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MRk Bt R1234z¢(E) /HCs BB IR

MK RI4a WIBIEWHR

TR, RBE, ARA, KT, A R

(1. BEEAFBRYITHEFER, BE FI1361021; 2. BELAMMESEETIRE S LT, B F17361021;
3. Bllwisks Fig A AR AT, B2 EI]361024)

[HE] MR EDUKEDE R134a T, %8 MIX01(m(R1234ze(E) ): m(R290) =40:60) . MIX02
(m(R1234ze(E)): m(R600) =85:15) Fll MIX03 (m(R1234ze(E) ): m(R600a) =75:25) #k4THF5T, 7 HE
RS2 R Matlab 2044 A Refprop 1280, S IREFARHEXT 3 FHRA T 474 TodiT
B I SEA M TR RI134a ST T, 250K 3 Bl R1234ze(E)/HCs TJH )R EHFEEE (ozone
depression potential, ODP) 0, 4FRAFBZWE(E ( global warming potential, GWP) #B/NT 20, X 3 Ff T4
Sy TR, o, MIXOL ZEHESURLE | R4 L B R A A B v AL T R134a,

[E4R] ME TN, R134a; R1234ze(E) ; HEHUK 8

[FEHES] TK61

Theoretical Study on the Replacement of R134a by

R1234ze( E) /HCs Mixture in Heat Pump Water Heater
DING Defeng"?, ZHU Zhenxiang’, ZHENG Chaoyu'-*, ZHU Ziwen"?, LIN Huajian"?, CHEN Qingpeng"’

(1. School of Marine Engineering, Jimei University, Xiamen 361021, China;
2. Fujian Provincial Key Laboratory of Naval Architecture and Ocean Engineering, Xiamen 361021, China;
3. Xiamen Municipal Southern Ocean Technology Co., Ltd., Xiamen 361024, China)

Abstract: In order to replace the R134a used on the heat pump water heater, MIX01(m( R1234ze( E)):
m(R290) = 40: 60), MIX02 (m(R1234ze(E)) : m(R600) =85:15), MIX03 (m(R1234ze(E)) : m(R600a) =
75:25) were studied in this paper. The thermodynamic model of the heat pump system was established. Matlab
was used for theoretical circular calculation of the mixtures by employing property parameters from Refprop de-
veloped by NIST. According to the national standard, the three mixed working fluids were calculated under vari-
able working conditions, and compared with the working fluid R134a. The results showed that the ozone depres-
sion potential (ODP) of the three R1234ze( E)/HCs working fluids was 0, and the global warming potential

(GWP) was less than 20. All of them belong to near-azeotropic working fluids. Among them, MIX01 was superi-
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or to R134a in terms of exhaust temperature, compression ratio and volumetric heating capacity.

Keywords: substitution of heat pump working fluid; R134a; R1234ze( E) ; heat pump water heater

PR HOKERBENS I\ SR A ARG SO BE TR, 7ETHFESE B SR A BE R, HHUK =5 L i ok
A2 ~3 A5 FEEREE . ZUEE L AR ER Jr E Bos H RAFRO R R AT  2SATE T
EHUKES LAY R134a, BRI R EBFEIE (ozone depression potential, ODP) 40, {H4ERASIE E{E
( global warming potential, GWP) £y} 1 300", JB4# S (hydrofluorocarbons, HFCs) 28 T %, M4
2016 4F 10 H (SEFFRURBCE D) 45 28 WA 7 Kes ik “EmAMEIER", Kk EZAE 2019
M2 F B VIR HFCs, R EZ 5T 2024—2028 4E[a)%F HFCs 1725 =0

