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Abstract 

In order to contribute to the auto-ignition and emission control for Homogeneous Charge 

Compression Ignition (HCCI), a kinetic multi-component mechanism, containing 62 reactions 

and 49 species for mixtures of n-heptane, iso-octane and toluene is validated in this work, 

comparing for the concentration profiles of the fuel, the total hydrocarbons, O2, CO2, CO, 

acetaldehyde and iso-butene. These species are sampled during the combustion and 

quantified. For these measurements an automotive exhaust analyser, a gas chromatograph, 

coupled to a mass spectrometer and a flame ionisation detector are used, depending on the 

species to be measured. The fuel, total hydrocarbons, O2, CO2, iso-butene and acetaldehyde 

showed a satisfactory quantitative agreement between the mechanism and the experiments. 

Both the experiments and the modelling results showed the same formation behaviour of the 

different species. An example is shown of how such a validated mechanism can provide for a 

set of information of the behaviour of the auto-ignition process and the emission control as a 

function of engine parameters.  
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1 Introduction 

The HCCI mode of combustion appears to be an interesting solution for the reduction of the 

automobile pollution. However, the control of its auto-ignition and emission are still to be 

fully comprehended. Such an investigation can be performed by means of kinetic modelling. 

In order to use a kinetic mechanism for auto-ignition control and emission control it is 

necessary to validate that mechanism. Generally, mechanisms for engine purposes are 

validated against global auto-ignition parameters. If one wants to use a mechanism for 

emission control as well, it should also be validated against the concentration profiles of some 

major and some important intermediate species during the combustion. This, since a correct 

prediction of the profile of species during the combustion makes a mechanism reliable for the 

calculation of the concentrations of several species during the combustion. Such a tool is 

important for the understanding of the mechanisms that cause pollution and in this way a 

validated mechanism can be used for the purpose to control the emissions.  

 

Much work [1-4] has been presented, investigating auto-ignition for many compounds. A 

great part of these investigations [5-9] use the so-called Primary Reference Fuels (PRF) such 

as iso-octane and n-heptane. To account for aromatics in gasoline and especially diesel, 

mostly toluene is added for this purpose [10-15]. Therefore these three fuels are used for this 

investigation. For a better understanding of the auto-ignition process, the use of kinetic 

mechanisms can be an important tool, especially of a reduced form [16-19]. Performing a 

parametrical analysis on auto-ignition requires kinetic models of low dimensionality. In this 
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way, a wide range of calculations can be made within a short period of computing time. 

Moreover, with the intention to understand the behaviour of the auto-ignition process, 

influenced by several parameters, such a kinetic mechanism can give more insight of how the 

parameters influence the chemical species evolution during the auto-ignition. Reduced models 

for hydrocarbon auto-ignition are also being applied to Computational Fluid Dynamics (CFD) 

codes. A reduced kinetic mechanism representing the auto-ignition of n-heptane, iso-octane 

and toluene, containing 62 reactions and 49 species, has been developed, numerically 

validated and compared to constant volume experiments  in previous work [20], called the 

surrogate mechanism. Moreover, it has been calibrated by experiments with regard to the heat 

exchanges to the wall and the effect of the residual gases in an HCCI engine [21]. The impact 

of the estimation of the residual gas fraction and temperature appeared to be crucial and it 

could well be the main factor of error in comparing the experimental results with the chemical 

kinetic calculations of the surrogate mechanism.  

 

The possibility of using this calibrated mechanism for the purposes of emission control in an 

HCCI engine can be investigated by calculating the concentration profile of important species 

and comparing them with experimentally measured concentrations of those same species. 

These experimental values should be extracted from the cylinder during the combustion at 

several Crank Angle Degrees. Much research has been performed, showing detailed kinetic 

mechanisms being compared to experimental results, concerning the profile of species as a 

function of time. Examples are the work of Baldwin et al. [22], Morley [23], Slagle et al. [24], 

