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(1. BELAEMEEETEETELKE, B2 FEI1361021; 2. bEHBEERFHAER, £ 201306,
3. mEMAWEFEFR, BE = T 572022)

[HE] AR AR EE HFCs (AR y)) ARG, TR HEE &R E, 12
H—FhET AR A T DNOL (R1234ze/R32 f9Fi ik Heob 85:15) , #ESZIX TR RGN IR EABEAL, JET Matlab
WEF5, 8 Refprop WIHESEL, SifiliRA TR ERT, 254G B Ak, XHHIRA TR 728 T.i
HE, JFSEA TR R4I0A . RA04A FT R134a X LUArHT, BFREAE R, 2B BNR & TR ia s vERe
5 HECs H1¥% TRi, HIFRBEPEREMER . ODP (ozone depression potential) 40, GWP (global warming po-
tential) /NF 1505 7EARVREEIR & FIZARZ8 R IRE TOL R, DNOL MR 8EE JIIRF 2. 4 MPa, HEURETE 120 C
PLAF . DNO1 A BEAC i HIE GWP ERR T,

[ X871 R1234ze/R32; EiESA,; MEMMERE; IRETHR

[FEHZ%ES] TB o4

Performance Evaluation of Refeer Container Using

Refrigerant Blends R1234ze/R32
DING Defeng', CHEN Wu’, ZHENG Chaoyu', LIU Shijie®

(1. Fujian Province Key Laboratory of Naval Architecture and Ocean Engineering, Jimei University, Xiamen 361021, China;
2. Merchant Marine College, Shanghai Maritime University, Shanghai 201306, China;
3. Hainan Tropical Ocean University, Sanya 572022, China)

Abstract: Aiming at the problems of non-environmental protection and inability in directly replacing the ordinary
hydrofluorocarbons( HFCs) currently used on refeer containers, a new type of mixed working fluid DNO1( R134a/
R1234yf, mass ratio is 85:15) is proposed. The thermodynamics cycle model was established, Matlab was used for
theoretical circular calculation of the mixture by employing property parameters from Refprop developed by NIST.
Combined with national standard, it is calculated for variable conditions, compared and analyzed with existing work-
ing fluids R410A, RA04A and R134a. The research results show that by the same model the cycle performance of the
new mixed working fluid is better than those of the commonly used HFCs refrigerants. And its environmental per-
formance is excellent, ODP is zero, GWP is less than 150. Under variable condensation temperatures and variable e-
vaporation temperatures, the condensation pressure of DNO1 is lower than 2.4 MPa, and the exhaust temperature is
below 120 °C. Tt is shown that DNOI is expected to be the new low GWP value refrigerants in the future.

Keywords: R1234ze/R32; refrigerated container; cycle performance; mixed working fluid
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514 THsEE, ¥ R1234ze/R32 IRE TR IEIMERE BT =71 -

0 5|8

AR A LA I R BRIV E AU v, JRREAERF— 2 IR, BT B & i is iz
H R ER F 7RIS B R 2B 3 500 f812), 2RI MRS FE Ot 290 77 TEU, YHETRZE
AR A 7 s R4 T, DL HFCs (AURUR) HIRHIh 235, 78 HFCs W UL
& TBiA R134a, R410A, R407C 55, X LEifil 3 T T m S AJHFEWE RE(E ODP (ozone depression po-
tential) & 0, {HIRZERBVIEHEE GWP (global warming potential) 3875, JT4F [F PRt 2 tHAR2EE T AH
KIEFL, DIl SRR I R A AR, BB TE 2014 4EXT F - Gas IEMHEAT THEIT, #7 F - Gas
VERLELAE A 2022 4E 1 A 1 HEES E7ERHKAS A AL AT GWP KT 150 19 HFCs 255185
R, FEEEEPEREL B ARG TSR A e i B2 2 A6 1 T B 5T $15

