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Abstract: Organic Rankine cycles are promising technologies for development and conversion of low and medium 

grade heat resources into power. ORCs work with Traditional Clausius-Rankine principles but we use organic dry 

fluids instead of water. Its operating principle consists of capturing the thermal energy from the heat source through 

the evaporation of the working fluid and reducing the enthalpy in an expanded to produce mechanical work, which is 

turned into electricity by an electric generator. The Organic Rankine cycle consists of five key components: a pump, an 

evaporator, an expander, a condenser, and a working fluid (R134a). In the gas turbine we used the oil to cooling the 

removable parts like bearings but in this works we take the released hot oil between (77-85c°) from the bearings of the 

gas turbine as a waste heat to evaporated the working fluid R134a that we will use it in the organic Rankine cycles to 

produce electricity and the working fluid at the same time cooling the hot oil released from the bearings and that makes 

this energy clean and economic without any effect on the environment. In my experiment more than 80 runs to find the 

maximum and minimum pressure ratio (rp) and temperature difference in the expander with multiple  gas  (R134a) 

volume flow rate with changing in the inlet gas turbine oil temperature to the ORC system  .In this experiment we find 

the maximum and minimum pressure ratio (rp) is 1,642  in 3,8 liter/minute gas volumetric flow rate and (rp) = 0, 75 in 

1,5 liter/minute gas volumetric flow rate respectively when the inlet gas turbine oil temperature  is 85 ℃ for the two 

value. The temperature difference in the expander is 12, 2 and 1, 5 respectively when gas volumetric flow rate is 3,8 

liter/minute and 1,5 liter/minute with inlet gas turbine oil temperature to ORC system is 82,2 ℃ and 77,5 ℃ 

respectively.  
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1. Introduction  

 Nuclear power and renewable energy are the world's fastest growing energy sources at the present time; each 

of the misincreasing 2.5% per year [1] Heat recovery is one of the most important methods to reduce fossil fuels 

consumption. It upgrade the energy sustainability and raise the energy efficiency of systems. The obtainment of 

a heat recovery is realized when the rejected heat is available at high temperatures; electricity can be generated 

from the thermal power by means of solutions, like Stirling engines or steam Rankine cycles. Still, these 

technologies are incompatible when the hot source temperature is below than 500 °C, due to both low efficiency 

and the technical impracticability [2]. To increment the efficiency for low temperature applications, Organic 

Rankine Cycle can be utilized as an alternative to the Rankine cycle. This is kindred to a typical Rankine cycle 

except for the working fluid that drives the turbine. A high molecular mass organic which has lower boiling 

temperature is used as working fluid, instead of water .This makes possible to use low temperature heat sources 

efficiently (70– 300 °C) to generate electricity in a wide range of power outputs [3]. Hoque used the extended 
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surface heat exchanger to boil the pressurized working fluid (R134a), and using a hot air as heat source. The 

scroll type used as expander, coupled to a generator, which is capable to manufacture maximum 1.6 kW output. 

The isentropic efficiency of the expander is found to be over than 40% and reaches 80% for the improved 

expansion conditions. The energy efficiency of the experimental ORC is around 3% for hot air as the low 

temperature heat source at about (105 OC) where exergy efficiency reaches 22%, respectively [4].İn this 

experment we calculate same data like pressure ratio (Pr, ) and temperature difference in the expander in  ORC 

system are examined the significant variables are identified. 

Nomenclature 

𝒄𝒑: Specific heat of oil (kJ/kg K) 

𝒄𝒑 𝒈𝒂𝒔: Specific heat of working fluid (R134a) (kJ/kg K) 

𝒄𝒑 𝒘: Specific heat of water (kJ/kg K) 

ORC: Organic Rankine Cycle 

Pr :pressure ratio 

Delta_expander= temperature difference in the expander (OC) 

𝒉𝟏: Inlet enthalpy for R134a to the pump (kJ/kg) 

𝒉𝟐: Outlet enthalpy for R134a from the pump (kJ/kg) 

𝒉𝟑: Inlet enthalpy for R134a to the turbine (kJ/kg) 

𝒉𝟒 : Outlet enthalpy for R134a from the turbine (kJ/kg) 

�̇�𝒘𝒇 : Mass flow rate of working fluid (R134a) (kg/s) 

�̇�𝒐𝒊𝒍: Mass flow rate of gas turbine oil (kg/s) 

�̇�𝒘: Mass flow rate of water (kg/s) 

𝑸𝒆 𝒐𝒊𝒍
̇ : Heat Capacity of oil in evaporator (kW) 

�̇�𝑒 𝑔𝑎𝑠: Heat Capacity of R134a in evaporator (kW) 

�̇�𝑐 𝑔𝑎𝑠: Heat Capacity of R134a in condenser (kW) 
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�̇�𝑐 𝑤: Heat Capacity of water in condenser (kW) 

𝑻𝒊𝒏𝒍𝒆𝒕 𝒐𝒊𝒍: Inlet temperature of gas turbine oil to ORC system (OC) 

𝑻𝒐𝒖𝒕𝒍𝒆𝒕 𝒐𝒊𝒍: Outlet temperature of gas turbine oil from ORC system (OC) 

�̇�𝒕: Work of the turbine (kW) 

𝑻𝒊𝒏𝒍𝒆𝒕 𝒘: Inlet temperature of water (OC) 

𝑻𝒐𝒖𝒕𝒍𝒆𝒕 𝒘: Outlet temperature of water (OC) 