Hughes et al. [25], Baulch et al. [26] and others [27-31]. Often, these mechanisms describe 

the oxidation or auto-ignition of one fuel and often the mechanisms are detailed. Moreover, 

the experimental apparatus with which the experiments are done, are often static or with a 

constant volume. Not many mechanisms are experimentally validated whilst describing the 
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oxidation or auto-ignition in an engine. Griffiths [32] states that the fundamental, qualitative 

difficulty is that a kinetic scheme, which has been reduced to an extent that is both desirable 

and broadly acceptable for one purpose may not be at all satisfactory for another. The present 

problems arise largely from the omission of elementary reactions for the formation of partially 

oxygenated intermediates followed by their subsequent oxidation. This can have a profound 

effect on both the rate and the extent of the heat release through the associated enthalpy 

changes. Various works [32-36] shows the importance of modelling work and its validation 

by experimental work concerning combustion systems. Many works performed measurements 

of species at both the exhaust pipe and during the combustion [37-40]. Mishra et al. [41] 

measured concentrations of selected hydrocarbons (CH4, C2H6, C2H4 and C2H2) have been 

measured in CH4/air partially premixed flames for different primary mixture equivalence ratio 

and primary jet velocity using gas chromatography. To the best of the knowledge found in the 

literature, no substantial work is found containing strongly reduced multi-component fuel 

mechanisms which are experimentally validated in an HCCI engine with regard to the profile 

of its most important intermediate and final product species. Such mechanisms could be used 

for emission control of an HCCI engine.  

 

Considering these observations, the aim of this paper can be divided in two parts. The first is 

to validate experimentally the reduced kinetic mechanism against experimental concentration 

profiles with the use of an HCCI engine [20,21,42]. In this study, the experimental 

concentration profiles are extracted from [43] and reconverted from ppmC into ppmv. The 

reconversion is done by dividing the number of ppmC by the number of C-atoms present in 

the component in question, obtaining the number of ppmv. The gas that is sampled from the 

engine cylinder is separated by a Gas Chromatograph, identified and quantified by a Mass 

Spectrometer and a Flame Ionisation Detector (for hydrocarbons). The species that are used 
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for the validation of the surrogate mechanism by the experiments are the fuel (60 vol% n-

heptane / 40 vol% iso-octane), the total hydrocarbons (THC), CO, CO2, O2, CH3CHO and iso-

butene. These species cover the fuel, some major pollutants (CO, CO2 and THC), cool flame 

intermediaries (CH3CHO, CO) and species formed after the cool flame during the Negative 

Temperature Coefficient, NTC (iso-butene), all of which contribute eventually to the final 

heat release and thus the final auto-ignition. Finally, an example is presented of how such a 

mechanism could be used for both auto-ignition control and emission control.   

 

2 Experimental set-up 

Figure 1 shows the experimental set-up that is used for both the auto-ignition experiments 

[21] and the gas sampling experiments [43]. The fuel that is used is PRF40. More information 

concerning the experimental set-up of the HCCI engine can be consulted in [21]. The HCCI 

engine, running at 600 rpm, has a compression ratio of 10.2, a bore of 82.55 mm, a stroke of 

114.5 mm and a displacement volume of 612 cm
3
. The ratio of the connecting rod to crank 

radius is 4.44. The exhaust valve opens at 140°After Top Dead Center (ATDC) and closes at 

15°ATDC. The intake valve opens at 10°ATDC and closes at 146°BTDC. It concerns a 

water-cooled mono-cylinder engine, where the inlet temperature and pressure can be 

regulated and measured with an error of respectively +/- 1 
o
C and +/- 3 mbar. The fuel/air 

mixture is continuously prepared in a mixture tank by controlling the air flow (+/- 2 %) and 

the fuel flow (+/- 1 %). The fuel is injected in the mixture tank by a nebulizer using a High 

Pressure Liquid Chromatograph (HPLC), assisted by 1.5 bar pressurized air. By controlling 

the fuel and air flow, the equivalence ratio can be chosen, with a confidence interval of +/- 

0.005. The compression ratio can be chosen by changing the position of the cylinder head 

(confidence interval +/- 0.5). The fuel is composed by measuring the volumetric quantity 

(confidence interval +/- 1 vol%) of each constituent of the fuel and mixing these together. The 
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fuel/air mixture is auto-ignited by compression. The pressure in the cylinder is measured by a 

piezo-electric pressure sensor mounted in the cylinder head. The standard deviation of the 

pressure is 1.5 % during the ignition. These deviations lead to a confidence interval of the 

ignition delays of +/- 0.5 CAD. 