METHIEHOK A LAY R134a B TR FEA RS S WZE (hydrocarbons, HCs) . A HIE IS
(hydrofluoroolefins, HFOs) K HAHEHIRASIE THRD' . HCs 25 T2 H R TR Ha W 7 i —Fh gk
RT, EEA ODP 0, GWP AMRAYIL S, FLAEIRAE 358 T LIRS (R290) A TR AY ELIZ UK
PHAEME MR LT &, S EAMIZT T FHRESEOT R ERER I, S5 K0T, %R
R G RE R BURFFAE 2. 57 ~4.30, BEMEXTE P Seifese (i, T SAE T A% R290 78 5 15 e R;
FEZEAILIH L H s AR . R290 53 ¥ Vi T B A VR 5 P 66 AR A I, 2 o o S B0 11 22 B 2
W, MCARIEIN, ZRGVEREREERT 11, 4% , A BRI IRTE 23.4% , B HCs (EE B A 5
Wi DR, T BRSNS AR AR AT . R1234ze (E) S22 8 /R ML IR RIHE A4 1
MR T %, HA ODP S 0, GWP KA, H G, I BHERN, (HI bk K
R1234ze(E) 5 HCs R TRA MRS T5, HOEHMEE T A, Righei 5" Xt R1234yf, R1234z¢(E) |
R600a N i VR 45 2N 28 R AR AE 28 A IREE 430 15 °C | 20 °C FIAS [R] il ¥ 390 o i 3t i 1 A 2% & PR RE
BT TR, BES M T8 LA el T R290/R227EA | R1234ZE/R600A (R4 T F
A D EfE, M TR BB B T LR AR . Qiu S5 BFSE T K H VKA IR A i
R1234ze/R600a X R600a AT RENE, 45K, R1234ze /R600a ()R] #XVE L R600a ik, {H B2
FUR S wE AR, AR A 5 I HOK R LA R134a B0 T, A3k A NIST REFPROP10. 0 %
PF, RAZWME A e B E TR, NREE BN A, EREG TRNRERS
i, FFRR G TR THEEHUKES ERYsi TR S R134a AT HAEL, 4087 3 Fl R1234ze(E) /HC
RA TR R134a BRI 171,

1 BAEIRASHMHBE
PIEHIKES [ R134a T AR ERE B RAELL R IR S . 1) ODP 0, GWP RA[fE/N; 2)
BRI I AHE 2.5 MPa, ZERJESIE T0.1 MPa; 3) B AHHE AT R134a,
AT 2R R134a IOIRS TRAVZH " L3 1,
£1 ARARIREMNSESY

Tab. 1 Characteristics parameters of several heat pump working fluids

PEE TR #imX wRifEkS/C oDp GWP KA FHfn/a Zaetk FE G
R1234ze(E) C,F,H, ~18.973 0 4 0.049 A2L BRI AR AT RN
R134a C,H,F, -26.074 0 1 300 13. 600 Al GWP #7
R600a C,Hy, ~11.700 0 4 0.019 A3 A ST
R600 C,Hy, -0.490 0 20 0.018 A3 A A
R290 C,Hy -42.100 0 3 <1lh A3 BA AT R
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e 1 AfA, X LR TR AY ODP ¥k 0, R134a B9 GWP Jy 1 300, ifii R600a, R290, R600 Y
GWP 433 4 3. 20; R1234ze(E) ) GWP (U R 4, HRSFM{LHN0.049 a, R1234ze(E) . R600a,
R600 . R290 i GWP H/NT-BR F-gas B SR B9 150 FRAENS . 4liffi R1234ze (E) 75125 S h AR B2
WBR M 7.5% ~16.4% , 2 ASTME-681 J5 3% I B A-11 J7 34K, R1234ze(E) AR R600 |
R600a, R290 ELA il itk

BELIRASANFHBEILR
2.1 AMESEAH

PEEHOKES FEHM R134a 1920, % ZOREM TR MK 5 R134a (R AT REHR T, X
FERT L8 BN A AR 5 R 5 9 1 R 28 A0 ) R AR A e L 1 BTR, AT,
FEIX S T, R134a BMAIZESE 15 R290 FEASRET-, 1 R600 A%, 7F —30 ~95 C, R134a
F M AIZE SR T R1234ze(E) E2931.9% , R600a Lt R134a £ 53. 7% , R600 Lt R134a i 86.2% .
2.2 RUEH®

5 B TR B TR AT BE TR () AR 2R an & 2 ez, RIS T %) 3 A R A5 ot e B 1 T v
BT, Hob R600 AL VE i K, 76 30 ~75 °C, R1234ze(E) BY7ALEIE /)N, R134a,
R600a 5 R290 AYIEALIEHVE S T R600 H1 R1234ze(E) A, TEURE H —30 ~95 °C, R600, R600a .
R290 AUVEALIERAE 32 Jy R134a 4 2.27 . 2.24, 1.83 1%, R1234ze(E) HIEALTEHVE L R134a 1%
2526% , B/INEALBEPE AT T R1234ze (E) 10 R134a MO AL,