R1234ze (VUSEHM) BALH . ArREEE, H ODP =0, GWP =6, HA BRI GEIERE.
Sanchez 25 HF 58 T R1234yf, R1234ze. R600a. R290 FI R152a #AL R134a B9 0l 171, 4% 4 % B
R1234ze {9 COP [ R134a % 8. 6% , Mota — Babiloni % /34 T AHARIHIA T R450A (R1234ze 5
R134a WY Lo 58:42) MR, JF5 Ri34a MHEREUEATXT L, R450A BYEZENLFEDNIL T R134a,
MAE COP J51i, R450A Lt R134a 20755 1% . T 7% %} R1234ze/HCs AEHL IR & T I RS A01GE
IPEREDEAT T 40, R4S SRR, 74 L THF, R1234ze/R600 A T () f 0 i = e e A
20:80, Tfii R1234ze/R600a AL AL LN 40 60, TEZEALTEECL T, X0 ] Bk e 2 5
=, A3 3,41 F13.32, i R1234ze/R290 (114 i R AL BH R1234ze Tt 4355 138 fin 22 30 508 T B 1)
%, R1234ze/R600 (20/80) RSy IMERE R E L R12342¢/R600a (40/60) . R600, R600a R4
IR 2. 7% . 16.3% 1 17.8% , 5K FE S FEMELBEN, FEL L THT, X4 31% A HFO -
1234ze, R417A F1 R22 {1 T A2 SURAGE BOUR SR HEAT T, AF9ERP], HFO - 1234ze AT LIMER
R22 5 R417a EARHIA F), FEMGEPOKZ PR, k&850 1k T R32/R1234ze M H R 5L,
@7 T PR AR SIRAENEIRL ) fEJE58 N 500 kPa B, R32 5 R1234ze Fi iR 4 LR 0.25:0.75 i}
REEH SRR, 55 12.7 C,

M T4 R1234ze MPRALTEIRERSDN, ARG WAL, HI24 T EEmIL SIS Lz,
AR R IR BAMBRF T i R32 AR Tk, (A SRR A A K - ST A
R1234ze 5 R32 MRS, VABUKAME, ERIRA T, % R1234ze/R32 1A T )5 1) 52 b o FHBOR
T A N T IRBE X AT T R12342e B0 27% B R12342¢/R32 1RA T RIEEME RS
FREEfTPERE, SRR, EAXEIRX, RA TR RAI0A BA BB IERE, Koyama 1Y
X} R1234ze [R50 50% 1) R1234ze/R32 IRA TR AE R410 RS E b HIERHEN ST, 58 EMH,
TE R1234ze "HE 0 R32 AT LIRS RGPERER B, HIRA TIRAERES R410A $23, HiER/h, fif
D ULE R12342ze/R32 1A T AR AR B4t A HLAL A SCBG T 5Y . AR SC 224X R12342e/R32 iR
A A TR AR R AL A A TR T ER 40T, JF45 A0 UL HECs 28 51%8 T ik
TTXFLE, DARFTR R12342e/R32 IRA T FHAZEGIR AL L AT 171,

1 FEFTRER

FIFH Refprop FHl EARAEXS TR YIPESEGHATITHE., XTI R134a, FIH] 32 S804 5 5 B AT
JFE, X T R410A | R404A K DNOT 28R -G T8, WUIR FH A FHBR G 22 22 B i REIR A i b A 73158
AT DL E R A T IR R, DO ERA TR St 1
1.1 IMRFIREM

& 1 Al A, XJLR TR A ODP Y94 0, R1234ze () GWP Uk 6, H K HFMILN 18 d,
R410A . R404A ) GWP 434 2 100, 3 520, R32 M HA Y, CWP (i 675, JEHE(E, &
R1234ze 5 R32 HS RS TN FRES A2 M LL RA10A Fil R404A /MR, HA —E MR, N
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R4 T R1234ze/R32 (1) GWP il /L B F — Gas BIIEFLER | R1234ze fTF 5 B ABEMR T 78. 4%
FERAYE L, R32 J@ TAREE WA T 0T, ThiHAth 4 FICARFTBA T BT, T R1234ze MR L) i 3
RAR R32 A AT RYE
£ 1 RI234z¢ R410A R404A 5 Ri134a B SRR
Tab. 1 Thermal properties of R1234ze,R410A,R404A and R134a

g /7 B Y= S
TR WA BRI ey KAt 4
Refrigerant C iti Molar mass Safet d ODP GWP Atmospheric
elrigeran omposition /( g mo[fl ) ely grade lifetime/a
R1234z¢ C,H,F, 114. 00 Al 0 6 0. 049
R32 CH,F, 52.02 A2 0 675 4.900
R134a C,H,F, 102. 00 Al 0 1 300 14. 000
CH,F,/C,HF,
R410A 72.58 Al 0 2 100 -
(50:50)
C,HF./C,H,F,/C,H,F
R404A 2T TR T 97.60 Al 0 3 520 -
(44:52:4)
1.2 hiAk

