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1 Introduction      

1.1 Background 

 

It is well known that generally, in aircraft propulsion, gas turbines are used in 

preference to internal combustion engines because of their smaller size and lighter 

weight for a given power output. 

However, internal combustion engines are capable to achieve higher thermal 

efficiency than gas turbine engines. 

It has been tried to combine the advantages of internal combustion and gas turbine 

engines in so-called compound cycle engines.  The idea is the integration of a piston 

engine in a gas turbine aero engine. In such a concept the combustion process does 

not take place in a continuous flow gas turbine combustion chamber, but inside the 

piston engine. The resulting exhaust gases are then used to drive a turbine which 

drives the turbocompressor and the propulsor. [1] 

The 1940's and early 1950's saw considerable interest in compound cycle engines 

being applied to aircraft. One famous example is the Napier Nomad, which is shown in 

Figure 1.1. It was apparently overtaken by the availability of cheap fuel at the time and 

the higher speed that jet engines offered. [2] 

 

Figure 1.1- Napier Nomad [3] 

 

Nowadays, the technology of small simple cycle gas turbines is at a level where further 

improvement in specific fuel consumption is very difficult to achieve since further 
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increase in cycle pressure ratio is hard to realize. With the possibility of further 

compression and pressure gain combustion in a piston engine compound cycle engines 

promise a considerable further increase in cycle pressure ratio and thereby in thermal 

efficiency. 

The Army/NASA Small Engine Technology program [4] indicated that increasing the 

engine’s performance will require improved cycles that incorporate the results of the 

research and development efforts in materials: Ceramics for higher cycle 

temperatures, and component aerodynamic design for better efficiencies. Efforts in 

other areas will provide improvements of a smaller magnitude. Due to these economic 

and logistic pressures, other more efficient power plants such as the compound cycle 

have been reconsidered. [5] 

1.2 Aim and Methodology 

 

In order to investigate the potential performance of compound cycle engines 

thermodynamic models for piston engines have been developed at de Institute of 

Aircraft Propulsion Systems (ILA). These models are based on a non-steady Seiliger 

process. In this way it is possible to carry out fast performance calculations with a low 

computational effort. Since the real processes in piston-engines are non-steady, a 

time-resolved calculation can reproduce these processes in more detail than a quasi-

steady computation. 

The aim of this work is to compare the ILA-developed piston engine models for 4-

stroke piston engines with time-resolved model taken from literature, which means 

that a validation is going to be carried out. In this work a validation for a 4-stoke 

Wankel engine is conducted. 

 This study will follow the steps outlined in Figure 1.2. The results of this model 

developed by ILA will be compared to existing engine performance data. 

 

Cycle 
simulation of 

a Wankel 
engine of the 

literature

Analyze 
output 

parameters
Validation

Analyze 
model 
output

Developed 
engine 
model

Figure 1.2- Methodology diagram 



                                                                                                                                              2 Fundamentals 

3 

 

2 Fundamentals 

 

2.1 Concept of compound engines 

 

In an engine sense, compounding is combining of two or more power producing units 

in a single power plant. Therefore, a turbo-compound engine uses two different 

principles (turbine and piston engine) of power extraction that contribute to the power 

output working with the same working fluid.  That means that energy is extracted from 

the exhaust stream of a piston engine by expanding the exhaust gas through a turbine. 

Both turbine and piston engine contribute to the same power output. Turbo-

compound engines combine the high efficiency of a displacement machine with the 

high power-to weight ratio of a turbine. [2, 6] 

 

Figure 2.1- Diagram of aircraft compound cycle propulsion engine [7] 

 

In case of Figure 2.1, a ducted turbofan-compound engine comprises a core engine 

which includes a turbo compressor, three Wankel engines fed by the turbo compressor 

and a turbine. The Wankel engines drive the turbo compressor and the turbine drives 

the fan. The rotary Wankel engine is chosen since it has a higher power-to-weight-ratio 

than a reciprocating piston engine [7] 

2.2 Fundamentals of piston engines 

In piston engines energy is transferred from a fluid to a piston or vice versa. They are 

thus part of the category of fluid energy machines that absorb mechanical energy in 
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order to increase the energy of the conveyed fluid. Piston engines are internal 

combustion engines because combustion takes place within the engine. Due to this, 

pressure gain combustion is possible. They operate through a sequence of strokes that 

admit and remove gases to and from the cylinder. These operations are repeated 

cyclically and an engine is said to be 2-stroke, 4-stroke or 6-stroke depending on the 

number of strokes it takes to complete a cycle. A Wankel is a 4-stroke engine. The 

four-stage cycle of intake, compression, ignition and exhaust occurs in a moving 

combustion chamber between the inside of an epitrochoid-shaped housing, and a 

rotor. 

