600a in mass fraction of (40/60). The corresponding maximum heating coefficient of performance (COP) are 3.414 and 3.321, respec-
tively. The COP of R1234ze/R290 blend, however, exhibits monotonicity with the change of mass fraction. The heating COP of the
R1234z¢/R600 (20/80) system is 2.7%, 17%, 0.09%, 16.3%, and 17.8% higher than that of the R1234ze/R600a (40/60),
R1234ze, R290, R600, and R600a systems, respectively. The discharge temperature, condensing pressure and compression ratio of the
R1234ze/R600 (20/80) system are 76.9 °C, 0.711 MPa and 6.32, respectively. The results are promising for the development of a pro-
spective alternative working fluid.
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Fig.1 Flow chart of refrigerant blends heat pump system
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Tab.1 Cyclic parameters for R1234ze, R290, R600,
and R600a

/ Y Y
TR cop " v P r 1/
(J/g) (J/¢g) MPa

R1234ze 2.835 162.5 42.4 1.24 4.15 65.99

R290 3.411  295.4 74.5 1.99 3.73 77.61
R600 2.857 351.2 123.8 0.76 8.02 84.16

R600a 2.806 309.6 112.9  1.06 7.10 80.87
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Fig.2 The relationship between the COP, and mass

fraction of refrigerant blends
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Fig.3 The relationship between COP, and

mass fraction of refrigerant blends
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Fig.4 The relationship between the heat capacity and mass

fraction of refrigerant blends
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Fig.5 The relationship between compressor power

and mass fraction of refrigerant blends

2.3 MRARGHHRBE L RENFEL
HESRE VBRI 7 RN LA — R 3 BBl P A AR A1
BRTRGETHRE ML e, REnHEs
TR ¢, BEIRA T8 R1234ze/HCs JFHAC LAY S AL 40
K6 frn, MK 6 A%, R12342e/R290 R GiHY 1, HH
X i I L Bl 5 28 43 000 3G 0 22 02 B4, R1234ze/
R600 RGEIN 1, ACEY-52 16 76 ~77 C LA WS,
1M R1234ze/R290 R4t W 46 HL ¢, FEIR A T B BC b
38 T vk /N, B R E AT, IR A TR
R1234ze/R600 ( 20/80) ) 1, 4 76.9 °C, F R290,
R600 1 R600a # 4t 4 Ak 0.71 °C,7.26 °C #
3.97 °C ;R1234ze/R600a(40/60) i 1, } 75. 63 °C |
[FRER T 2248 R290 . R600 il R600a, ¥34h, HE IR
EWRRE RGN - EESH, R

B HE R A A T AR T H AR T
DLAAET B B0 =0l JBE 0] o] v 790 R i 3 il 14
e, 5 RIS, 23 9/ by o v4 0] 3 2 aih A R
[ R AR AT 5 e B TR RS, A S K 24 AL ) i
7

84 -
'\\‘\
82} —a— R600
e —s— R290
sl S —4— R600a
O e
78t
76 |
74

0 02 04 06 08 10
VBA TR HRI1234ze R BIRE
6 REHISEESESAIRBELLHXE

Fig.6 The relationship between discharge temperature and

mass fraction of refrigerant blendse
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Fig.7 The relationship between condensation pressure and

mass fraction of refrigerant blends
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Fig.8 The relationship between pressure ratio and

mass fraction of refrigerant blends

24 BREIRMEERED

1RG TR i AR IR A AR B A s
PR SRS IR 25 FE IR A T i 3 P i
TERSARIE | BN I A g () C B R 335 37 5 BA P 3 A )
SEE AR R IR EE DL, £ v e VR R AS0R  BEAR B T
IR ZEG IR AR 2% . EMRFE T 1 MPa
B, R1234ze/HCs R4 150k B 5 B Bt ot o i L 1) 2%
fan& 9 frox, MK 9 ATl R12342ze/R600 1) B
TR AIXT /N | B A 52 S 18 I Dok () i 4 R BRI
PRBC A TR RS H #2153 8. 1 °C ; R1234ze/R600a ( 40/
60) IREMH N 11.6 C,ZfiEaH 5 R12342¢/R600
AEARL, T R1234ze/R290 1Y i B W B ¢, £ 28 A
S22l [T ZH T ] AR T e 258K TR A T T 1
Bk

251 —=—R600
—-R290
20+ —4—R600a

BEW®/C
o

0 02 04 06 08 10
BA TR HRI1234ze AR BIRE
E9REBBEREIAMILHXER
Fig.9 The relationship between temperature glide and

mass fraction of refrigerant blends

3 &t

TEREROREZ LCTHUR X —ondE iR & T
5T R1234ze/HCs I R GG A VEREHEAT T 20 07, 15
AT 5L .