4.5 500 -
4.0F o Egi‘lze(E) o —— R12347¢ (F)
o a As " —0— a
3.5f A R600 4 400 T e
v R290 ¥ Moo avie \ —— R290
3.0 % R600a ¥ - E —+— R600a
2.5 # = 300
0 £
2.0 :
= f»f 200
= Lsf e ~
& i
Lor ‘ " 100t
0.5} d\j‘
0 AL L 1 1 1 1 1 0 1 L L L L L 1 1 1 1
—-40 20 0 20 40 60 80 100 120 140 160 -40 -20 O 20 40 60 80 100 120 140 160
6/°C 0/°C
1 MEMESENEEENTH ML 2 RUBABMEENTHMHE
Fig.1 Variation curves of the saturated steam Fig.2 Variation curves of the latent heat of
pressure at different temperatures vaporization at different temperatures
2.3 SEFE % o
= = = P e D R1234ze () ’,‘
TR SARE AR TR SRS, D o R ,
MR EE— 7 W T LAREAE TR AT, S — £ a0 | — R0 F 7
—— a i
N \ S I~ L [ F
Jriin, AREE R TR E ARSI EZ /N, ART 2o

W& 16

IR B R . B3 AR, EIRE(RT 80 CHE, 5w ]
TR AS B B IR RO AL N 2, R600 9 T )
SEERAK, M R1234ze(E) B UEHE R, Ri34a, 10 I oot
R290 . R600a (A% 4 T R600 Fil R1234ze(E) Z o L
I‘ETJ, ﬁ%é@%?&%ﬁ@zmx%”? R1234Z6<E) X;J- R134a E/‘J -40 20 0O 20 40 60 80 100 120 140

N 6/°C
B, B3 SAMELR

Fig.3 Comparison of vapor viscosity
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2.4 BRRE 60r 5 Ri234z¢ (B) 0

AR TR ARG TS e — | o Tk Loy
feid, SPHRGREORR, BARTHM, BRRGRE - | TR 7Io 4
PR, S TS SAREGIR 0B R B 0] Pz,
K4 FR, AT, fE-30~75 C, SATHRISNE | A v
HOZE AR, AERIERT 75 T, 5 MRS 1 Tt
IAMRN, XS BT, R290 MG RAEAME T e e
K, R1234ze(E) M/h, 760 ~95 T, R1234ze(E) ¥ 10} BEEE o000
93 3 R B IE R134a 1% 4.0%, 1 R600, R290, o
R600a ()R I 1L R134a 7 14.5% | 35.3% . 940 20 0 20 40 60 80 100 120 140
19.2% , % & 05 R BCAH F T R600, R290, orc

B4 SESARHLE
Fig.4 Comparison of the thermal conductivity

R600a 7E4 R134a BT,
2.5 HBEK
R134a SESET YA, HEERM T4
M, MWL EER (PAG) , RERZ (POE) . RZJMmlk (PVE) M,
R1234ze(E) S50, LidoR | RIGESH . ERGEN . LR, PAG, POE S48 HA R
W EZEET ) R290 5 PAG WM A R BEME, LRI 2 et 5 G0l bk B 2 ] ik 45
Z I ER ", R600, R600a X AN [l KA B (14 ZR ML HAT Bt (0 38 v
Zi b, R290, R600 M R600a VIALIEIME I, SIAREGE, HE TU0 PAG pyiE ¥, (HEA R
AT IAYERE ; R1234ze(E) HAVRALEIVE/ N . SRR BUR, 230768 KAEES, B4 R AR bk
REFN—E M FHEATE . HCs 55 R1234ze(E) ABIE MR G TRRREWS SCBLPL 3 EAh, JO7E 0 # R R 4
TR ASHILZEL ol T 490 i

coefficient of vapor

3 HASRESEHBE

TRA TR EAA I 2l TR B Ak, al s 14 —— R600/ (R1234ze (E) +R600)
A2 e W65 b AP % N YELA HYE RE —o— R600a/ (R1234ze (E) +R600a)
AR TR RE RIS T AN, (HIR A T3 By IR 1T ok e R290/(R123422?E)+R290)