There is a difference between reciprocating engines and rotary engines. In 

reciprocating piston engines, the piston moves between two extreme positions, the 

"dead centers," in a cylinder. In rotary piston engines, a rotating piston rotates in a 

chamber [8]. This study focuses on Wankel engines, because of their higher power-to-

weight-ratio compared to reciprocating piston engines which makes them more 

interesting for aircraft propulsion system.  

 

 

 

Figure 2.2- Comparison of basic operation of the rotary and reciprocating engines [9]   
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Figure 2.3- Basic principles of Wankel engine [10] 

Figure 2.2 compares the basic principles of rotary and reciprocating engines. The fuel-

air mixture enters into the first chamber during the intake process for the rotary 

engine; the fuel-air mixture is then compressed as the rotor rotates during the 

compression process. For a Stratified Charge Rotary Engine (SCRE), air enters into the 

combustion chamber, and fuel is injected and mixed with the air during the 

compression process. When the compressed fuel-air mixture reaches its target spark 

timing, a spark plug ignites the fuel-air mixture, and the combusted gases expand 

during the expansion process. The expansion continues until the rotor reaches the 

exhaust port where the combustion products exit. These processes take place in all 

three chambers at the same time. Three events of combustion are achieved in every 

rotation of the rotor within the housing. This leads to a flatter torque curve for the 

rotary engine compared with a one-cylinder reciprocating engine in which combustion 

occurs for every two revolutions of the crankshaft.  

 

2.3 Wankel engine 

 

In Figure 2.3, the three-flank rotor rotates about its centre of gravity and at the same 

time rotates around the crankshaft centreline. 

The rotor turns at one third of the crankshaft speed, driven by a gear on the 

crankshaft. The three corners of the rotor divide the trochoid-shaped rotor housing 

into three working chambers. Each working chamber executes a full four-stroke cycle 

on each rotation of the rotor. Thus, the engine achieves one power stroke per 

revolution of the crankshaft. The system is completely balanced by counterbalancing 

the crankshaft. 
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3 Thermodynamic modelling 
 

The ILA models are based on a non-ideal Seiliger process. By applying loss parameters 

the ideal Seiliger process is modified to model a real piston engine cycle. These loss 

parameters are 

• Polytropic efficiency ηn for compression process. 

• Heat loss qloss 

• Mechanical efficiency ηm 

• Crevice losses ∆mAB, ∆mBC, ∆mDE 

 

In Figure 3.1 and Figure 3.2 it is shown how the ideal Seiliger process evolves to the 

simulated non-ideal Seiliger. 

 

 

 

Where: 

 

       A    Intake 

A�B   Compression 

B�C�D  Combustion 

D�E    Expansion 

E �F�R  Exhaust 

 

 

0

R 

 

Figure 3.1 - Ideal vs. non ideal p-V diagram Figure 3.2 - Ideal vs. non ideal T-s diagram 
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 Ideal Non-ideal 

Intake (0|R �A)  Isobaric 

Compression (|A �B) Isentropic Adiabatic + Losses 

Combustion (B�C�D) Isochoric + Isobaric Isochoric + Isobaric with losses 

Expansion (D�E) Isentropic Adiabatic + Losses 

Exhaust (E �F�R) Isochoric Isentropic + Isobaric 

 

Table 3.1- Comparison ideal and non-ideal Seiliger process 

 

Table 3.1 compares the ideal and non-ideal Seiliger process. 

In the modelled non-ideal Seiliger process, the following process steps take place: 

 

Intake       A    : Mass of air is drawn into the cylinder arrangement at constant 

pressure. 

Compression (A�B): With the adiabatic, non-ideal entropy increase, pressure in the 

cylinder increases while the volume of the gas decreases. 

Isochoric combustion (B�C): The air/fuel mixture starts to burn. Heat release takes 

place at a constant volume (isochoric). Gas pressure increases. 

Isobaric combustion (C�D): Further heat release takes place at constant pressure 

(isobaric) as the chamber volume increases. 

