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ABSTRACT 

This study presents a thermodynamic design, commissioning 
procedures and experimental study on a small scale organic 
Rankine cycle application. The objective function of the 
numerical analyses is to maximize both net power output and 
cycle efficiency for different applications, separately. 13 fluids 
are analyzed with respect to physical, environmental, safety 
and numerical data as for the preliminary comparison. 
Environmental and safety characteristics are prioritized to 
determine the optimum working fluid selection criteria; 
therefore, four fluids namely R134a, R141b, R245ca and 
R245fa, which are shown good environmental and safety 
characteristics, are taken into consideration for further 
detailed analyses.  

Pressure ratio, expander inlet pressure and the degree of the 
superheat are the three main variables. A recuperator is 
integrated into the cycle and its effect on cycle efficiency is 
investigated. From the numerical analyses, R134a is adopted 
as the working fluid for the experimental setup. Detailed 
commissioning procedures are prepared and experiments are 
conducted regarding the predetermined optimum cycle 
points. Maximum net power output, simple and regenerative 
cycle efficiencies are found to be 9.35 kW, 8.66%, and 9.18% 
,respectively. 

ORGANıC RANKıNE CYCLE 

A basic ORC consists of a pump, expander, evaporator and 
condenser units. The process starts with the heat transfer 
fluid passing through the evaporator and changing the 
working fluids liquid phase into gaseous form. Pressurized and 
vaporized working fluid goes into the expander where it 
expands and loses its enthalpy. This enthalpy difference 
corresponds to the obtainable work per mass. Then, the 
working fluid leaves the expander and passes through the 
condenser where it cools down and change its gaseous phase 
into liquid. The liquid fluid goes into the pumps inlet and 
forms a closed loop system.  

Regenerative ORC can be used instead of basic ORC in order 
to increase cycle efficiency. Here, expanded vapor at the 
expander outlet goes into an internal heat exchanger called 
recuperator where the vapor working fluid loses its enthalpy. 
At the same time, liquid working fluid at the pump outlet 
passes into recuperator to gain heat and reduce the 
recuperator integrated organic Rankine cycle is shown 
evaporators duty.  

 

THERMODYNAMıC ANALYSıS & 
TEST BENCH 

Thermodynamic analysis of the Organic Rankine Cycle in BURET 
Laboratory is done by using Aspen Plus by AspenTech software 
which enables to design and size the heat exchangers in 
addition to the cycle design. Pressure and temperature values of 
each states, mass flow rate of the fluids, net power output and 
cycle efficiency values, exchanger duties and geometries are 
determined. Pipe lengths and angles are given for each 
pipelines to check the pressure drops.  

The ORC test bench in the BURET Laboratory consists of both 
on-skid and off-skid equipment. On-skid equipment consists of 
two pumps, four heat exchangers, two throttle valves, a liquid 
collector, complete with interconnection piping, valves and 
instrumentation. Off-skid equipment mainly consists of a scroll 
type expander, a chiller, an electric heater, an expansion vessel 
and a fluid recovery exchanger. After performance analyses of 
the proposed ORC and heat exchangers are completed, Piping 
and Instrumentation Diagram (P & ID) of the cycle is drawn and 
the 3D modeling of the system is generated. 

 

REFPROP from National Institute of Standards and Technology is 
used to determine fluids thermodynamic properties. Table 1 
indicates physical, safety, environmental and numerical data of 
13 different fluids. The working fluid selection criteria is 
determined by prioritizing environmental and safety 
characteristics at the first step. Four fluids are taken into 
consideration for further detailed analyses namely R134a, 
R141b, R245ca and R245fa which are shown good 
environmental and safety characteristics. . R134a is adopted as 
the working fluid because of its superior performance in small 
heat inputs, broad availability, and cost-effectiveness. 

RESULTS 

CONCLUSIONS 

In this research, a laboratory scale ORC system was designed 
and constructed in Boğaziçi University’s Renewable Energy 
Technologies Laboratory (BURET). An electric heater was 
considered as a simulation of renewable energy source. A 
recuperator was implemented on the cycle to examine the 
effects on the ORC performance. Numerical results showed that 
cycle with recuperator gives higher maximum efficiency value 
than the simple ORC by 0.52% with respect to the same power 
output. After the numerical analyses, experimental study was 
conducted. During the preliminary tests, throttle valves and the 
pre-cooler were used as the expander simulator. Simple ORC 
and regenerative ORC is compared with regard to cycle 
efficiency. The experimental results showed that the 
regenerative ORC improves the system efficiency by 0.7%. 
Maximum power output was found to be 9.26 kW. 
 