ek, HRERG L EMR, ¥R N
TRWECEL, #EMsZm R G TERE, TEARERSET,
TRA TR AT 2 B R600 . R600a, R290 JFit: 4y
BB Z i 5 fios . WIELS ATHL, 7E R290 it
50 60% F, i R1234ze(E) F1 R290 4H 8.1
RATRAREEBIET 1 C, Mimdt TE2,
fEIFAE R290 114 5T &2t 73 U8R B 47, R290 1Y % £ i
L, A LA AT E MBS . R FE s &5 R290
R1234ze(E) X 2 Ff T 4 A B0 5, B & 3%
R290 Fl R1234ze (E) #% 5 bl 60: 40 2H IR & T /%

BT MIXO1, F AR A A9 43 A 7 s, #5€ R600 I E5 HAEXSETESERBHMEENMOTHHE
R1234ze(E) ¥R E N 15: 85 AR & T. Fig.5 Variation curves of temperature glide with
MIX02, R600a 1 R1234ze(E) #% G bl 25:75 41 mass faction at standard atmospheric pressure
RS T8 MIXO03

RLEE T B8/ °C
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4 TRIBRIEAEELERK I +0] TN

4.1 ARAGAERMET 20/ S |
RS TIRAERRIK R G B TR, 20 - o o3

R 6 BRI 2 Ge e TR, 8 IR oK 25 10 Ak 43 §%1

TR, IMEMTFRE™ . 1) TREBEmR; 2) & 04

B R SUE N TR 05 3) WA MBKE )

PRl 4) WAL, / 7 ‘
Iﬁﬁmﬁ&ﬂ(%%ﬂﬁ}ilﬁ?ﬁﬁtpEﬁ£g1+%‘"//—‘\ O.1140 174 208 242 276 310 344 378 412 446 480
G /(11 KilJ-g™)
1) LAY RE &y /N B6 ZgERE

Wen = 4.
Hr, ¢, WRE TR (ke/s); h WEGEHLIE R (1/g) s by WRAEHLAGIZPR H 1R (E
(J/g); W NEGHLIIFE (kW) ,
2) JE4AHLAY T i A

(hy = k) (1) Fig.6 Diagram of system pressure-enthalpy

Qe = My Ven/ (60V,) ¢ (2)
Hrr, V(llsjﬂ}fgﬁfﬂﬁgﬂly—jhi (m3/r) i n ol IR SRS (r/min) ; V, ARG HLEE O T A AR
o (m’/kg) 5 my AEFPL AR, HitaAAh
ny =0.9 -0.003 5p,/p, (3)
Hrr, p, WIEGEHLIECESR (MPa) ;5 p, AHEAEHLAYH SR (MPa) .
3) JE4AHLAYSERR H P (AR

hy =h, + (hy —h,)/n,. (4)
Forb by RS R4 IR LA BAE 1 DUSE ()/g) 5 SRIRCR, HAtA A0
n. = 0.874 - 0.013 5p,/p, (5)
4) BEEGRBIRER TN
Qu = ¢ (hy = hg) o (6)

Hrp, h WA ORE ()/e) .
5) ZEEMIRER TN
Q. =qu(hy —hy) (7)
Hop, b AZERBEOE (/2.
4.2 HEIRMERE
K H =22 RB247GHAC By ESEHEY . HAE#H A 2 860 r/min, HES N 24.7 ml/r, BENEN
1030 W, fHI#E k2880 W, K GB/T 23137—2020 ( FHAEMHEAEROKESY HE, 25

U, FESTHTAEEIR X R MERE AL R, REFIGE BUK SR 2R K 10 °C, W EBERE N 60 ~
90 C; FEMIZERIREXT RENERRAFE MRS, (REFRBERE N 65 C, ZERIREN -20 ~20 C, if
PPEEFREEYIN 5 °C o A Matlab 2045 T AT IS AT, Horb, T RAY ) 2= S50 i
R F PR F 26 [ NIST JF & 1) Refprop 10. 0 3R {445 2],
4.3 AERRENEFEERRNME