HF HFO - 1234ze 50900, BedEoR | RIGEEM . oM RIGEH . LA EEHH . PAG, POE 54
HA BRI EHEMEY . H R32 5 R134a, R404A [F)E HFCs Z5H01¥ T, HIA] W, R1234z¢/R32 fig
A7 R TR A TS S I v A AR A TR, 6 T Y VR B B4R Y R410A . R404A K R134a %%
T, ATLASERR B R e, O B JRALZE i R A T
1.3 BEBBEH

ok 32 T B S ¥ T IO Y A R R R ST R Y 250, AE
AREIESR T, R1234ze F1 R32 2H A0 TR A V8 F1 (10 7 B iR
JEFf R1234ze [t /-2 (b A&l 1 B, MIEL 1 W]
H, EARERT, BRI R1234z 5 5508
BHHRIEARME, 751 MhrlERIET, A TLIRE
R1234ze B/ 800 82% I, WRERERK, £ 14.1 C,
JE#A 1 MPa, 1.5 MPa 2.0 MPa B, ¥ % ¥H7E
R1234ze Jii B 50 8020 0 80% Wik e Kk, MR A& T M)

Temperature glide/"C

GWP i T 150, HJSATHEFIH R32 BT PERE, A SCRTH] 0 20 40 60 8 100
?%%%U?@\I}ﬁ , ;H\: R1234Z6/R32 E@Jﬁﬁﬁﬁi‘j 85 15 , _E/E‘[ R1234ze content/%
4 DNO1 1 R1234ze

Z = S
1.4 BMZERES ) Fig.1 Temperature glide with R1234ze content
TR, B TR A D 2R T SRR TR changes at different atmosphere pressures

JEATREAHIT , 3K AT LAV DA B AR A 0 AU . 4 B HFCs TR M AR D e ant&l 2 fis, H Bl
2 ATHN, FEIX 4 AP TETH, R410A RYMRAIZEVRE S, 10 R134a ffik, R410A MHAIZERESIZ L
R404A . DNO1 F¥755 16. 1% . 32.7% , [AJiF DNO1 B9 AIZE VR IR 5 R134a £53F . (UIE 71 £
JEF , K DNO1 % 7e 1 7E( ] R410A . R404A =% R134a WFIIHL |, HH T REFaEinlt, Akt
IR A RGEHAT RSN, BEIL T RACA
1.5 B"HEH®

4 FpTRAGIRALTERANIE 3 B, M 3 BTN, 4 Fl 15 A 7 AL T8 IS 6 J5 77 () 8 2 7 AR
Hrf R410A BIRAL TR K, R404A MVRALTE /N, R134a, DNO1 MR ALIE A T R410A FI
R404A Z[A], 24 JJ7#E 0.1 ~3.0 MPa i, DNO1 (7 b A2 L R410A fIK 16.4% , {H EL R404A |
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R134a 4355 22.5% . 10.6% |

1.6 BMSEFE
TR B R 25 Ve ) 548 S T NIRRT IR SR 1, S R R s T . KB T

i TR E N Sh B 2/, AR TAERE B, R 4 a0, PURR TR A9 40 A S AR e TR
KT 40 CI, ZEERERE 2845 F2%, H DNO1 BYZEFEE{R T R410A, 7T R134a M2 R404A, 1E
-50 ~70 °C[8] R410A HYZESE L RA04A . DNO1 70512970 11.2% | 12.0% ; FEIRJE T 40 CHf, DNOI
(%60 B Bt IR P AR Pl e 2%, XA R T HYA TR Ve AR 2 A V8 R 40 i TR B A A
1.7 BIMSESHEY

e TR AR ECGY G T TE 28 K as MR BEas N e i i f2 , RAREOR, e HT
ARG, 4 BT AR IR R ARk AR S s, LS RTRLVE H, 7EMRIR T 4 Fh T8
I FABAZEARK, BIERERT 0 CHE, 4 F TR SFHARBRG, 75X 4 F T, R410A 1
SRR, R134a H/)y, DNOL S AL R134a 5 2.2% .