Expansion (D�E): The piston continues to move downwards. No further heat release 

takes place. Pressure decrease as volume increases. 

Exhaust (E �F�R): After the exhaust valve opening, the gas flows out isentropically 

and balances with the external pressure. In this state change, neither work nor heat is 

emitted or received by the piston. After the pressure inside the cylinder and the 

pressure behind the exhaust valve have balanced, the fluid is pushed out.  The 

pressure, temperature and density of the fluid do not change during pushing out. After 

the exhaust, the exhaust valve closes. Before fresh gas can flow into the cylinder, the 

residual gas still present in the piston has to be balanced with the intake pressure. 

 

0

R 
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4 Validation 

 

The validation is made with a Thesis of Massachusetts Institute Of Technology (MIT) 

[9]. The Thesis includes the development of a cycle simulation in which a zero-

dimensional one-zone combustion model is employed to predict the performance of a 

Wankel stratified-charge engine. The performance model includes the effects of heat 

transfer, crevice and leakage flows and fuel-injection. The thermodynamic properties 

chamber temperature, pressure and average overall equivalence ratio are determined.  

In order to proceed with the validation of the results of our model, a p-V and T-s plots 

are made with the data of the MIT report. The p-V and T-s diagrams are shown on 

Figure 4.1 and Figure 4.2 

The calculation of the p-V diagram is done by the following process: 

Using the ideal gas law, 

 

�� = ��� 

 

 

(4.1) 

 

Where � is the gas pressure, � the gas volume,  � the gas mass, � the gas constant 

related to our fluid and � is the temperature. 

While �, � and � are given in the Thesis,  � is calculated as a function of fuel-to-air-

ratio (�) using a fluid model. Therefore, it is necessary to determine � at the intake, 

compression, combustion, expansion and exhaust. � during compression phase is 

Figure 4.1- MIT p-V diagram 
Figure 4.2- MIT T-s diagram 
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estimated by means of the following diagram extracted from de MIT Thesis (Figure 

4.3). 

  

 

Figure 4.3- Fuel mass burning rate and average equivalence ratio over crank angle [9]. 

 

Where the equivalence ratio ф and � are given, respectively, by 

 

ф = ��
 
(4.2) 

 

 

� = ���� 
(4.3) 

 

 

The subscript s indicates a value at the stoichiometric condition. � <1 is a lean mixture, 

ф =1 is a stoichiometric mixture, and ф >1 is a rich mixture.  

Being �� and �� the respective masses of the fuel and the air. For a stoichiometric 

mixture, the equation becomes 

 

������������������  =   ��
�� + �4 − �2 · 4,76 · ����

 (4.4) 
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Where �� and ���� are the average masses per mole of fuel and air, respectively. 

Most hydrocarbon fuels have a stoichiometric fuel-air ratio, ��, in the range of 0,05–

0,07.  

The air to fuel ratio (AFR) is also used to describe a combustible mixture and is simply 

the reciprocal of �, as 

%&� = 1� 
(4.5) 

 

Normalizing the actual � by the stoichiometric � ratio gives the equivalence ratio. 

 

ф = ��
 =  ����� =  (��(� =  ()*�()*,� 
(4.6) 

 

 

Equivalence ratio is a normalized quantity that provides the information regarding the 

content of the combustion mixture. 

In this case, the stoichiometric mixture is of isooctane and air. 

 

+,-., + (8 + 184  1* + 3,76(*) → 8+1* + 9-*1 + 3,76 (8 + 184 − 0)(* 

 

(4.7) 

 

+,-., + 12,5(1* + 3,76(*) →  8+1* + 9-*1 + 3,76 · 12,5 

 

(4.8) 

 

 

The calculation of � depends on if it is carried out at the intake, compression, 

combustion or exhaust phase. 

 

Compression: A constant value of fuel equivalence ratio is considered, therefore � will 

be also constant. Looking at the correspondent angle when compression begins, it is 

possible to obtain the equivalence ratio by means of the previous page graph (Figure 

4.3). 
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�� = ��
�� + �4 − �2 · 4,76 · ����

=  11412,5 · 4,76 · 28,96 = 0.066 (4.9) 

 

 

�* = ф · �
 = 0,05 · 0,066 = 0,003 
(4.10) 

 

Where the subscript 2 refers to the compression phase. 

