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For industrial waste heat applications, the heat of 100-200°C has a great potential. One way to tap this energy potential is to convert it into electrical power via a thermodynamic cycle process. Electricity generation for these low-temperature cycles is nowadays usually realized via an ORC process (Organic Rankine Cycle).
[image: ]
Fig. 1: ORC process 
The variation of the boundary conditions and the working fluids used has a large influence on the net electricity yield and thus on the economic efficiency of a waste heat application. 
The approach followed by the ITES-EVT group is to maximize electricity production by selecting a heat transfer fluid suitable for the site-specific boundary conditions in Europe and a supercritical live steam pressure. In previous studies [1], [3],[4] Vetter et al. have shown that significant performance improvements are possible at supercritical conditions. 
The working fluid selection has taken into account environmental and operational criteria, such as high thermal conductibility, low specific volume, high chemical stability, low corrosiveness, low flammability, toxicity, low Ozone Depletion Potential (ODP) and Global Warming Potential (GWP) [2].
In order to optimize and validate this simulation model we built a supercritical ORC (MoNiKa).
[bookmark: _Toc37557218][bookmark: _Toc39765511]The MoNiKa power plant
MoNiKa (Modular low-temperature cycle Karlsruhe) is a facility built at KIT campus north with the idea of studying and optimizing the ORC process. This installation is a small and compact power plant. It was designed as a modular installation to allow the study and investigation of different components and operational parameter for the research of waste heat power generation from low-temperature heat sources.
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Fig. 2: MoNiKa -ORC power plant
[bookmark: _Toc37557220][bookmark: _Toc39765513]In one Master thesis we mainly investigate the experimental results of the turbine operation with the focus to the load range between 40- 100%. 
The second work involved the creation of a transient Simulink model of the two main power plant components, turbine and condenser. The focus was on the combination of these two components and the implementation of a turbine efficiency model obtained from experimental data. 
Component’s description
The pumping system is compound by two pumps. The main pump is a LEWA triplex M514US G3G. It is a piston pump with a maximum mass flow of 3.6 kg/s and a design pressure of 6.5 MPa (in this will be referenced as main pump).
The heat exchanger manufactured by Gesmex, is the connection between both cycles, (water and organic). It is a counter- flow plate heat exchanger designed to work in a supercritical regime. The design thermal power installed is 1000 kW for full load operation
The condenser manufactured by KÜHLTURMKARLSRUHE has a support sub frame with 3.5 m of height. It is located between the exit of the turbine (or throttling valve), and the propane tank. However, the condenser is prepared to work with water spray.  The heat exchange areas are built symmetrically in “V” configuration. They include three chambers. Each one is equipped with a vertical fan (impeller and diffusor) of 2.5m diameter. The power consumption of each motor is max.13 kW at 322 RPM and a maximum volume flow rate of 44 m3/s each and in total 39 kW - 132 m3/s. 
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Fig. 3: Propane tank und Condenser
The last component of the circuit is the turbine. [image: ] Fig. 4: Turbine with gearbox and generator
Fig.5 shows the axial four-stage propane turbine with constant stage pressure (impulse design) with a nominal rotational speed of 9996 1/min. It is a welded construction made by M+M TURBINE-TECHNIK [10]
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Fig. 5: Turbine cross-section 
The axial bearing is made in the steam inlet. Sealing to the outside is achieved by means of carbon seals. The vapor inlet area (front side) is of closed design and has a leakage gas discharge, which is led to the exhaust vapor. In the area of the shaft passage at the coupling connection (gear side), a closed design is not possible. Here, nitrogen is supplied behind the first seal and the nitrogen-propane mixture is discharged behind the second seal. Behind the third seal, atmospheric conditions prevail.
The 150 MVA synchronous generator is connected to the turbine with a gearbox.
The generator made by MarelliMotori has a control system provided by DEIF, which work in temperatures between -20 °C and 70 °C. The measuring voltage is from 100 to 690 V AC (+/- 20%), and the measuring current is -/1 or -/5 A AC. The current overload is  in continuous, 20,  and the measuring frequency is 30 to 70 Hz.  To connect the generator with the KIT grid, a Janizta UMG 512 is used as a measurement system.
In addition to these main components, the following auxiliary units are also important for the power plant operation. 
Support pump from Grundfos, which ensures the upstream pressure to the main pump. 
The Propane separator from Borsig which separates the nitrogen propane mixture from the purgegas of the turbine shaft seal. The separated propane can be returned to the propane tank.
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Fig.6: Scheme of the power plant MoNiKa
Propane tank with a volume of 2.4 m³, also an additional storage tank for refilling propane. 
Furthermore, we have a 7-m³ fuel oil storage tank to supply the water heating station. 
The control and regulation technology container with a redundant S7-416 PLC and the SIEMENS power plant software T3000. 
The Control room container include two workstations for power plant monitoring and control. One additional PC mange the data storage for the scientific instrumentation. 
Additionally installed scientific measuring points are used for the acquisition of additional parameters such as ambient temperature and humidity, pressure difference condenser, temperature and velocity field condenser as well as an optical access to the propane circuit for flow characterization. 