28+ 0.
261 —=Rl34a 70 Rl $
—— DNOI = 60F |
£ 241 4 R410A = —+ R410A e
= 221 — R404A S 5oL R404A 5
220t =
= T 40t
g 18¢ s
£ 16f 3 30F
R 14} =
ot = 207
10} fg‘ 10}
8 C L L L L L L E 0 L L L L L L L L L J
~60-40-20 0 20 40 60 80 100 120

-60-40-20 0 20 40 60 80 100120

i e Temperature glide/ C

JE 71 Pressure/MPa

E2 aMESENERENTH B3 RUBABENNTK
Fig.3 Variation of the latent heat of vaporization
with pressure

Fig.2 Variation of saturation steam pressure
with temperature

z 701 —a—Rl134a s
£ ¢l = DNoI |
SRS i |
T T |
§§ soF 7 |
8 e YOy
i
2 ig 30+
®E 20t
2 W =
0 Z 10}
8 C 1 1 1 1 1 1 1 1 1 ] DJJF 0 1 1 1 1 1 1 1 1 1 ]
-60-40-20 0 20 40 60 80 100 120 -60-40-20 0 20 40 60 80 100 120

i Temperature glide/C T Temperature glide/C
B4 WMSEFELR E5 MAMSESHAMIEER

Fig.4 Viscosity comparison of saturated gases Fig.5 Thermal conductivity comparison of saturated gases

2 REIRBEINERES

RO HTVR IR AL RE R TR HLAL R1234z¢/HFCs IPERE, LWl RGEMEE, WE 6 Fin, HriRmsE
BERHIA PR RE R A, MEA R EOR™ . TR E i sh; 7685 B I SO & N T Y JE g
N A AT R AR A R A AT T

R TR R AR Hl R WL A B PE A 2 A AR R .

AL RERE TR W, = q,, * (hy —hy) o . g, HHIRFIBTR A, ke/s; h ARAEHLEE D
SOME, K/kgs hy WIEARHLEOSERR HH RSE, kI /kg; W, WIEGEHLINFED), kW,
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AR LAY R Qoe = My * Vg = n/(60 -
v) o H V AR HER R, m’/r; n AR
FEMLAIEEEE , v/ming v, KEZEHLIE CHTE A
B, m’/kg; ny WIEEHL A RBCR, 0, =
0.9 -0.0035 « p,/p, . 2XH: p, A EAEHLHE L 58,
MPa; p, HEGEHLAYH O 58, MPa,

JEAE DL SEBR RSB hy, = by + (hy -
hy) /o B g SR A AR B 4R ALY B
PG ME, kI/kgs m HEERECE, 9, = 0.874 -
0.0135 - p,/p, o %% Enthalpy/(kJ - kg™)

REERTIIRER T TE: Q) = q,, + (hy = he) o X H6 RoERE
i, hﬁ(ﬁ/‘%?%%%gﬂ’ﬂtﬂ IIIJ(.%‘{E, kI/kg. Fig.6 Diagram of the system pressure enthalpy

BRWIBERTTE: Q, = q,, + (b, — hy) o X b HZERERHIIERGE, k) ke,

AR SCR F G ERR4E HAE IR, S S4BCF -5.2 (YY) A HUV AR IR 48 MLAE M 45
PUBEHRL, % AR HLFE 3 A 1450 v/min, HEAE M 19.0 m’/h, F| A Matlab X {F %} R134a, R410A,
R404A, DNOI “TBT#FATESBA AR, Horb TR 2 2850 i 42 VR I8 i NIST JF 4 1 Refprop
9. 1 BAHR3,

HBFFEIRA T5 DNO1 HOEERERE, 2 MR EZARME GB/T21145 —2007 (B HHIAHLAY "™, 4%
TTEA [V 358 Ui B 28 A U BE 25 F T X T G I RE AT 0 AT . 28 RIRBE N - 20 °C, R BEIR
K35 ~70 C; BEERIE N 40 C, ZZKIREH -25~0 C,

2.1 ABRBEXEIIEREMN M

J 77 Pressure/10% kPa

FEZHL 9 HE 4 UL FE 5% W 25 DLLL 11 22 4 3 e 13500
17, EEVEKERZET, SRR Ri3dat o 1y} 00, 13000
BRRE, WRZEHLPEREEAL, S R LA oy Las0o

S a RAVAA—v— 1

[
f=1
T

TR G, Y A T BT b
JURSAE I dE AL HE R EE . AN T W LUE
R, 4 BT HE AU BE A ¥4 R U R Y T
IMF+ %, DNOL Ay HE R 7E62 ~ 118 C [H] 4%
b, TERGHL RVHERIN, R410A MHESIR
JERE, H DNOL, Ri34a A1 R404A 43 29
18, 23, 31 C, H7 HSBERACESHRHSBHIBRETHER