 

Combustion: �9 is proportional to the variation of chamber mass, therefore  

 

�9 = ���� = �* + (��:; · <=>�:�;,�)��� − ��  

= �* + (��:; ∗ <=>�:�;,�)��� − (�@

 �ABC DEFAGHBF · <=>�:�;,�) 

(4.11) 

 

 

Where <=>�:�;,� corresponds to the rate of fuel burned in each crank angle variation. 

��� is the mass of air and fuel in the chamber in each crank angle increment. The 

subscript 3 refers to the combustion phase. 

 

Exhaust: �I remains constant.  The mass of fuel and air decreases in every crank angle 

increment. In order to compute �I, the last value of �9 at combustion is taken and 

remained constant. The subscript 4 refers to the exhaust phase. 

 

Intake: Fuel mass is constant and mass of air increases. Therefore �. decreases in each 

crank angle increment. 

 

�. = ��I�� = ��IGℎ@�KBL �@

 − ��I 
(4.12) 

 

 

Where the subscript 1 refers to the intake phase. 

Once obtained the value of � in every phase, it is possible to compute � and to plot 

the p-V and T-s diagrams of the MIT-Thesis-Cycle.   
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4.1 Validation methodology 

 

In order to proceed with the validation of the model performance a systematic 

methodology is required. The methodology developed for this work starts applying 

some parameters taken from the MIT Thesis as boundary conditions in our model. 

These parameters are: 

• Heat losses (MN���) 

• Chamber mass (���) 

• Burning efficiency (ηb) 

• Combustion temperature  

• Maximum cycle pressure  

Additionally to setting the above parameters, the following variables are considered as 

open parameters in a given interval because their value is not given in the MIT-Thesis. 

Their influence on the results is going to be studied: 

• Compression ratio (πK) 

• Polytropic efficiency (ηn) 

The following parameters are chosen as result parameters to study how the results of 

our model behave compared to the MIT report parameters. 

• Thermal efficiency (η) 

• Cycle work (W) 

• Fuel massflow (�O �) 

• Exhaust temperature (Tex) 

 

These variables of our model are nominalized with respect to those of the MIT thesis. 

In this way, the percentage of error between both results is obtained. 

The degree of similarity is established by means of the relative error, expressed as: 

 

P = Q1 − RR���Q + Q1 − SS���Q + T1 − �O ��O ����
T + Q1 − ��U��U���Q (4.13) 
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Where each fraction corresponds to the relative value of the magnitude to which it 

refers, i.e. the value calculated by the model with respect to the reference value of the 

MIT thesis. 

With the previous results of the nominalized parameters (relative value) and the error 

obtained from equation 4.13, the following graphs are plotted, which allow to perform 

the final validation: 

• Relative value by πK 

• Relative error ε by πK 

• Various contour plots 
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5 Results 

5.1 Contour plots 

 

The total relative error computed with equation 4.13 is displayed as a contour plot in 

Figure 5.1. This diagram shows the different possible combinations of πK and ηn . 

The compression pressure ratio and polytropic efficiency have been chosen as variable 

parameters because of their importance on the performance in an engine. Both factors 

are considered during the design of an engine. Choosing them optimally enables to 

obtain the required performance in the most efficient manner. 

πK is a measure of the amount of compression the air experiences as it passes through 

the compression stage, while the polytropic efficiency of a process is defined as 

the isentropic efficiency of the process for an infinitesimal step. 

ηn is independent of the pressure ratio (unlike the isentropic efficiency). 

 

 

 

 

 

 

 

 

 

 

Figure 5.1- ε contour plot 
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The combination of πK and ηn that allows the ILA-model-cycle to evolve in the best way 

the MIT-Thesis-Cycle is also shown in Figure 5.1. A representative sample of the two 

values of πK and ηn for achieving the best result by means of having the less total error 

are shown on Table 5.1. 

 πK ηn 

Case 1 18 0,99 

Case 2 17 1 

 

Table 5.1- πk and ηn  selected values 

Figure 5.1 allows finding the best process by means of the total relative error, while in 

Figure 5.2, Figure 5.3, Figure 5.4 and Figure 5.5 the relative error for every single 

variable is represented. In this way, the following diagrams give us an idea of which 

chosen result parameters contribute most to increment or reduce the total relative 

error. 

 

 Figure 5.2- Tex contour plot 
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 As Figure 5.1 displays, the maximum error reached for the exhaust temperature is 

around 1,085. The minimum error has a value of approximately 1,055. That means that 

there is a very little variation on maximum and minimum error, what means that Tex 

has not a great influence on the choice of the different πK and ηn. Not having a big 

influence in the choice does not mean that this result parameter is negligible.  