Instrumentation
The sensor technology installed in MoNiKa fulfills two requirements: the first for power plant control and regulation, the second as a platform for scientific studies conducted in the plant. Therefore, the plant is much more extensively instrumented than in a normal power plant. For balancing purposes, sensors for temperature and pressure are installed along the entire cycle, i.e., at the inlet and outlet of each component. 
The mass flow rate and density of the working fluid are measured between the outlet of the main pump and the inlet of the heat exchanger using an E+H Promass 83F sensor. This sensor uses Coriolis forces and resonance frequency to provide a direct measurement of mass flow, velocity and density.
A WIKA TR34 Class A-PT100 is used to measure temperatures at all points in the system. These sensors are connected as 4-wire resistance thermometers and have an operating range of -50 to 250 °C. These thermometers are characterized by a compact design, are resistant to vibration and have a fast time response for operating measuring points. Type K thermocouples are used in areas with increased time requirements. 
For pressure measurements at the MoNiKa plant we use the Vegabar 81 and 82. These pressure transmitters are universally applicable for the measurement of gases, vapors and liquids. They have a ceramic measuring cell, which allows the sensor to behave well in corrosive and hot environments. The main difference between purchased sensors is the temperature range in which they can operate. In addition, the pressure range in which they operate is different within the ORC cycle, resulting in pressure measurements in the low-pressure section having higher absolute accuracy than in the high-pressure section.
The sensors are in direct contact with the liquid (propane and water). There is no sleeve or cap between them. This direct contact allows better measurement of the fluid properties, but makes it impossible to remove the sensor from the pipeline for maintenance reasons without draining it first. For this purpose, MoNiKa's measurement system is designed with redundancy, which means that two or three sensors of the same type are installed at each measurement point. This redundant configuration makes it possible to increase the availability of the measurement technology, which on the one hand increases safety during operation and on the other hand helps to detect systematic errors. 
To measure the environmental conditions, the system is equipped with one pressure, humidity and temperature sensor. In addition, a set of type k thermocouples and a pressure senor is installed in each chamber of the condenser.
	Facility code
	Model
	Signal type

	PS10-02
	VEGABAR 81
	4-20 mA

	PI10-03
	VEGABAR 81
	4-20 mA

	PS10-03
	VEGABAR 81
	4-20 mA

	PI10-12
	VEGABAR 82
	4-20 mA

	TS10-02
	TR34 Class A 
	TR300(4-20mA)

	TI10-02
	TR34 Class A
	TR300(4-20mA)