Figure 7. NPO variation depending on PR of the expander. Figure 8. NPO variation depending on the EIP for simple ORC. 

Figure 9. Cycle eff. variation depending on the EIP for  

simple ORC. 

Figure 10. NPO variation depending on the DES for 

 simple ORC. 

Figure 11. Cycle eff. variation depending on the DES for  

simple ORC. 

Figure 12. Cycle eff. variation depending on the EIP  

for regenerative ORC. 

Figure 13. Cycle eff. variation depending on the DES  

for regenerative ORC. 

*PR : Pressure ratio, NPO : Net power output,  

DES : Degree of superheat , EIP : Expander inlet pressure  

 

State points of the simple cycle are indicated below: 

Process 1 to 2: It can be considered as a non-isentropic process 
where the working fluid is compressed at the pump. The work 
done by the pump is: 

Wp = m(h2s – h1)ηpηm 

ηp = 
h2s 

– h1

h2 
– h1

 

where ηp and ηm are the pump isentropic and mechanical 
efficiency. 

Process 2 to 3: It can be considered an isobaric process where 
the heat addition occurs at the evaporator. The heat addition 
via the heat transfer fluid is: 

Qev = m(h3 – h2)  

Process 3 to 4: It can be considered as an adiabatic process 
where the working fluid expands at the expander. The obtained 
work from the expander is: 

Wex = m(h3 – h4s)ηexηm 

where ηex and ηm are the expander isentropic and mechanical 
efficiency. 

Process 4 to 1: It can be considered an isobaric process where 
the heat rejection occurs in the condenser. The heat rejection 
via the cooling water is: 

Qc = m(h4 – h1)  

From the first law of thermodynamics, the cycle efficiency is 
defined as the ratio of the net power output to the heat input. 

ηp = 
Wex–Wp

Qev
 

 
 
 
 
  

In order to begin the cycle analyses, capacity of the heat source 

must be determined. In this laboratory scale ORC test bench, a 

heater with approximately 100 kW capacity is taken into 

consideration. With regard to the cooling unit, likewise, a 

capacity of approximately 100 kW chiller unit is determined. 

Isentropic eciency of the expander and pump are considered as 

0.7 and 0.75, respectively. A recuperator is integrated into the 

system to decrease the heat duty of the evaporator; therefore 

increasing the cycle efficiency.  

Sensitivity analyses are conducted to obtain net power output 

and cycle efficiency values with respect to the pressure ratio 

of the expander, expander inlet pressure and the degree of 

superheating at the evaporator for both simple and 

regenerative ORC.  

As the starting point of the analyses, minimum cycle 

temperature is fixed as 30o C  which is approximately 5 
oC above the environment temperature and minimum cycle 

pressure is determined from the corresponding saturation 

point. The reason is that minimum cycle temperature lower 

than the environment temperature may lead corresponding 

pressure value lower than the atmospheric pressure.  

There are two interesting points considering R134a analyses 
results. The former one is that superheating does not start at 
0C in both NPO & cycle eff. versus the DSE graphs. The reason 
is that; it is already heated above its saturation point in order 
to obtain gaseous phase at the expander outlet since it is a 
wet fluid. The latter one is that some of the curves are 
fluctuating. NPO & cycle eff. versus EIP graphs are generated 
with considering a minimum DSE. When the expander inlet 
pressure changes, it affects the need for the degree of 
superheating at the expander inlet pressure. 

THERMODYNAMıC ANALYSıS & 
ORC TEST BENCH 

Figure 5. P & ID of the proposed ORC 

Figure 6. Image of the installed ORC in BURET Laboratory 

Figure 4. Flow diagram of the proposed ORC 

Figure 1. Schematic of the simple ORC Figure 2. Schematic of the  

regenerative ORC 

Figure 3. T-s diagram of R134a 