Figure 5.3- η contour plot 

In the case of Figure Figure 5.3, there is a bigger error range (0,92-1,12), implying a 

bigger influence on the choice of the above parameters. Furthermore, the error is 

bigger than in Figure 5.2, what means that η has a big influence in the total error. 

However, η has to be taken into account as it is one of the most important parameters 

in a thermodynamic cycle. The reason is that the thermal efficiency of a heat engine is 

the percentage of heat energy that is transformed into work. So the energy lost to the 

environment by heat engines is a big waste of energy resources. Therefore it is very 

significant to choose πK and ηn taking η into account. η increases with πK. 
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As expected, in Figure 5.4 a big variation respect to Figure 5.1 is observed if η is 

neglected. This happens due the big range of error, which leads to a visible influence in 

the contour diagram. 

Figure 5.5- Fuel massflow contour plot 

 

Figure 5.5 is comparable to Figure 5.2. The error range is very small also. So the 

influence in the total error contour plot is small. 

Figure 5.4- Total error vs. Total error without η 
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Figure 5.6 shows the cycle work. The plot is very similar to the thermal efficiency plot. 

This happens because the cycle work is directly related to thermal efficiency, as shown 

in equation 5.1. 

R = SM�: 
(5.1) 

 

As in Figure 5.4, a considerable variation is observed in Figure 5.7 between the plot of 

the total error and the plot of the total error without W. The effect of not having W in 

the contour plot is comparable to that of not having  η.  

Figure 5.7- Total error vs. Total error without W 

Figure 5.6- Cycle work contour plot 
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5.2 Parameters error optimization plots 

 

Figure 5.8 and Figure 5.9 are a section of the previous contour plots, what means that 

the following diagrams are a way to look at the contour plots more in detail.  

 

The plots of Figure 5.8 are done for ηn=0,99 and for ηn=1, as these values of efficiency 

are the ones that fit best in order to find the best result. The minimum of the first 

graph is reached in πk=18, while in the second plot the minimum is around πk=17. 

 

Again it is shown that both Tex and �O � experience, in both cases, a tiny relative value 

variation with the different πk. Also the relative value is very close to 1. As the relative 

Figure 5.9- Relative value ηn=0,99 vs. Relative value ηn=1 

Figure 5.8- Relative error  ηn=0,99 vs. Relative error η ηn=1 
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value is directly proportional to the relative error, the closer the relative value gets to 

1, the less relative error is accumulated.  

The same curve pattern is followed in the case of W and η, as they are directly 

proportional. 

5.3 p-V and T-s plots 

 

Once obtained the values of the searched parameters, it is proceed with the plot of    

p-V and T-s diagrams. Both plots permit to see how the process behaves in every 

phase. 

Figure 5.10 and Figure 5.11 show p-V and T-s diagrams in case 1 and case 2, 

respectively. The blue line corresponds to the MIT-Thesis-Cycle, while the red one is 

the modelled cycle. 

 

 

 

 

 

 

 

 

 

  

Figure 5.10- p-V diagram πk=18 and ηn=0,99 vs. p-V diagram πk=17 and ηn=1 

Figure 5.11- T-s diagram πk=18 and ηn=0,99 vs. T-s diagram πk=17 and ηn=1 
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The denominated Seiliger or Dual cycle is the one selected in ILA code to simulate the 

process as much real as possible. The reason is that approximating the combustion 

process in internal combustion engines as a constant-volume or a constant pressure 

heat-addition process is overly simplistic and not quite realistic.  

The diesel process with its purely isobaric heat supply cannot be realized in practice 

since a heat supply without a pressure increase is not possible. The Otto process with 

its purely isochroous heat supply cannot be performed in practice, since any fast heat 

supply is not possible. A better approach to model the combustion process of the MIT-

Thesis-Cycle as a combination of two heat-transfer processes, one at constant volume 

and the other at constant pressure, is the Seiliger process. 

From the images three main difference between the MIT-Thesis-Cycle and the ILA 

modelled one are observed. 

 

1. The ILA process is divided into separate processes (intake, compression, 

combustion, expansion, and exhaust). The real one is a sequence of 

thermodynamic processes.  

2. The exhaust process in the ILA-modelled cycle occurs first isentropically and later 

at constant pressure. In the real one, this process requires a finite real time and a 

finite cycle time. 