�̇�𝑷: Work of the pump (kW) 

�̇�𝒏𝒆𝒕: Net power of the system (kW) 

2. Experimental Set-Up and Measurement Procedure  

  The schematic arrangement of the experimental study is shown in the figure 1,    

 

Fig .1. Schematic view of ORC system 

In this experiment we use the Organic Rankine Cycle to produce electricity from the waste heat and we use 

the hot oil that will be released from the bearing of the gas turbine that will be cooled by it. The organic Rankine 

cycle consists of five key components [5]: a pump, an evaporator, an expander or turbine we use a scroll 

compressor that used in the car air conditioner type TRS090  is a positive displacement scroll compressor 

adjusted to operate in inverse to produce power , a condenser, and a (R134a) as a working fluid. The evaporator 

and the condenser are heat exchangers that absorb heat into the cycle and release it from the cycle, plate heat 

exchanger in this experiment will be use. The cycle start when the pump pushes the working fluid to the 

evaporator. In the evaporator, gas turbine oil that released from the turbine bearings used as a the hot source 

heats the working fluid to a saturated or superheated vapour state but in this experiment we build a similar 

system to the oil gas turbine system. Then, the vapour expands and rotates the expander to produce power. After 

the vapour leaves the expander, the water at the close cooling system cools and condenses the working fluid into 
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the liquid state in the condenser. Then the condensate gas accumulate in the accumulator, then the pump 

recirculates the fluid and used  motor acceleration control to calibrate volumetric flow rate for R134a .In  ORC 

experiment Rota meter use to measure volume flow rate for the oil and working fluid (R134a) in this system. 

The pressure gauge and thermometer used to measure the pressure and temperature respectively and by 

microprocessor tachometer km 60 used to measure the acceleration of the motor that used as generator. In this 

study we use the EES program to obtain the theoretical calculation from this equation below and that can be seen 

in (fig .1)  

2.1 Analysis 
The performance of the ORC is controlled by measuring the Effect of change of inlet gas turbine oil 

temperature to the cycle on the pressure ratio (Pr,) and temperature difference in the turbine with multiple 

volumetric flow rate of gas (R134a) and in ORC system we using this equation below: 

Ẇp = ṁwf ∗  h2 − h1  

                                                                                                                                                          (1) 

Q̇𝑒  𝑔𝑎𝑠 = ṁwf ∗ (h3 − h2)  
                                                                                                                                 (2)   

                                                          Q̇𝑒 𝑜𝑖𝑙 = ṁoil ∗ Cp ∗  Tinlet  oil − Toutlet  oil                                                              (3) 

Ẇt = ṁwf ∗  h3 − h4  
                                                                                (4) 

Q̇c gas = ṁwf ∗ (h4 − h1) 
                                                                                             (5) 

   Q̇c w = ṁ
w ∗ Cpw ∗  Toutlet   w − Tinlet  w    

                                                                              (6) 

𝑊𝑛𝑒𝑡
̇ = W𝑡

̇ − W𝑃
̇  

                                                                                          (7) 

3. Result and Discussion 

 In this experiment for orc system we calculated the Effect of change of inlet gas turbine oil temperature to 

the cycle ORC on the pressure ratio (Pr) and temperature difference in the expander with multiple volumetric 

flow rate of gas (R134a) and that illustrated in fig .2 and fig.3: 
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Fig .2: Delta _expander with inlet gas turbine oil temperature ℃ to ORC system 

Fig. 2 show the maximum delta _expander at 82, 5 ℃ for the inlet gas turbine oil temperature is 12.2℃ when 

calibrate the velocity of motor of gas pump to 100% that make the volumetric flow rate for gas is 3, 8 

liter/minute and the minimum delta_expander in 40% of motor velocity, the volumetric flow rate for gas 1, 5 

liter/minute is 1, 5 ℃ at 77, 5 ℃ for inlet gas turbine oil temperature. As seen in fig .2 that when the volumetric 

flow rate for R134a is increase also Delta_ expander is increase and that make expander power increase. When 

the inlet gas turbine oil temperature increased more than 82, 5 ℃, the Delta_ expander decreased at 100% of 

motor velocity with volumetric flow rate for gas is 3, 8 liter/minute  

 

Fig.3: Pressure ratio with inlet gas turbine oil temperature ℃ 

As seen in fig .3 when calibrate the velocity of motor of gas pump to 100% with volumetric flow rate for 

R134a 3.8 liter/minute, the maximum (Pr ) is 1.642 for inlet gas turbine oil temperature at 85 ℃ and the 

minimum (Pr ) in 40% of motor velocity with volumetric flow rate 1, 5 liter/minute is 0.75  for the inlet gas 

turbine oil temperature 85 ℃. in fig .3 the 100% of motor velocity with volumetric flow rate for R134a 3,8 

liter/minute we seen the (Pr ) is increase with inlet gas turbine oil temperature is increase .The fig .3  when the 

volumetric flow rate for work fluid R134a is increase the (Pr ) is increase. When the inlet gas turbine oil 

temperature increased more than 85 ℃ with changing of motor velocity the (Pr ) decrease.   

4. Conculation 

 To improve this system in the future we can use the micro turbine like air squared 1kW scroll  expander 

instead of the expander that we used in this experment that be produce more power.The orc is simple and more 

economic with no pollution to the environment. the electronic control system PLC we must be use.To increase 

the electric producing of any factory they must be use the orc to recycle the waste heat from power factory .  
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