	FI10-02
	PROMASS 83F
	Profibus DP

	10P1*
	SINAMICS G180
	AC

	 10P2**
	CRN20-04 E-FGJ-G-E
	PI controller



Tab. 1: List of Sensors used for this master's thesis
[bookmark: _Toc39765518] Simulation Software GESI
GESI (Geothermal Simulation) Vers.2.3.6c [5] is an in-house program that has been developed in MATLAB by the ITES (Institute for Thermal Energy Technology and Safety) for studying and optimizing the thermodynamic process of the Organic Rankine Cycle (ORC). The software uses the physical property data taken from REFPROP 9.0, from the National Institute of Standards and Technology [6].
This tool solves the energy and mass balance of the ORC Power Plant in stationary regime. As an input the definition of the thermal water values, selection of the operational points, the ambient characteristic and the equipment is necessary. The tool provides as a result the major values of the whole process and deliver diagrams e.g., temperature- and entropy diagram. 
The results of the simulation allow to validate the power plant model and to determine the efficiency of the pump and turbine in full- and part load operation. 
Experimental results in turbine operation
The tests runs were performed in November 2021 by J.M.Peréz [7], in turbine operation. The focus of these tests was to investigate the turbine characteristic and to measure the turbine efficiency.  
It should be noted that the plant has certain limitations, either with respect to plant safety or thermodynamic values that cannot be reached, which prevent some values planned through the GESI software from being addressed experimentally. 
Safety limitations:
· Quality factor at turbine outlet (4) should never be less than . in case of occurrence, the formation of droplets inside the blades may cause damage to the blades.
· When the boiler temperature exceeds 160°C, for its own safety, the heating station immediately shuts down.
Thermodynamics limits:
· The power plant, due to some problems with the manufacturing of the heat exchanger (boiler), cannot reach a temperature at the inlet of the turbine (3) of more than  for  and  for  at given constrains. For comparison, the design point at the inlet of the turbine is.
The experiment started on the first day with a slow warm-up when the cycle starts in bypass mode and the boiler is prepared. The warmup concludes when the main pump head temperature is less than 0.5 °C for at least 30 minutes, and all the process takes around 4 hours. After warming up, the load points were processed with an average time of 30 minutes each, and once the seven load points were completed, the experimental day ended with the regular shutdown.
The purpose of the second day was a sensibility experiment with the opening of the turbine control valve. As on the first day, the experiment started with a warm-up, which lasted 4 hours. Then by changing the opening of the turbine control valve (10PRV01 see Fig. 7), i.e., opening for each run, the ORCs pressure started to modify. 
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Fig. 7: Test run results 2nd day, opening of control valve 
When the load is above 40% and the turbine control valve has fixed position, e.g., fully open, and the propane temperature is constant, the propane pressure will change proportional to the mass flow according to Stodola’s law. This regime is preferred at load above 40% Fig.8.  The next figure shows the two different regimes in MoNiKa power plant when the bypass valve is fully closed during the warm-up. The minimum mass flow rate at which the plant can be operated properly is  which corresponds to ca. 80% of the design mass flow.  

Fig. 8: Test run results 2nd day fixed and sliding pressure operation
Experimental work on turbine sensitivity was also planned for the last day, but in this case related to the ORCs mass flow increase. It started with a  and after that it was increased by  until a turbine mass flow rate of was reached. As during the previous days, the day started with a slow warm-up but with an issue in the middle of the process: The boiler surpasses 160°C, so automatically the control system tripped the boiler. Once, the boiler worked more stable, the warm-up finally ended properly.

Fig. 9: Test run (3.6) results 3rd day turbine efficiency vs. mass flow
Here can be observed the efficiency increase with decreasing turbine mass flow rates. In particular, run 3.1 has a different behavior because pressure and temperature at point 3’’ are quite close to the critical point, which means a bigger error in the calculation of the enthalpy and entropy with REFPROP. Additionally, it is important to remark that run 3.2 surpasses the maximum value possible of efficiency, that is greater than 1 (Fig 9). The main reason for this behavior is that the temperature values at point 3’'(cal. turbine inlet) is very close to the critical point, where the enthalpy calculation has very high systematic errors. The range of this error in all day was higher in the points 3.1, 3.2 and 3.3 (2,4%, 3,5% and 5,5% respectively) and in the range of 1,6% for the other runs.



Stodola´s law
The aim of this section is correct the Stodola’s law [11] due to the real behavior of the turbine compared with the ideal equation 1. 
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In addition, the equation (1) could be rearranged as:
	
	[bookmark: _Ref98791581][bookmark: _Ref98791575][bookmark: _Ref98791584](2)


