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Abstract 
  
The research paper citied, involves detailed experimental investigation of an organic Rankine cycle (ORC), which is 
designed to operate at supercritical conditions. The tests are conducted at the laboratory and the heat source is a 
controllable electric heater, which can keep the hot water temperature constant, by switching on/off its electrical 
resistances. The expansion machine is a modified scroll compressor with major conversions, in order to be able to 
operate with safety at high pressure (or even supercritical at some conditions). The ORC engine is equipped with a 
dedicated heat exchanger of helical coil design, suitable for such applications. The speeds of the expander and ORC 
pump are regulated with frequency inverters, in order to control the cycle top pressure and heat input. The 
performance of all components is evaluated, while special attention is given on the supercritical heat exchanger and 
the scroll expander. 
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1. Introduction 
 

1 The organic Rankine cycle (ORC) technology is suitable 
for heat recovery applications for low-temperature of 
even lower than 100 °C  
 The main advantage at this temperature range is 
the simple and low-cost heat source circuit, since even 
pure water can be used with low-pressure piping, 
while the use of glycol or thermal oil is avoided, as well 
as a simple ORC configuration with a single expansion 
machine and no internal heat exchangers.  
             There are various studies focusing on 
supercritical ORC at theoretical level. Here, an 
experimental study is implemented, testing a small-
scale supercritical ORC with a net capacity of 3 kW for 
variable heat input and for hot water temperature 
equal to 95 °C. The measured data are presented and 
discussed, focusing on the expansion machine and the 
whole engine operation, as well as its capability to 
reach supercritical operation at some conditions. 
 
2. Performance test 
 
The goal is to examine and evaluate the ORC engine 
performance at these conditions, while supercritical 
operation is also attempted, in order to identify if and 
how much the efficiency can be increased at such 
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unexplored conditions, especially for small scale 
engines. The HTF temperature is set constant to 95 °C, 
while the heat input is varied. 
 
3. Subtopics being addressed 
 
The installed ORC engine 
 
A small-scale ORC engine has been designed and 

constructed. The engine cooling is accomplished with a 

cooling water circuit, using a conventional shell and 

tube heat exchanger. The ORC engine has been then 

installed at the laboratory for performance tests under 

controlled conditions. 
 

3.1 Subcritical operation 

 

Most of the tests have been conducted at subcritical 

operation. The temperature of the organic fluid at the 

evaporator outlet was at all times over its critical 

temperature (equal to 72.1 °C), while the top cycle 

pressure was below the critical pressure (equal to 

37.29 bar). The operating conditions that have been 

examined concern the variation of the ORC pump and 

expander speeds, which in turn affect the cycle and 

fluid properties especially at the pump, vapor 

generator and expander.  
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Fig. 1: Pump frequency v/s Heat input v/s Pump speed 
 

 
 

Fig. 2: Expander frequency v/s Heat input v/s 
Expander speed 

 
4. Supercritical operation 
 
Supercritical pressure could be reached only for very 
high pump speed and low expander speed. Low value 
was expected, since the low expander speed leads to a 
low electric efficiency of the induction generator. 
Nevertheless, this efficiency value is much higher than 
all the other recorded in the same engine and for such 
low expander speed (usually in the range of 1.5–2%), 
and provides a first positive indication for the 
supercritical cycle, even if few such operating 
conditions have been available. The thermal efficiency 
is also depicted in where it is shown that the maximum 
efficiency reached is almost 6% for subcritical 
operation, while for supercritical operation was 
around 4.4%. 

 
 

Fig. 3: Expander frequency v/s Heat input v/s 
Expander speed 

 
Conclusion 
 
In the present study real test data are presented, and 

the advantages and potential of such technology could 

be identified. Also, some first proof is provided, 

whether a supercritical ORC can be indeed more 

efficient than a subcritical cycle, and if the theoretical 

results can be verified. 
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