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Thermodynamic Analysis of Organic Rankine
Cycle Based on Binary Zeotropic Mixtures

GAO Naiping, WU Jisheng, ZHU Tong
(College of Mechanical Engineering, Tongji University, Shanghai
200092, China)

Abstract: In order to explore the feasibility of using binary
zeotropic mixtures to replace pure fluids, a subcritical organic
Rankine cycle thermodynamic model based on mixtures was
established. A screening method of mixtures was proposed on
the basis of the boiling point difference. The net power output
was selected as the optimization target for the evaporation
parameter and mass ratio. For different heat source
temperatures, the best mixtures were selected. The system
performance parameters and energy loss distribution of the
best mixtures and pure fluids are compared. The results show
that the net power output of the best mixture is greater than
that of the best pure fluid at the same heat source temperature
with an increment ranging from 0. 13% to 5. 04%, which
mainly results from mixtures’ smaller latent heat of
vaporization and cooling temperature glide closing to cooling

water temperature rise. The inlet temperature and pressure
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of the expander with mixtures are lower than those of pure
fluids, and the decrement can reach up to 9. 93% and 27.08%
respectively. Compared with the best pure fluids, the best
mixtures have lower exergy loss in the expander and
condenser, which makes the total exergy loss of mixtures

lower than that of pure fluids.

Key words: waste heat recovery; organic Rankine cycle;

zeotropic mixtures; subcritical
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s TR EHAEHBRAT 9 HIRE L. 7]
IR RABBMES TRATH S EA 10~45
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Tab.1 Part of the original design parameters

BitEH BiE
MR TR Vie/ (m? « B0 15 000
WASIRE Tia/C 200
W EEEH Che,p/ (kI *m ™2 < C™H) 0. 947
-2 3P R s e 0. 65
N BRABUAREE R 0. 98
REYBE 0.98
TRFESMEE 0.8
FEEMIHRE AT/ C 5
WHE AT./C 5
WEERIE AR AT,/ C 5
BHKHEORE Taw/C 20
BHKEF AT-/C 5
WHIKET] peo/MPa 0.1
WIEHRE To/C 18

R2 FRIAMBLIRSHY

Tab.2 Part of the working fluids parameters involved

TH IRTYIE N igz AER RAUR RAUE

B/C E/C J1/Mpa
R218 CF3CF2CF3 FIME —36.79 71.87 2.64
R227ea CF3CHFCF3 FIR —16.34 101.75 2.93
L@ Th CF3(CF22CF3 FIT/HE —2.09 113.18 2.32
RC318 (CF2)4 FIKE —5.98 115,23 2.78
R236fa CF3CH2CF3 FIHE —1.49 124,92 3.20
R600 CH3(CH2)2CH3 FIJfi —0.49 151.98 3.80
R245fa CF3CH2CHF2 /5T 15.14 154.01 3.65
R245ca  CHF2CF2CH2F ZE TR 25.26 174.42  3.94
R123 CF3CHCI2 S THR 27.82 183.68  3.66
R365mfc CF3CH2CF2CH3 FTIjft 40.15 186.85 3.27
R601a (CH3)2CHCH2CH3 T 27.83 187.20 3.38
Fo4 CH3(CH2)4CH3 TIJi 68.71 234.67 3.03
LG CH3COCH3  ®TJi 56.08 234,95 4.70
b (CH2)5 FIME 49.26 238.57 4.57
*3 200 CRIFEETRIAMIMESTIRAS
Tab.3 9 kinds of mixture combinations at
200 ‘C heat source temperature
K5 KBS TH s TR PRk s/ C
1 R236fa R245ca 26.75
2 R600 R245ca 25,75
3 R245fa R245ca 10,12
4 R236fa R365mic 41, 64
5 R600 R365mic 40. 64
6 R245fa R365mic 25,01
7 R236fa R601a 29. 32
8 R600 R601a 28.32
9 R245fa R601a 12, 69

3 HR5iTH
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150 RC318 R227ea/R245{a(0. 8/0. 2) different mass fraction for the heat source
200 R245fa R236fa/R245¢a(0. 5/0. 5) temperature 200 °‘C  and the bubble point
250 Rl? 5 RI23/IE24£(0. 9/0. D temperature 120 ‘C
300 Bk PIER/IEC 4% 0. 8/0. 2)
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Fig.5 Comparison of the maximum net output of the
best pure fluid and the best mixture at each heat

source temperature
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