The missing coefficients are determined with the experimental data to:
· C = 1.5442
· C’ = -1.3352 kg/s
This equation only valid in the following limits: 
· Mass flow: 1.88   <    <   2.74	[kg/s]
· Pressure: 3860   <     <   4900	[kPa]
· Temperature: 363.5<  < 376.5	[K]
Simulink model of Turbine and Condenser
The second master thesis from Julia Filipe [8] use the Stodola equation and the correction coefficients from J.Mardon Perez [7] to develop a Simulink model of the turbine. She adds the existing model of the condenser which was developed by M. Fossati [9] to her turbine model. One of the main objectives was to create a model that is consistent in its outputs, and to obtain results that reflect the real measurements over a wide operating range. In line with this, another objective is to analyze the turbine efficiency and its dependence with the inputs to the model. Finally, the model is intended to describe and aid the understanding of the phenomena related to the supercritical operation, and to allow the definition of the fluid state at the inlet of the turbine.
The Figure 10 shows the flow chart of the turbine model. 
Afterwards, the Stodola block modelled was coupled to the condenser model, by performing the modifications needed in the inputs and outputs of the blocks. Once this was completed, the energy balance modelling began. At this point, the model gained complexity because of the need for data acquisition provided by the REFPROP database, used to retrieve the intermediate values of enthalpy and entropy that allow the calculus of the turbine outlet enthalpy. Therefore, the indirect connection of REFPROP with Simulink through Lookup tables was implemented, following the methodology described by M.J. Fossati in his thesis. 
The validation of the Stationary model is done by comparing the simulated results with the averaged measurements related to the same run.
The relevant outputs discussed are the turbine power (Pt), the turbine inlet pressure (pt,in) and inlet temperature (Tt,in). The comparison between measured and simulated results is also reflected in the percentual difference of the simulated value over the measured value.
[image: ]
Fig. 10: Flow chart of the Simulink model
In Figure 11, the values corresponding to the turbine power can be seen. Firstly, it should be pointed out the fact that the variable actually being measured is the electric power, while the comparison is made against the shaft power. Having said that, the calculated shaft power can be taken as a reliable value whose rate to the measured electric power (related to the efficiencies of the generator and the gear box) is maintained almost constant.
The majority of the simulated power values obtained present a percentual difference of less than 5% against the real values. However, the runs corresponding to the 3rd day show a tendency to increase this difference. This could be explained by the fact that the 3rd day also presents high overall parameters fluctuation due to a malfunction of the boiler during the operation of the plant. Therefore, the employment of averaged data in such conditions produces low quality results, and the prediction can be expected to be inconsistent and ambiguous.
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Fig. 11: Test run (3.6) results 3rd day turbine efficiency vs. mass flow
Transient results
Regarding the turbine inlet pressure and temperature as seen in Figure 12 and Figure 13, it can be observed a good coupling between the measurement curve and the simulated variable during the incremental period and in the stabilization region too. Both outcomes look consistent. However, the T simulation is 2 K approx. higher with respect to the measured values, both in the Simulink output and in GESI result. In these two cases the advantage over GESI is clear, as the program is unable of simulating transient conditions.

[image: ]
Fig. 12: Turbine inlet pressure simulation result
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Fig. 13: Turbine inlet temperature simulation result
There it can be observed a progressive increment in the measured power during the first 150 s approx. After that, the power values seem to stabilize around 100 kW (Fig.14). The simulated power tightly follows this increase, thus performing an overall good prediction. However, the model is not able to follow the fluctuation of the signal. With respect to GESI, the simulated constant power is relatively far from the measured power, presenting a difference of near 40 kW above the real values.
[image: ]
Fig. 14:Turbine outlet power simulation result