3. The entropy from ideal process increases in every phase, while the entropy in the 

MIT-Thesis cycle decreases in the compression and expansion process. 

 

Explanation: 

1. By dividing the engine operating cycle into a sequence of separate processes 

(intake, compression, combustion, expansion, and exhaust) and modelling each 

process, the complete engine cycle can be simulated. In this way, the engine’s 

performance can be estimated. 

When analysing an ideal cycle, it is important to note that a piston engine is not a 

closed system. On the contrary, it is an open system that exchanges heat and work 

with its environment. Therefore, the ideal cycles discussed here are a sequence of 

engine processes wherein the working fluid is analysed, and are not 
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thermodynamic cycles per separate. However, the analyses used within the 

individual processes are based on thermodynamic principles. 

Furthermore, in real working, the exhaust port starts opening before the piston 

reaches the bottom dead centre (BDC), as it can be observed in Figures 5.10 and 

5.11.  This means that the exhaust port is open for a small amount of time while 

the power stroke is taking place. This results in a drop in pressure inside the 

combustion chamber and thus a loss in power. 

2. The division of the exhaust process into firstly isentropic and secondly isobaric 

occurs because of the approximation to Seiliger process: After the exhaust valve 

opening, the gas flows isentropically out of the piston. This process is assumed to 

be instantaneous while the piston is in BDC. After the pressure inside the cylinder 

and the pressure behind the exhaust valve have balanced, the fluid is pushed out. 

The piston moves to the top dead centre (TDC). After the exhaust, the exhaust 

valve closes. The residual gas still present in the piston has to be balanced with the 

intake pressure. 

3. Heat transfer occurs in two bodies with different temperatures, i.e. our cycle (with 

temperature �.) and the sorroundings (with temperature �*). Heat will flows from 

the body at the higher temperature �. to the body at the lower temperature �*). If 

an amount of heat FM flows from the first body to the second, consequently, in 

accordance with Equation 5.2, the entropy of the first body will be reduced by 

F
. = − FM�.  
(5.2) 

 

                                                     

      and the entropy of the second body will increase by 

  

                                                                      

F
* = FM�*  
(5.3) 

 

                                                        

     The total change in the entropy of the entire system is 

 

F
�W� = FM( 1�* − 1�.) 
(5.4) 
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The change in entropy for any process that leads to a transformation between an 

initial state a and a final state b is therefore 

 

∆Y = Y= − Y� ≥ [ FM���>�N�
=

�  

 

(5.5) 

 

where FM���>�N  is the heat exchanged in the actual process. The equality only applies 

to a reversible process. 

The difference  FS��\ − FS���>�N represents work we could have obtained, but did 

not. It is referred to as lost work and denoted by SN��� . It can be written: 

F
 = FM���>�N� +  FSN����  
(5.6) 

 

Equation 5.5 says that the entropy of a system can be altered in two ways:  

• through heat exchange 

• through irreversibilities 

The lost work in Equation 5.5 is always greater than zero, so the only way to decrease 

the entropy of a system is through heat transfer. That means that in the real process of  

Figure 5.10 and Figure 5.11 the entropy in expansion decreases due to the heat 

transfer. 
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6 Conclusions  

 

The validation from the ILA-developed piston engine models for 4-stroke piston 

engines and the time-resolved model taken from the literature has been carried out. 

The results obtained are summarized in Table 6.1. 

 
ηn ε ]^ 

ηη��� 
WW��� 

��U��U,��� 
����,��� 

Case 1 0,99 0,0989 18 1,002 0,9925 1,066 0,9768 

Case 2 1 0,0966 17 1,006 0,9936 1,059 0,9739 

Table 6.1-Errors in result parameters 

�� and T are result parameters that are independent of πk, they only depend on ηn,  

while W and Tex depend on both of them. 

However, it has not been easy to achieve the results because the MIT-thesis avoids the 

explanation of the way of obtaining the thermodynamic parameters. That means that 

it has not been possible to compare the thermodynamic computations.  In spite of 

that, the obtained output parameters in both cycles have been compared. . Comparing 

the calculations would have helped to increase the ILA cycle performance.Thereby, the 

best process to evolve the time-resolved one has been found out. 

As the ILA-cycle is modelled as a steady model in order to reduce the computational 

effort, a certain relative error should be expected. However, the goals that were set 

have been achieved. 
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