1) B4 LR R1234ze/R600 Fil R1234ze/R600a
A3 AR T H oA 20780 T 40/60 HHFAE S AL BL HE
FEZIC LT, RGAFTE B K AR g R %L cop,
3.41 F13.32, B4 T R1234ze/R600 TE &AL HC H
(20/80) Ak, COP, . R600, R290 , R1234ze . R600a
R1234ze/R600a(40/60) 43 534 Al 16.3% .0.1% . 16.
9% 17.8% .2.7% ., WX A T R1234z¢/R600
(20/80) 1 BB AHT IR T,

2) TERAR L LAY 15 50 T, R12342e/R600 1 T #E
4 59.91 J/g, A% R290 . R600 1 R600a IHAE &
K s HESCIRE 1, 4 76.9 °C, 4 BT R290 . R600 £l
R600a 2245 0. 71 °C [7.26 °CH13.97 C ;28T T p.
°0.711 MPa, 4t R600 . R600a . R1234ze Z 4t/ i)
PR 6.4% . 48.9% F1 73.9%; JEFb r Ry 6.32, [t
R1234ze/R600a Z5if 8. 54% , Ht R600 ,R600a Z4¢
fi% 26.93% .12. 36% , = T & 4t R290 Fl R1234ze, 1M
R1234ze/R600a i T FEF R12342z¢/R290 AH A, K
62.57 J/g, Mt R1234ze/R600 Z Gi [ 1K 6. 04% ; HE
SURBE 1, R 75.63 C KT R290 ,R600 F1 R600a
55 1.98 °C .8.53 CHI15.24 °C ;¥ EEE ST p. H0.966
MPa, {l. T R600a Fil R1234ze 2% 9. 6% 1 28. 1% , %
5 T R600; R L r 24 5. 84 KT R600 . R600a R4t F
T R290 Hl R1234ze 255,

3) 4l T 41 0[] A A o T o5 25 (L ROR TR A T
TR R, 1 MPa R T, = FR & TR AR
FEw R 4 2 e ey e, Hirh, R1234ze/R600
(AL FEE T S AN B/ 7 S A T L Ak I 2 T S 36 )
8.1 °C,R1234ze/R600a(40/60) IR N 11.6 °C,
ifii R1234ze/R290 HI# S

ARTC 32 0 B A R R B R N A S A I H
(20HASTITO019) %¥ B, (The project was supported by Program
for Science & Technology Innovation Talents in Universities of

Henan Province (No. 20HASTITO019).)
Sk

(1] i, HIve RV AEOR T T ot i b R S ka5 [T ], il
Bk, 2011, 32(6):54—-57. (LI Liansheng. Research
progress on alternative refrigerants and their development
trend[ J ]. Journal of Refrigeration, 2011, 32(6) . 54 -
57.)



F4E F1H

2020 £ 2 H

R1234ze/HCs JEL B

BLIRARRGIRINERE ST

Vol. 41, No. 1
February, 2020

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

H—K, T ®EH RS SBR[ T]. Hle s
#z, 2010, 31(5):12-17. (MA Yitai, WANG Wei. Sub-
stitution and postponable technology of refrigerants [ J].
Journal of Refrigeration, 2010, 31 (5): 12-17.)
BLARKE M B, LUND H, Large-scale heat pumps in sus-
tainable energy system and project perspectives[ J]. Ther-
2007, 11(3) . 143-152.

LEE Y S, SU C C. Experimental studies of isobutane

mal Science,

(R600a) as the refrigerant in domestic refrigeration system
[J]. Applied Thermal Engineering, 2002, 22(5): 507 -
519.

WANG Ruzhu, LI Yuwu. Perspectives for natural working
fluids in China[J].
2007, 30(4) : 56-81.

CALM J M. The next generation of refrigerants historical re-

International Journal of Refrigeration,

view consideration and outlook [ J ]. International Journal of

Refrigeration, 2008, 31(2) . 1123-1133.

W&, wde, *REE, 5. FREIA R R1234ze(E) &
HORG TIRPIFEHERE [T ], Hl¥e A4, 2015, 36(3):9-

16.(QIU Jinyou, ZHANG Hua, QI Yingxia, et al. A study

on new refrigerant R1234ze(E) and its mixtures[ J]. Jour-

nal of Refrigeration, 2015, 36(3): 9-16.)