Summary 
For that matter, the temperature and pressure were iteratively found by employing enthalpy values and working with Look-up tables. This way of modelling proved to be successful and brought versatility to the model, making possible to achieve fluid definition results at the turbine inlet, which are close to the measurements. However, it should be pointed out that these calculations still need refinement in order to lower the error against the real values. 
Apart from that, when considering the temporal behavior of the test runs, the model is consistent in simulating stationary conditions, and is capable of predicting progressive and relatively slow transient conditions. Since the model is based in Stodola’s equation, which is only applicable to stationary conditions, it is not suitable for simulation of fast variations such as the transient conditions encountered during the warm-up and shutdown of the turbine. 
The simulated results show some marked tendencies on each of the variables. In general, the model predicts power results consistently below the measured values. With respect to the turbine inlet temperature, it is observed a sustained prediction of values approx. 2 K above the measured data. In the case of the pressure, the results show accuracy and fluctuate 0,1 MPa approx. around the measured pressure values.
Based on this work, a relevant future study would be to further analyze and understand the relation between the variables that compose the plant, trying to set correlations between coupled effects from the different elements, which are part of the cycle. Furthermore, a logical next step would be to develop a one-dimensional model of the turbine that considers the variation of the parameters progressively inside it.
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Pressure Vs load	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	7.9776625448743522E-3	6.7211806940566415E-2	0.1360191463901077	0.17072197846031112	0.1994415636218588	0.20063821300358994	0.22935779816513763	0.22935779816513763	0.2485041882728361	0.25927403270841648	0.25927403270841648	0.27243717590745914	0.28799361786996408	0.25927403270841648	0.25927403270841648	0.26645392899880332	0.28799361786996408	0.25927403270841648	0.26645392899880332	0.28919026725169522	0.28919026725169522	0.28919026725169522	0.28919026725169522	0.28919026725169522	0.28919026725169522	0.27961707219784604	0.32429198244914242	0.32189868368568014	0.29916234543278819	0.31232548863183085	0.34822497008376546	0.3589948145193459	0.35181491822895894	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.32907857997606699	0.35719984044674913	0.3589948145193459	0.3589948145193459	0.3589948145193459	0.37814120462704426	0.38891104906262464	0.38891104906262464	0.38891104906262464	0.41104906262465096	0.41882728360590343	0.40566414040686083	0.39309932189868374	0.41882728360590343	0.41882728360590343	0.41882728360590343	0.41882728360590343	0.4196250498603909	0.43877143996808937	0.43877143996808937	0.39270043877144001	0.41603510171519742	0.43877143996808937	0.43877143996808937	0.43877143996808937	0.43877143996808937	0.43996808934982051	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.47885919425608303	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.47048264858396494	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.46868767451136817	0.49680893498205031	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49441563621858797	0.46868767451136817	0.4938173115277224	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.49860390905464697	0.50578380534503398	0.52852014359792587	0.52852014359792587	0.52852014359792587	0.52852014359792587	0.51376146788990829	0.50857598723573993	0.50857598723573993	0.50857598723573993	0.50857598723573993	0.53370562425209422	0.53968887116074993	0.56840845632229753	0.57857997606701239	0.59832469086557638	0.59832469086557638	0.59832469086557638	0.59972078181092936	0.60829676904666941	0.61248504188272834	0.63821300358994815	0.63821300358994815	0.67012365376944549	0.69405664140406853	0.68807339449541283	0.68807339449541283	0.67191862784204226	0.65815715995213397	0.65815715995213397	0.65815715995213397	0.65815715995213397	0.65815715995213397	0.67431192660550465	0.68807339449541283	0.68807339449541283	0.68807339449541283	0.68807339449541283	0.68807339449541283	0.71021140805743921	0.70183486238532111	0.68807339449541283	0.7161946549660948	0.71798962903869179	0.71798962903869179	0.74611088950937365	0.74790586358197053	0.74790586358197053	0.75807738332668528	0.77782209812524927	0.77782209812524927	0.77782209812524927	0.77782209812524927	0.81531711208615876	0.83984842441164731	0.84343837255684084	0.81771041084962104	0.82967690466693256	0.82788193059433579	0.84762664539289989	0.84762664539289989	0.82848025528520142	0.81771041084962104	0.81771041084962104	0.82728360590347017	0.8575987235739928	0.8575987235739928	0.82947746310331083	0.82768248903071395	0.85580374950139604	0.8575987235739928	0.8575987235739928	0.8575987235739928	0.87375349022736348	0.90067810131631421	0.91324291982449135	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.89648982848025538	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.87255684084563234	0.88751495811727166	0.90845632229756668	0.89170323095333071	0.91025129637016367	0.88751495811727166	