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ABSTRACT

Several working fluids for Organic Rankine Cycle(ORC) were recommended by many researchers.

However, the

recommended optimal working fluids were not exactly same because the operating conditions of ORC and application were

different. The major parameter to select the working fluid for ORC was the temperature of available thermal energy. In this

study, low-grade thermal energy was used for the heat source for ORC and the appropriate working fluids were searched among

26 candidate working fluids. The requirements to be a working fluid for ORC were reviewed and the cycle analysis for simple

cycle was conducted with 75°C and 35°C at the turbine inlet and exit, respectively. R600, R601, toluene were best candidates

if the system could work without leaking the working fluid. Next, R236ea, R245ca, R245fa were recommended because they

are not inflammable working fluids as well as better efficiency.
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Fig. 1 Schematic diagram of an organic Rankine system
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Table 1 Recommended optimal working fluids for ORC

Authors Applications | Recommended Working Fluids
R134a>R152a>R600>R600a>
Tchanche” Solar RO90: <90°C
Hung® WhR | Penzen>RII3>RII>RIZ>RI34a>
ammonia
Lai® WHR cyclopentane: 280-350C
Roy® WHR R123: <135
Lin® Geothermal W Water,‘armnonia}, ethanol:
HR Inappropriate
. Cyclohexane: 80-150C
Facao” Solar yR245faI 200-250C
R123: 100-180C
Wang" WHR R141b :>180C
Dai® WHR R236ea: 80-135C
Cong® Solar R123>isobutane
Lemort™ | WHR, solar | n-pentane>R123>R245fa>R134a
Borsukiewicz- | Geothermal, R227ea, R245fa, Propylene:
Gozdur™ WHR 80-115C
Fernandez™ | ICE, WHR siloxanes: 140-260C
Declaye™ WHR R245fa: 150-200C
Gu™ WHR R113>R'13>R245fa>R600a
Lecompte™ CHP R245fa>R152a>R1234yt
Drescher™ Biomass toluene: 90-200C
Al-Weshashi"” | Geothermal R236ea |R236fa, R227ea
Gao™ WHR R152a, R143a: 220T
R113: >177C
Mago™ WHR R123: 147-177C
Isobutane: 102-137C
Dalta® WHR toluene: 100C
R236ea, R245ca, R245fa, R600,
Saleh® Geothermal R600a, RE245:
100-350°C
Mikielewic® CHP ethanol, R123, R141b: 170-200C
Masizza® WHR R125, R134a
Aljundim Geothermal isopentane, butane: 100C
R113: >157C
Mago™’ WHR R245ca, R245fa: 107-157°C
isobutane: <107C
Pan’ WHR R600a, R227ea: 90°C
Hungm) OTEC benzene>R11>R113
Badr™” WHR R1 lRS1 11:reZ;,Irllle)imicxi]ec 1(c;ycle
R227ea: 80-160TC
Lakew™” WHR R245¢a: 160-200C
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Table 2 Requirements to be used as working fluids of ORC

Classification

Properties

Requirement

Environmental

ODP
(Ozone depletion potential)

|

GWP
(Global warming potential)

AL (Atmospheric life)

Safety

Toxicity

Flammability

Thermo-—
dynamic

Density

Viscosity

Thermal conductivity

Latent heat of vaporization

Specific heat capacity of
liquid

Melting temperature

Critical temperature

Pressure at atmospheric
temperature

— ||| — ||| ||| <«

Saturated vapor curve

dry, isentropic

Sound of speed

1

Process

Efficiency

Maximum operating pressure

Mass flowrate

Critical pressure

Volume flowrate

Cost of working fluids
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Table 3 Comparison of properties of five working fluids with
different latent heat of vaporization

Working | Latent Heat at 7}, Cp ,/m ,/m
Fluids [kJ/kg] [(kJ/kg-K] | Eq.(5) | Ea.(1)
R227ea 73.7 1.1244 10.77 14.29
RC318 76.0 1.1244 10.97 13.71
R123 1483 0.7536 21.12 22.58
R245fa 156.7 1.0737 22.54 24.84
R601) 3234 1.8685 46.23 4929
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