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1. Context  
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ÅORC = Rankine cycle + Organic working fluid 

 

üThermal engine for low-grade heat source/ small-capacity 

application 

 

üVersatile operating conditions Ą ORC out of the nominal point 

 

üChange in the system performance and requirements of optimal 

control 
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GOAL: 

Define optimal off-design performance mapping of 

ORC systems 

Derive simple analytical correlations for easy use in 

high-level simulations 



2. Case study 
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Sun2Power system at the University of Liège 

- Solar field: 65m² of PTC 

- HTF : thermal oil (100°C-150°C) 

- 2kW ORC unit 
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2. Case study 
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Sun2Power ORC unit: 
Å2kWe recuperative ORC 

ÅR245fa as working fluid 

ÅScroll expander + diaphragm pump 

ÅTwo BPHEXs (EV + REC) 

ÅOne fin coil air-cooled condenser 

 

 

Ą2 control variables:  
- Speed of the pump 

- Speed of the air-cooler fan 

 

Reference database: 
ÅExperimental measurements 

ÅPost treatment (outliers + reconciliation) 

ÅComplete range of conditions (40 pts) 
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3. ORC off-design model 
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Charge-sensitive ORC model Ą 

No assumption in the system 

state (e.g. an imposed 

subcooling)  

ORC model 



Å Off-design model Ą build performance mapping for any external conditions 

 

Å Seek optimal pump/air-cooler speeds to maximize ORC performance (ὡ ) 
 

 

 

4. Performance optimization 
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ά υπὫȾί  

 Ὕ ρυЈὅ   
 Ὕ ȟ ρςπЈὅ 

ά ςὯὫȾί  

 Ὕ συЈὅ   
 Ὕ ȟ ρψπЈὅ 

 



 
 

 

 

5. Optimal performance mapping 
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Å Performance optimization over entire range  

     of conditions: 
 

- HTF supply temperature: 80 Ą180°C 

- HTF supply fow rate: 0.05 Ą 2 kg/s 

- Ambient temperature: 5 Ą 35 °C 

 

 

 

 

 

 

192 Í pts 

Å Optimal performance mapping in terms of ὡ  and ὗ  : 

 

 

 

 