FEARHLIHE IR S IR UK BRI % 21817, A RAE I B ] =Rz 17, T 18 i i 2 5 R
i, HAMERESUAL, faF RN, ok IR T A% P il R 4a ML HE R . B 7 wf
UL, 4 Fp T A HEACTELE B REA BEIR EE T = i TR, SEAR RN R, Hoh . Ri34a MHEAEE i

i, HREERE N 60 ~90 C I, Ri34a BHETHEBEAE 75.4 ~109.6 °C; MIX03 Ay HE il & R fIX,
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MIXO01, MIX02 7F R134a Fll MIX03 Z[A]454k , 7EREEILE N 60 ~90 CHf, MIX01, MIX02, MIX03
HESRE B R134a 3915 2. 5% , 11.1% , 11.7%

BAAL SRR A AR — AR T A I FAGE T, AR — e i, LSRR AR /N T R
HRMPEI R, T EICECE KA R AR, 7EE 7, SEER /R A0 2 B 25 BRI A A B v i
FIARfE A S AT, MRAEHLE i — i, 4 Fh T A B 2 AR A e 4 B VA R IR R ) T
ik, BAMICHR, Hrph, MIX01 AL 78 BT G e =, [ R134a 2405 18. 4% 5 MIXO03 [ HLA 45
PRI PG L R134a 115 24. 3% 5 MIXO02 (B 25 FURI AR B AIK, L R134a fIK27. 4% , 763X 3 FliR
AR, MIX01 BB ARSI E R, BATER R134a 194 FIPLE

FEARHLIIFERAVS BER L (AR R AN 8 SR/, AT UL, 4 Fp T 5300 FR i AL T #E 2 B v B T 1)
FrEfiter, A R SR TS, RARPLDRE T ER R, Hod, MIXOL (Y R4 ML) FE B e
R134a 1975 45 ML I #E f fI%, MIXO01, MIX02, MIXO3 F¥)JE 45 ML B #E 43 9 [t R134a & 10.7% . 0.7% .
3.5%,

RGAEA PP TR T AIPERE REL (coefficient of performance, COP) UK 8 ML, W0, FEER
BERBER TR, 4 AT COP %MW F g, Hirbr. MIX01 B9 COP =A%, i R134a M &, MIX02
) COP 37K 5 R134a £5F, FERBEHRE R 60 ~90 CHY, RF MIX02 /EM#IE TR HUKES, H
COP -1t R134a 291K 0. 73% , 3% 3 Tl R1234ze(E)/HCs IRA TR R EH, Bl COP 2
MIX02 fER R134a B A T A FIEE

ca MIXOL:—a— ¢ i—a— @, 140 3.2 MIXOL:—w— F_s-o- COP 130
MTX02: e 7,0 —o— 4, = 3.0 5, MIX02:—e— 5 COP
110 MTRO3:-&— ¢, 35— @ .Y3.5¢% L MIX03:—&— 34— COP
Y v g 2.8 /
Ri3ar—vy— g5~ 4, __v'»w & Ri34a:—v— #_ ;v COP M 2.5
Y - 2 B 2.6 com S/ /A
e 307 =
- v
1 ®
5 nE g
* =
oo &
2.0 4 =
ki
1.5
Lo
60 65 70 75 80 8 90
BB/ C WERRE [ °C
B7 HSEERBURRAIAERSEEENT ML 8 EHHLINFEF COP L REBEENTH ML
Fig.7 Variation curves of discharge temperature and Fig.8 Variation curves of compressor power
volumetric heating capacity at different consumption and COP at different
condensation temperatures condensation temperatures

