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Schematic of ORC system powered by the solar energy
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Table 1  Physical and environmental parameters of the alternative working fluid
. TR . FEIR R Bl I Il 5

T4 AR %i FbE zjm; E; N ij . jl‘j/Mpa obP  GWP
benzene S HC T 78.108 353.23 562.05 4894  0.00 20.00
cyclohexane IR HC F TR 84.161 353.89  553.64 4075  0.00 20.00
decane EZE L HC + TR 243.500 44727 61770 2.103  0.00 20.00
heptane 1EBERE HC T TR 100.200 371.53 540.13 2736 0.00 20.00
dodecane + e HC T TR 170.330 48930  658.10 1.817  0.00 20.00
hexane o HC IR 86.175 341.86  507.82 3.034  0.00 20.00
isohexane SOk HC T 86.175 33336 497.70 3.040 000 20.00
Isopentane (R601a) SEIE HC T T 72.149 300.98 460.35 3378  0.00 20.00
nonane IETkE HC T 128.260 42391 594.55 2281 0.00 20.00
octane 1E2ELE HC TR 114.230 398.77  569.32 2497 0.00 20.00
Pentane (R601) ESE HC T TR 72.149 309.21 469.70 3370 0.00 20.00
R123 =@ &2k HCFC TR 152.93 300.97  456.83 3.6618  0.02  93.00
R141b —H Mkt HCFC TR 116.950 305.20 477.50 4212 011  0.09
R365mfc FHT HFC Tk 148.070 313.30 460.00 3266  0.00 840.00
toluene GEPS HC T 92.138 383.75 591.75 41263 000  3.35
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Fig. 2 Organic Rankine cycle schematic diagram
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Table 2 Exergy factor of influencing the environment

AN GwWP obpP
A
SR 5.86 1226.27

FHEFM] kg™
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Table 3 Parameters preset value for system calculation

SRR % 90
2 AR RCR % 80
T 7R K A A IR A A IR/ K 473.15
PEFRVS AR PR EE/K 298.15
T VA BRI /K 308.15
IR /K 298.15
TRZER A AT R 25K 5

P BERHIAE R 22/K 5
RGBT E/M 1000
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R b0, THAF 45 T AE 028 R B ¥ i1 )
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Uy, @ o o 5 85 0. R, R R
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Ko Ho fE 1,<424.15 K JL Bl N, R365mfc 4+
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Fig. 3 Effect of evaporation temperature for net output power

Bl 4 25 0T A [R) T 5T P80 3 Bt o 25 K Ui B T
AR, ICHR o B I I8 AARCR B 2 7% & TR
JEM T MG K FEWT SR I EE JE I Y, toluene 45K
FHe KL R123 i/ LU toluene A, 1,=343.15 K
B, BBCR A 7.71% 525 1,=453.15 K B, RBCRTH
B 22.05%, X R B 725 A i BE B e, B T
Jo T A YA 2 1K 2 T e A N4y
BT W AR 1) 3 A U, RO R,
b, MR R T 448.15 K I, R123 A HICR Y I
/B ULHAE L TAE X 8], R123 Dt (34 >
S E 3 0T —B0 /N T WG B 4, 530
RGICERER .

24r
22t
20f
©
< I8¢
= 16}
=
*L; 14}
= 12F
~benzene hexane Eentane
104 —dodecane —— ihexane — R123
——cyclohex —ipentane — R141b
——decane ——nonane ——R365mfc
.~ heptane —octane —— toluene
?40 360 380 400 420 440 460
FERAEE/K

K4 ZE AR R PRI

Fig. 4 Effect of evaportion temperature for thermal efficiency
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Fig. 5 Effect of evaporation temperature for exergy efficiency
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Fig. 7 Effect of evaporation for mass flow rate of cycle
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Fig. 9  Effect of evaporation for environment
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organic Rankine cycle (ORC) in low temperature waste

PERFORMANCE ANALYSIS AND COMPREHENSIVE EVALUATION OF
ORGANIC RANKINE CYCLE SYSTEM DRIVEN BY SOLAR ENERGY

Gu Yujiong, Geng Zhi, Xie Dian
(National Thermal Power Engineering & Technology Research Center , North China Electric Power University , Beijing 102206, China)

Abstract: Aimed at the medium—low temperature solar energy heat source, low boiling point organic working fluid was
used as the power cycle for power generation. On the premise of meeting the requirements of environmental protection
safety and thermal property, 15 kinds of organic fluids were used as cycle working medium and the mathematical model
of subcritical thermal system was established based on the first and second laws of thermodynamics. The pinch
temperature difference analysis method was used to analyze and compare the cycle characteristics from the multi—angles
including thermal efficiency, exergy efficiency, expansion ratio, environmental exergy cost and so on. Considering
various factors, the multi—index comprehensive evaluation model of energy efficiency was constructed by using analytic
hierarchy process method. The simulation calculation results showed that toluene as the cycle working medium has a
better performance.

Keywords: solar energy; Rankine cycle; working fluid; thermal analysis; exergy; energy efficiency; optimum



