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Abstract

In solar Organic Rankine Cycles (ORCs), the process directly influenced by solar radiation
intensity and weather conditions. However, in many previous studies, the selection or design
of working fluids has been performed based on fixed conditions, while the effect of collector
outlet temperature variations on the nature of the optimal fluid has received less attention.
In this study, a Computer-Aided Molecular Design (CAMD) framework was developed for
the design of ORC working fluids at six hot source temperatures between 50°C and 200°C.
The design problem was formulated and solved as a mixed-integer nonlinear programming
(MINLP) model. In the proposed framework, molecular structural constraints,
thermodynamic constraints, operational pressure limitations, and environmental and safety
indicators including global warming potential, toxicity, flash point, and minimum ignition
energy were considered. The turbine work output was defined as the primary objective
function. The results demonstrated that variations in hot source temperature can lead to the
design of two completely different fluids. For the low-temperature scenarios, a fluorinated
hydrocarbon was identified as the optimal fluid, whereas for the high-temperature scenarios,
a hydrocarbon was selected as the optimal candidate. Turbine power output varied between
1 and 51 kW, with significant shifts in operating conditions, including stream pressures and
mass flow rates (ranging from 9 to 111 kmol/h). These findings indicate that the selection of
working fluids for solar ORC systems should not be carried out independently of hot source
temperature variations. Final fluid selection requires comprehensive process flexibility
analysis, annual performance analysis, and property uncertainty assessment.
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ORC; Working fluid design; CAMD; Heat-source variation; Group-contribution method;
Molecular optimization.
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Table 1. Molecular groups considered in the present research
Molecular Group Valance Molecular Weight

CH3- 1 15
CH2< 2 14
>CH- 3 13
>C< 4 12
CH2=CH- 1 27
-CH=CH- 2 26
CH2=C< 2 26
-CH=C< 3 25
>C=C< 4 39
CH2=C=CH- 1 31
CH3-0O- 1 30
-CH2-0O- 2 29
>CH-0O- 3 69
CF3- 1 50
CF2< 2 31
>CF- 3 19

F- 1 24
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Table 2. Desired specifications for solar ORC working fluid molecular design

Property Symbol Unit Description Reference
Critical TC °C - Used for thermodynamic [22]
Temperature calculations
Critical Pressure PC bar - Used for thermodynamic [22]
calculations
Acentric Factor ® - - Used for thermodynamic [22]
calculations
Global Warming GWP kg CO»- Less than 150 To ensure the design of [17,23]
Potential equivalent environmentally friendly
substances
Toxicity - Between 0 and 5 To ensure the design of safe [14,23]
- log(mol/L) and environmentally friendly
Log(LC50) substances
Flash Point FP °C Better than propane | To ensure the design of safe [22]
(greater than -104) substances
Minimum MIE mJ Better than propane | To ensure the design of safe [24]
Ignition Energy (greater than 0.305) substances
Gibbs Free Gt kJ/mole Less than 0.0 To ensure the design of stable [22,16]
Energy of substances
Formation
Auto Ignition AIT °C Greater than 105 °C | To ensure the design of stable [22,25]
Temperature substances
Ideal Gas Heat Cpideal gas kJ/(kg.K) - Used for thermodynamic [26]
Capacity calculations

19 Gibbs Free Energy of Formation
20 Auto Ignition Temperature
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Table 3. Optimal working fluid specifications in the temperature scenarios

Scenario NO.  Tu,n (°C) Optimal working fluid Tc (°C) Pc (bar)
Scl 50 CH3CH2CF(CH3)CH3 73.22 41.36
Sc2 80 CH3CH2CF(CH3)CH3 73.22 41.36
Sc3 110 CH3CH2CF(CH3)CH3 73.22 41.36
Sc4 140 CH3-C(-CH3)(-CH3)-CH3 103.16 41.04
Sc5 170 CH3-C(-CH3)(-CH3)-CH3 103.16 41.04
Sc6 200 CH3-C(-CH3)(-CH3)-CH3 103.16 41.04
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Table . Optimal ORC conditions and working fluid properties

Parameter Unit Scl Sc2 Sc3 Sc4 Sc5 Sc6
OIS AL KW 11 104 | 182 | 319 | 415 | 511
(Power generation)

Evaporator pressure bar 22.9 37.2 37.2 36.9 36.9 36.9
Condenser pressure bar 18.2 18.2 18.2 154 154 154
Evaporator outlet o
temperature (T1) C 45 68 68 97 97 97
Condenser outlet o
temperature (T3) C 30 30 30 55 55 55
Working fluid
flowrate kmol/h 9.4 30.2 52.9 69.4 90.3 1111
GWP kg COz-equivalent 1.24 1.24 1.24 14.59 14.59 14.59
-Log(LC50) -log(mol/L) 2.78 2.78 2.78 2.73 2.73 2.73
FP K 260.71 | 260.71 | 260.71 | 23155 | 231.55 | 231.55
MIE mJ 0.833 0.833 0.833 0.468 0.468 0.468
Gt kJ/mole -44.61 | -44.61 | -4461 | -1952 | -1952 | -19.52
AIT K 995.77 | 995.77 | 995.77 | 642.78 | 642.78 | 642.78
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