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Soo-Yong Cho* and Chong—Hyun Cho

Low-grade heats are wasted even though an amount of their energy is huge. In the small and medium industrial
complex sites, large amount of low-grade thermal energy generated during the manufacturing process is wasted if it is not used
directly for building heating or air-conditioning. In order to utilize this waste thermal energy more efficiently, organic Rankine cycle
(ORC) was adopted. The range of operating temperature of ORC was set to 60°C from 30°C applicable low-temperature waste
heat. A study was conducted to select an appropriate organic working fluid based on these operating conditions. More than 60
working fluids were screened. Eleven working fluids were selected based on the requirements as working fluid for ORC such
as environmentally friendly, safety, and good operation on the expander. Finally, six working fluids were selected by considering
the operating temperature ranges. Then, a cycle analysis was conducted with these six working fluids. As a results, R-245fa and
R-134a appeared as appropriate working fluids for ORC operating at low-temperature condition based on the system efficiency
and the turbine output power.
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Nomenclature

: efficiency, %

. mass flowrate, kg/s
. power, kW

. pressure, Pa

a : speed of sound, m/s

. constant pressure specific heat, kJ/kg K
. specific enthalpy, kJ/kg

. latent heat

N =0
RESIERE

36 | AlxHAof| x|




Q : volume flowrate, m’/s
s : specific entropy, kJ/kg K
T : temperature, K

subscript

1 : inlet of expander

2 : exit of expander

3 : saturated liquid state
4 : exit of pump

a : actual process

S isentropic process
Ssys: system

t : total

t-t : total to total
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Fig. 1 Schematic diagram of organic Rankine cycle
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Table 1. Candidates of working fluids for ORC operating with

low-temperature heat source

W.F ODP | GWP | AL |SF|CF REFERENCES
R-11 1 4600 45 At ] i 724,28
R-12 1110890 | 100 | Af] i 7.817,24
R-21 0.01 210 2 B1 i 11,27
R-22 0,034 | 1700 | 11,9 | Al | w 1,27
R-23 0 12000 | 260 | A1 | w 11,27
R-32 0 |65 ] 5 [ A w 1,11,22,23.27
R-41 0 | 97 | 26 |na| w 11,22,23
R-113 1 6130 85 Al | d 1,4,7,18,20,24
R-114 1 10040 | 300 | A1 | d 1,24
R-116 0 11900 [ 10000 | Al | w 1
~11,4,810,11,12,14,15,17.18,
R-123 0.012 7 1.4 Bt | i 20,21,22.24.27,28
R-124 0.026 | 620 6.1 Al i 11,17,21,22,27
R-125 0 3400 29 Al | w 11,21,22,23,27
- 11,7.8.10,11,14,15,17,20,21,
R-134a 0 1300 | 138 | Al | i 22932526
R-141b 0.086 | 725 93 |naj| i 1,10,11,17,27
R-142b 0.043 | 2400 19 A2 | i 10,11,17,21,22,27
R-143a 0 4300 52 A2 | w 11,21,23,24,27
1,10,11,16,17,21,22,23,24,
R-152a 0 124 14 | A2| w 26,07
R-218 0 8600 | 2600 | Al | i 11,22,23
R-227ea 0 3500 33 Al | i |4,10,11,17,21,22,23,25,26
R-236ea | O | 1200 | 8 |nal i 410,1,17,21,23
R-236fa 0 9810 | 240 | Al | i 17,21,22,23
R-245ca 0 693 62 |nal i 10,11,20,21,22,23,26
. 14,10,11,13,14,15,16,17,18,
R-245fa 0 950 47 Bt | i 20,21.22,23.25,26
HC-270 0 na | na |naj w 11,2327
R290 | o | @ |ooa1|A3| w 111,23.25.27
(propane)
RC318 0 10000 | 3200 | A1 | d 1,41117.23
R-407C 0 1800 Al w 1,21,27
R-500 0.738 | 8100 Al w 1,24
R-501 0.231 | 3900 Al 21,22,23
RW600 | g | (1 |oo18|A3| d| 1410117212326
(butane)
R-600a 1,4,10,11,12,17,18,20,21,
(isobutane) | O | (1 |0.019| A3} d 229627
R-601
(portene) | © 11| 001 | na| d |110,1,1415,232526,28
R-601a
(isopentene) 0 n.a na | na 23,26,28
R 0 | ¢ |00t |B2|w 17.11,21,26
(ammonia)
RA2I0 1o | ¢ | na |A3| w 11,20,23,26
(propene)
Benzen 0 n.a na |najl i 7,11,24,28
Toluen 0 n.a na |nal i 11,15,19,27,28
R-1234ze n.a na |naj i 15,16
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Table 2. Physical properties of candidate working fluids

W.F P [bar] T. [C] Top [C] | MW [g/mol]
R-123 36.68 183.68 27.85 152,93
R-134a 406 100.95 -26.55 102.03
R-218 26.8 719 -36.7 188.02
R-227ea 29.8 102.8 -15.6 170.029
R-236ea 342 139.29 6.19 152,04
R-236ta 3.0 124.9 -1.4 152,04
R-245ca 39.25 174.42 2513 134,05
R-245fa 443 1541 151 134,05
R-601 87 196.6 36.0 7215
R-601a 3.9 187.8 27.8 7215
R-1234ze 26.35 109,36 -18.97 114,04
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Fig. 2 Saturated curves of eleven working fluids for organic
Rankine cycle
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Table 3. Comparison of predicted results with candidate working

fluids
S 7 n 0, 7

: [kJ/kgl (%] [kg/s] [m*/s] [m/s]
R-134a | 12.38 6.20 1616 0.043 131.7
R-227ea | 807 5.98 2.478 0.062 985
R-236ea | 11.32 6.33 1767 0.115 1205
R-236fa | 10.53 6.25 1899 0.092 115.3
R-245fa | 1378 6.47 1452 0.148 1328
R-1234ze | 1190 6.23 1681 0.056 127.3
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Table 4. Input heat at the liquid state and latent heat on the

evaporator

WE Heating of liquid 7 ,,/m

‘ [kJ/kg] [ky/kg] [kJ/kg]
R-134a 44,820 139.288 184,108
R-227ea 37.120 87.978 125.098
R-236ea 38.802 135.009 173.811
R-236fa 39,288 122.743 162,031
R-245fa 40,920 167.888 208.809
R-1234ze 43,279 135.537 178.816
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