4.4 FEEBEWEIFERENZME

EREPOKIE R G, MR EHRE — @R, ZZERENTESSEUREIIR LK, WAL
ZRRRAL, ML TR RN, B9, K10 J& 4 Fh TR IE I RE 2K & IR ARtk 2

HIFE ORI, XFF 4 B TRT, FRAGHLAHE R B BEZE & RS I TR AL, PRBRIR AL,
AHTFRZRG 2T, Hr. Ri134a BREVLHEERE &, MIX01 IRz, MIX03 MHERE R, 7%
KARPEN 20 ~20 CHE, I R134a VAR TR ESHL, HHARERERE 78.6 ~92 ¢, fii ]
MIXO01, MIX02, MIX03 fF K #4E TR ny R 4e, H 48 Hl 0y HE<0R 70 5l te R134a 29118 3.3%
12.6% | 13.6% . 4 Fh 105 (0 B0 25 B A Y A28 R W T i Tk v, ELTR S sl RO, 31X
SEM T ERLBRERAL, RAVI AR, PR FBOR AU AL, E 9 LR, H
W, MIXO1 AYBAN AR B, R134a IRZ, MIXO02 /b, Yz K IEETE - 20 ~20 °C A28 fkA,
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MIXO01 AN 25 AR [ R134a 55 28. 1% , 1 MIX02 . MIXO03 A4 BAf7 25 FR I 34 2 1) [ R134a {i%
27.9% . 23.1% .,

100 TR0l ) 3.5 716
fle feam s Oy 5, MIX01: —=— COP3#—=-¢ X
T e o ¥ MIX02: —— COP3--o¢ A 14
MIXO3: —A—, 3 =20, 2| ‘E MIX03: & COP; ~ ¢
¥ Ri34a: v g5 v 0,7 <
9] 9 [ " " 7438
ER o
1o [T £ &
i E S
s S
80 {éj
o 3
‘E:i;i,(g EJF
[ #e 2 e
Ai2222e0ey
70 L 0 I I L 2
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HERESE /°C AR/ C
9 HSEBEERRURRHAEMELZEETUXER 10 COP REHILMERBRENTNLXR

Fig.9 Variation curves of discharge temperature and  Fig.10 Variation curves of COP and compression
volumetric heating capacity at different ratio at different evaporation temperature
evaporation temperature

FEG e AR MLHER SR L0 R T HUAE, R4t Kol S BUR AL BURCR AL, HERRE
Fhi, SEPRTIFERG I, W E RAEALAY A R0 L EORAE 8.0 LATF . 4 Fh TG Y 45 LU Bl 78 % 1 B 1 A48
R E 10 LT ~, 2RI EBAL, M4t Fafnr L&, Ri134a 76 L EEMKT
-6 °C, MIX01 7E{&TF - 14 C, MIX02 7E{&T -6 °C, MIX03 7EfK T - 8°CH}, ©AIAY LSS L1t
8.0, #KEIHELETT, W4l R4V A4, FRHZHESE, 75 -20 ~20 °C, MIX02 A9 E44 L
FAY R134a £5°F, 1 MIX01, MIX03 A9 46 b3 il 1 R134a K 21% | 5.5% . TEiX 4 TR,
MIXO01 Y Hs4i F 78 K i i AR A o P 22, R ITA R TR RS IR A T iE17

4 PP TR COP RifiZ€ & T A AL an & 10 SE£ i, nl bk, 4 Fh TRAY COP YRt 2% & i %
PRI , RIMERE S, R irrEagdtr, H, R134a 1Y COP fm, fEZERIREN
10 CHf, H: COP 4 2.44, H MIXO1 &5 6. 1% , [t MIX03 5 2.5% ; 7E#AEEIXE], MIX02 A COP
b R134a P 1. 9%

5 #ig

ZASORE MIXO01 (m( R1234ze (E) ): m(R290) =40:60) . MIX02(m(R1234ze(E) ): m(R600) =85:15) , MIX03
(m(R1234ze(E) ): m(R600a) =75:25)%% 3 FhEAER R1234ze(E)/HCs TRAEEEHUK 28 FVE RN R134a AU
AT 7RSS HT, 453K 1) 3 Fi R1234ze(E)/HCs (1) ODP iy 0, GWP 4K T 20, IREEHF/NT
1°C, MEHWB TR 2) ERAIREMT - 14 CHE, 3 F R1234ze(E)/HCs A9 545 L Y#EId 8.0, TR H
ZRIESR; 3) TERBIEAEREITIR, MIXO1 AYERA; 25 FRHI 2 3 Flt R1234ze(E)/HCs T H 955 5
H: COP MAKT Ri34a, (HAEHESRE . JR46H S AN SRR EEVET Ri34a, HAFTRGAMUE T
FUEIBTT,

[ & % 3 ik ]

(1R FT i, )i . S T A I i IX G 28 REHOK S AY Z2 DR RS BT [ ] WA HLIK, 2019,47 (7) - 80-
84.
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