0.88751495811727166	0.90366972477064222	0.91623454327881926	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.87136019146390109	0.8575987235739928	0.86477861986437976	0.88751495811727166	0.8803350618268847	0.87973673713601919	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.88751495811727166	0.89190267251695254	0.89329876346230552	0.88671719186278419	1701.5625	1701.5625	1701.5625	1701.5625	1701.5625	1715.2343999999998	1726.8807999999999	1726.8807999999999	1726.8807999999999	1726.8807999999999	1726.8807999999999	1726.8807999999999	1726.8807999999999	1726.8807999999999	1738.4548	1744.9652000000001	1744.9652000000001	1744.9652000000001	1744.9652000000001	1744.9652000000001	1744.9652000000001	1744.9652000000001	1747.5982999999999	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1763.7732000000001	1777.0544	1788.3679999999999	1788.3679999999999	1788.3679999999999	1797.9166	1828.154	1828.154	1828.154	1828.154	1857.8415	1883.1307999999999	1883.1307999999999	1883.1307999999999	1883.1307999999999	1906.8287000000003	1911.3425999999999	1911.3425999999999	1911.3425999999999	1911.3425999999999	1911.3425999999999	1911.3425999999999	1911.3425999999999	1911.3425999999999	1900.2026000000001	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1886.0243	1877.9947	1875.1736000000001	1875.1736000000001	1875.1736000000001	1875.1736000000001	1875.1736000000001	1875.1736000000001	1875.1736000000001	1875.1736000000001	1876.0126	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.1514999999999	1896.9038	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1914.9595000000002	1920.8476999999998	1922.9166	1922.9166	1922.9166	1922.9166	1922.9166	1922.9166	1922.9166	1922.9166	1920.2835	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1904.1087999999997	1906.5392999999999	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1914.2360000000001	1910.0695000000001	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	1907.7257	2104.6007	2550.13	2855.1214	2992.0717	3039.8148000000001	3039.8148000000001	3039.8148000000001	3039.8148000000001	3000.7523000000001	2967.4767999999999	2919.1984000000002	2916.1169999999997	2887.2107000000001	2862.5868	2862.5868	2862.5868	2832.5086999999999	2806.8865000000001	2806.8865000000001	2806.8865000000001	2806.8865000000001	2789.3807999999999	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2767.1007	2813.8887	2822.8008	2822.8008	2822.8008	2865.0895999999998	2879.9479000000001	2879.9479000000001	2909.6354000000001	2934.9247	2942.0137	2985.5614	2985.5614	2985.5614	3039.2793999999999	3042.7082	3042.7082	3084.9969999999998	3099.8552	3099.8552	3129.9334000000003	3155.5554999999999	3155.5554999999999	3172.7719999999999	3206.192	3206.192	3206.192	3218.5183999999999	3257.5519999999997	3257.5519999999997	3257.5519999999997	3257.5519999999997	3284.4036000000001	3299.5080000000003	3299.5080000000003	3299.5080000000003	3299.5080000000003	3334.8669999999997	3337.1239999999998	3337.1239999999998	3337.1239999999998	3337.1239999999998	3355.4831999999997	3371.1226999999999	3371.1226999999999	3371.1226999999999	3371.1226999999999	3371.1226999999999	3371.1226999999999	3381.2064999999998	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3400.7812000000004	3408.42	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.1423000000004	3418.5763999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3428.9929999999999	3446.9616000000001	3462.2683999999999	3462.2683999999999	3462.2683999999999	3462.2683999999999	3462.2683999999999	3503.5446000000002	3604.1378	3630.0925999999995	3679.7305999999999	3682.8989999999999	3682.8989999999999	3682.8989999999999	3682.8989999999999	3682.8989999999999	3696.1803000000004	3707.4939999999997	3707.4939999999997	3707.4939999999997	3707.4939999999997	3778.3276000000001	3821.0358000000001	3889.7858000000001	3889.7858000000001	3889.7858000000001	3889.7858000000001	3889.7858000000001	3898.6400000000003	3915.8276000000001	3915.8276000000001	3915.8276000000001	3915.8276000000001	3915.8276000000001	3917.1875	3949.8263999999999	3949.8263999999999	3985.7640000000001	4016.3773000000001	4024.7829999999999	4076.4180000000001	4076.4180000000001	4123.5244999999995	4140.0753000000004	4140.0753000000004	4174.4503000000004	4203.7326999999996	4203.7326999999996	4203.7326999999996	4235.7640000000001	4263.0496999999996	4263.0496999999996	4263.0496999999996	4286.2846	4315.8566000000001	4315.8566000000001	4315.8566000000001	4315.8566000000001	4324.7110000000002	4352.7489999999998	4352.7489999999998	4352.7489999999998	4352.7489999999998	4352.7489999999998	4362.8325999999997	4382.4074000000001	4382.4074000000001	4385.3878000000004	4456.9152999999997	4490.3355000000001	4532.8705	4532.8705	4532.8705	4532.8705	4532.8705	4532.8705	4532.8705	4515.6826000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4501.0414000000001	4500.3469999999998	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4483.6803	4472.9744000000001	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4469.2127	4464.9160000000002	4461.2555999999995	4461.2555999999995	4461.2555999999995	4461.2555999999995	4461.2555999999995	Turbine Load (propane flow through the turbine) [%] 


Pressure 3'' [kPa]
 



Eff. Vs Massfl.  in Steady-state condition- 3. day
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