PANT RIS BRI HF — ER L T EAH  Fig.7 Variation of the discharge temperature and volumetric
BBEH ’ TEEB Rt ’ PR FEAEIS B refrigerating capacity with the condensation temperature
1) TR 5 B R, VERCEE KSR HLAL, 78 R1234ze A —E &%) R32 REWE A R = T
Fr i F SRRV B, AR T b, Rk s S PR 2 AR V2 R P Ve B TR EE i AR Ak e, K 7 Af
A HEAEHUR S e I, 4 B TR A S 2 R v e B v B IR B Y v R AIG, Herh DNOT AR
AR LA R134a MHIR], 7EVBERE 35 C YR 990. 8 kJ/m®, WA HEERE K 35 ~70 CHt,
BN SRR A HEAE 595 ~990 kJ/m’ [H]Z5 1k, H R410A SFHIMK 60% , Lt R404A 391K 37% .,

JEAEHLFED Bifi v BRI B A AR AL G R AN 8 JEZR R, ML 8 W AT LAE . 4 Fh T A R 4iALAE D)
PIRER eI S AR, Hd, R404A B RZEHIFED B S, R134a MEZEPLAEL &K, DNO1 [y
JEAEHLFELD L R404A 3K 6.0% , b R134a, R410A 43 5FH)E13.0% . 7.5%

REGAE 4 Fh TR COP WNIE 8 SRk, nTLLE W, BEREHEE TR, 4 Fh T FAY COP 1y
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%511 Tk 45, R1234ze/R32IBA T

BN B, Hodh, R404A 9 COP B ¥ BE IR B i T
B, FREECHRIZL, T R134a 1Y COP i, TEREE
HEE 35 CHE R 2.32, EREERE N 70 C BN
0.85,
2.2 ERBEIXEIMEEEH M

TEVR AR TR R g, MR EERE —E /T,
KRR T 2 FEURG PRSI K, ]S
LEASRRAR, FR4AHLAY BTt i i m, &1 9 ANiEl 10 43
HFTR 4 Fp TR G AR EREZE & R AR L SC R

HE 9 AlAL, XFF 4 A TR, HEEEEMRT
0 CHE, FZa L HESC R B #0 b6 28 & W6 19 7 5 i
R, o, R410A BEGEHLHEIRE o5, Ri34a
KZ, RA04A BYHESIR L Bl 2 AR 2 1) v A2 Ak e
JFZZ, DNOL P HES IR Fe Ik, M 56.6 ~74.3 C;
RELR BN IYIE 4 Fh TR COP FifiZE & iR ARk it
#OMLIEH, 4 FLBRA COP YREZE K& IR T
EmE o, Hod, DNOL feok, 7EZEEIRIE MO C
if, COP k%] 3.5, R404A /)N, R410A Y COP fE
FERILE RO CHE, 5 R404A FEAR—F, EKEE
fE-25~0 CH2Zfkat #h, DNOI /Y COP #%
R134a, R410A, R404A 535 F34E 7.2% , 12.3% ,
15.0% .

Y P10 AT, 4 Fl 5 04 A0 28 AR A 1 38
Bl ZE R B i E i, Hor R410A AR 25
FUHIV B fe i, R404A YKz, 1 DNOI Al R134a
BAK T, MAERBESE -25 ~0 CHZfLE,
RA10A 1Y 47 25 BLUHI ¥ & B R404A F ¥
46.2% , # DNO1 V¥ 140. 3% 5 Bl ZE A& U B 1Y
4k, R134a WYE4A L K, DNO1 IRZ, R410A
5 R404A FEAHA

3 #Hig

ASCXF DNOL . R410A . R404A F1 R134a 4 Flik
P TR 2 RE AT T XTI, [RIEEXS T AE 8
AL BRI A ML L AR EAT T 08T, 151
LI 458 .

JoT V3 LS B AR IR PR e BT 75 -
24r DNO1 :—=— COP; 2 W, 5
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Fig.8 Variation of COP and the power consumption
of compressor with the condensation temperature
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Fig.10 Variation of volumetric heating capacity and
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CHY, BEERRE NI BT, SIMAEET R4I0A, R404A, L R134a 5 2.2%

2) 4 BT COP SAREV BE IR B /) T iz T R, b DNO1 FREf: W 2%, R134a ) COP
Befm, WEEREETE 35 ~70 ClARfLAT, DNOL X2 R134a MK 11. 3% ; 78K IEELE -25 ~0 CHYZAE
it rp, BEEZE AKRIER TR, 4 FF TR COP ¥ Z W 7, [F A DNOL f COP % R134a,
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