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ABSTRACT: The characteristic of working fluids is one of
the important factors that affect organic Rankine cycle
(ORC) system. Under the different heat source temperature,
11 substances were adopted as the subcritical ORC working
fluids, R245fa and R601, as well as 9 non-zeotropic binary
mixtures in different mass ratios. The thermal and economic
model of the ORC had carried on the analysis. Finally, the
method of grey correlation was used to evaluate the system
performance. The study shows that the thermodynamic
indexes of non-zeotropic binary mixtures are approximately
inverse proportional to the temperature glides. When the
temperature slip is greater than 5°C, the pure industrial

performance is better. The system using the non-zeotropic
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mixtures is less economical than the pure working fluids.
Incombination, when the heat source temperature is fixed,
the grey correlation grade increases first and then decreases
with the increase of evaporation temperature. The
temperature glide of R601/R245fa(0.1/0.9) is the best and
its performance is optimal. Using mixed R601 and R245fa
as working fluid, system performance is best when the heat

source temperature is 160°C.
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organic Rankine cycle (ORC); grey correlation grade; heat

source temperature
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Fig. 1 Schematic diagram of organic Rankine cycle

using non-zeotropic mixtures
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Fig.2 T-s diagram of organic Rankine cycle using

non-zeotropic mixtures
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Tab.1 Thermodynamic and environmental properties

of working fluid

T  Ta/CT pe/MPa TYCT  ODP  GWP 74

R245fa  154.01 3.65 15.19 0 950 F LR
R601 196.55 3.37 35.87 0 20 F LR

1.4 REVIHEZGHEE

RYCK R R &N 10kg/s 1TSS 5 5 40
VERARIERIE, R H AR AR, NOERE
BN 25C, HEREHRSEHA T RRE.
TS AR PR Al T R SRR, AR R
N O150°CHY, RGEMIIHERME TS 2R EFE T
K Fy RIEHERJFIRE 120~190°C 44 T I K
BRPOEM IR G TR R AL EERE. KA
I R 8 0 28 R A% AN T 3 (R PRI R SR
PO, #sE IKPLN DAL TR KK )T
AN 2=l T AL SR A A N R
TALRIFL, N RG I TE BRI AR X, WE
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Tab.2 The operating parameters for the ORC system

ZH Bl
TGN CHRE T7/°C 120~190
PR BT R mef (kg/s) 10
IRELIRE To/C 25
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B HK N DHREE o/ C 25
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JiR 25 R TR I R R B D A T () 75 R R
TRA TA T 7771 (36 5305 B v 4l T 1) 74
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MR ZE, RS TR R, e 2
P VARG R T 4l TR 28 RANA B FR iR 22,
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BE, [FIE N T 9ebrit 2 b K % % 1 da e 12 1T,
AR IR A TR ZE KRR 1R 8 A A ik
JE 1R Bt SR v e, KRS TRAKRIED
N T AR 1 AR X T R85 R AR 4l TR

AP LR BER B, EECR AL ORI & TR
HA TR ARG HIIERE .

FARFEAE SR OV, SEUR A TR Ag
TSRS PN ) 2% il P A Bt AN AR I, A
PEREI 11 A T80 i3t 4T RGEIERE 0 LA, BAR
BOE I THLRUNER 3 o, R JE A Matlab
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Tab. 3 The state point selection for system using pure

working fluids and non-zeotropic mixtures

T 2 TR WA TR
T\/C TJC T,/C Ty C

T 1 69.95 37.46 75 35
T2 75.35 37.46 80 35
TH3 79.95 37.46 85 35
T 4 85 37.46 90 35
TH S 90.35 37.46 95 35
T 6 94.95 37.46 100 35
T 7 100 37.46 105 35
T8 105.36 37.46 110 35
TH9 110.4 37.46 115 35
T4 10 115.43 37.46 120 35
T 11 120.46 37.46 125 35
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Fig.3 The evaporation glide of the R601/R245fa for

various composition proportions
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TEZERIFEH 75 CAAL 3] 95 C I, 3R % H Th &%
i 156.59 kW ¥ KF] 175.09 kW; 7£Z K IHE H
95°CAZALE] 125°CHY, M4 tH DI % H 175.09 kW
IR/ 108.46 kW

180

—+—R245fa
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Fig. 4 The net output power of the R601/R245¢fa for

various composition proportions
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I, RGFHEHTIE ST R245fa R4 R601/
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AR IE R 105°C (P T4 7) L FRS, Rt
i H I T R245fa RS KBRS L4
HIFEA T R601 RS, &% mH 4l T R601
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EZR R =T 105°C B H Th 2/ T- 4l T
R601 RG, 152K BER E N, 4 Hh Th 2R HUAS 5
/ME . R601/R245fa (0.1/0.9) R G T HABIR &
TRt TR, @ T 40 L R245fa R4
1.76%~16.12%, mT4iT/H R601 R4 3.14%~
18.14%.

PLESERE, JBA LI R601/R245fa )i
= N(0.1/0.9)~(0.3/0.7) 1, YR A 5 I e K B

&S T WM Al T R4,

5 NAFETH R ORC F % AL AR,
M. AT, BEEZAREENT S, PR
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Fig.5 The thermal efficiency of the R601/R245fa for

various composition proportions
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% . JBE L R601/R245fa Jii & L 4(0.1/0.9)~
(0.4/0.6) (0.8/0.1)~(0.9/0.1) R G R i T4 T
Jii R245fa % 45; H P R601/R245fa FiE Ly
(0.1/0.9). (0.2/0.8)F1(0.9/0.1)iF, RGEHIHRE =
T4l T R601 R4t .

DL &5 RER I, TR A T R601/R245fa [ &
EE4(0.1/0.9). (0.2/0.8)F1(0.9/0. )i, VEA TR
PR E T A4 Tl R4, HAF R601/R245fa
(0.1/0.9) F & v LLARAS AL I HA R

6 AARETHT ORC REGMARE AR,
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Fig. 6 The exergy efficiency of the R601/R245fa for

various composition proportions

MZERA K. 1RGN 4 DN 2R 2R
R Ko BEAEZ RIS FERFE, TS H A )
PR IR ZE R, 78 RO AN ] A R R
WK, SERR IS Z G K Hd R601/
R245fa(0.1/0.9). R601/R245fa(0.2/0.8)F1 R601/
R245fa(0.9/0. 1) R A B &SR, 75alN
32.00%~44.90%-30.83%~44.60%7F1 29.61%~44.41%.
R601/R245fa(0.6/0.4) B R A, N 26.44%~
42.86%.
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Fig. 7 The cycle power ratio of the R601/R245¢fa for

various composition proportions
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