Wb, S, R, S5 RIRE AU HCFCs BT

RESMITLD]. #il¥824H, 2011, 32(1) :1-6.( YANG Zhao,

WU Xi, YIN Haijiao,

HCFCs with low greenhouse effect[ J]. Journal of Refrigera-

tion, 2011, 32 (1): 1-6.)

MCLINDEN M O, KAZAKOV A F, BROWN J S,

thermodynamic analysis of refrigerants:

et al. Analysis on alternatives for

etal. A
possibilities and
tradeoffs for low-GWP refrigerants[ J]. International Journal
of Refrigeralion 2014, 38(1): 80-92.

TR, kAR, B EIBTALENATH HFO-1234z¢[ 1] A6 T8
HIFERE, 2008, 36(2) :10-12.( WANG Bo, ZHANG Wei,
LYU Jian. A new refrigerant HFO-1234ze[ J]. New Chemi-
cal Materials, 2008, 36(2) :10-12.)

45k B, XUES, JEak, 4. R1234yf & R1234ze (E) BF5E
HENER[)]. #5552 u*um) 2015, 15(11): 82—
91. (NIU Yongming, LIU Jun, ZHOU Yong, et al. Gener-
al introduction of R1234yf and R1234ze(E) [ J]. Refrigera-
tion and Air Conditioning, 2015, 15(11); 82-91.)

WA, MR E, SRR, S5 BRI R R1234ze/
R600a PVTx B[ J]. EHTHE, 2017, 45(5) . 13-16.
(CAO Rui, QI Yingxia, GUO Zhiwang, et al. PVTx prop-
erties of new environmental protection refrigerant R1234ze/

R600a[ J]. Building Energy Efficiency, 2017, 45(5) ;13—

16.)

QIU Jinyou,ZHANG Hua, WANG Zilong, et al.Theoretical
analysis of low GWP mixture R600a/R1234ze as a possible
alternative to R600a in domestic refrigerators[ J]. Thermal
Science, 2014, 25(15) : 1516-1522.

MRS B, AR, Bl L, 4%, B T OniR A e R
(R1234ZE+R290, R290+R227ea) SR ARF-AGHF 5[ T].
ML RS, 2014, 31(6) :713-718. (CHEN Xi-
uping, QI Yingxia, LU Minshan, et al. Vapor-liquid equi-

[13]

[14]

librium properties of new binary mixture refrigerant
(R1234ZE+R290, R290+R227ea) [ J]. Computer and Ap-
plied Chemistry, 2014, 31(6) ; 713-718.)

EREZE. ARk X;’%%(EA%'J VPRI R T
[D]. FBI ;. HE T 22B%, 2013, (JU Fujun. Study on the

cyclic characteristics of carbon dioxide-alkanes mixed re-

[15]

frigerant heat pump [ D ]. Zhengzhou: Zhongyuan Institute
of Technology, 2013.)
[16] SARKAR J, BHATTACHARYYA S. Assessment of blends
of CO, with butane and isobutane as working fluids for heat
pump applications[ J]. International Journal of Thermal Sci-
ences, 2009, 48(7) :1460-1465.
FIVANZE A & AR FOK 25 BLAE . GB/T23137—2008
[S]. dtat. o [E A5 Atk 2008. ( Specification for
heat pump water heaters for household and similar purpo-
ses: GB/T23137—2008 [ S].
Press, 2008.)
Engineering Equation Solver( EES) [ CP]. Academic Com-
mercial Version 10. 457. 2018.
LEMMON E W, MCLINDEN M O, HUBER M L. NIST

[17]

Beijing: China Standard

[18]

[19]
Reference fluids thermodynamic and transport properties-
REFPROP 9, standard reference database 23[ DB].Nation-
al Institute of Standard and Technology, Gaithersburg,

D, USA, 2013.

BIEEEEN

FI7B W, B, T B RE IR S BB 2 B, (0371)

62506812, E-mail ; wizzti@ 126.com, W77 W) . o] FAGEIR 5

HEIITRE , PR A T REEOR , LNG R REFI AR .

About the corresponding author

Wang Fang, male, Ph. D., professor, School of Energy and Envi-

Zhongyuan University of Technology, + 86 371 -
E-mail : wfzzti@ 126.com. Research fields:

ronment ,
62506812, renewable
energy and building energy saving, heat pump air conditioning

technology, LNG cold energy utilization technology.