 

One of the characteristics of HCCI engines is that the combustion process proceeds in a 

relatively short time. The sampling duration is thus of great importance. If the sampling 

duration is too big, the measurements will give results that are based on several crank angle 

degrees. Much information would be lost. On the other side, if the duration is too small, not 

enough volume can be collected for the analysis. Detailed information about this sampling 

procedure, the sampling probe and its calibration can be found in [43]. To obtain fast 

response, the percussion principle as described by Zhao et al. [44] was used. The optimal 

sampling duration seemed then to be 3.33 ms. This corresponds to a sampling window of 12 

CAD, with 70 % of the volume being sampled within 6 CAD. It is necessary to sample from 

several hundreds of combustion cycles in order to collect sufficient sample volume for the gas 

analysis system and to get a result independent on the influence of cyclic variations in the 

combustion process. The concentration measurement’s uncertainty of the species in question 

is between 4 % (the heaviest species) and 22 % (the lightest species), while this is 2% for CO, 

CO2 and O2. The sampling was operated every 10 cycles so as to minimize the effects of the 

sampling procedure on the combustion process. This sampling procedure involved about 20 

minutes of stabilized engine running.  

 

3 Results and discussion 

This section presents the obtained results of the comparison of the kinetic mechanism with the 

experiments concerning the profile of the species mentioned in the introduction: the fuel 
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PRF40, THC, CO, O2, CO2, acetaldehyde (CH3CHO) and iso-butene (IC4H8). Each result is 

accompanied by a pressure curve, in order to indicate the stage of the in-cylinder combustion. 

The experimental difficulties and development are explained in [43] and the results for the 

experimental concentration profiles are used from it, which are subsequently reconverted 

from ppmC to ppmv for this study, in order to compare the results with the kinetic 

mechanism. The operating conditions are: an inlet temperature of 70 
o
C, an equivalence ratio 

of 0.4, a compression ratio of 10.2 and an inlet pressure of 1 bar.  

 

3.1 The profile of major species during the combustion 

In this subsection, the profile of the major combustion species (the fuel, the total hydrocarbon 

content, O2 and CO2) is presented as a function of the engine’s crank angle degree. Numerical 

results, obtained from the surrogate mechanism, are compared to the experimental results, 

obtained from the GCMS. Figure 2 presents this comparison for the fuel PRF40 and the total 

hydrocarbon content during the combustion.  

Figure 2 shows that the mechanism, taking account of the experimental measuring errors, 

predicts quite satisfactorily the profile of the fuel degradation and that of the total 

hydrocarbons. The two-stage combustion (cool flame and final ignition), comprising three 

steps, is nicely represented by both the mechanism and the experiments. The first step 

represents the consumption of the fuel and the THC, caused by the cool flame. At the second 

step, the consumption becomes less intensive (indicated by the arrows in figure 2), 

representing the NTC, which stands also for decreased reactivity. It can be seen that both the 

mechanism and the experiments show an interruption in the decrease of the concentrations. 

The final step, is where the consumption becomes more intensive, consuming the majority of 

the fuel and the total hydrocarbons. This is called the final ignition. Figure 2 gives another 

interesting observation. Both the mechanism and the experiments show that during the NTC 
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(indicated by arrows), the THC concentration becomes higher than that of the fuel, while both 

decrease. This means that the fuel’s concentration decreases faster than that of the THC, since 

the fuel consumption produces other hydrocarbons, which are mainly olefins, of which the 

concentrations increase. This makes the THC concentration decrease less than the fuel. This 

observation is well predicted by the mechanism.  

Figure 3 presents the comparison of the numerical results with the experimental ones, 

concerning the profiles of oxygen and carbon dioxide.  The experimental values of CO2 and 

O2 validate satisfactorily the numerical values of the surrogate mechanism. The two-stage 

combustion is made visible by the O2 concentration, not only numerically, but also the 

experiments show this two-step consumption of oxygen. The beginning values and the end 

values of CO2 and O2 correspond well within the measurement errors. The main difference 

appears to be that the experimental values change gradually, whilst the numerical values 

change abruptly at the final ignition. This is due to inhomogeneity and due to the sampling 

window of 12 CAD. The 0D model assumes a perfect homogeneous combustion, whilst in the 

reality it is possible that, for instance near the wall, the combustion takes place later than in 

the middle of the cylinder. The sampled gas is a mean value of what is present in the cylinder 

and, therefore, the measured change in the concentration is not abrupt. However, the fact that 

the agreement between modelling and experimental values is rather good suggests that the 

mixing effect only plays a minimal role, justifying the “quasi-homogeneity” character of the 

HCCI combustion. The effect of the mixing can be evaluated when the kinetic mechanism is 

implemented in a 3D code, though. 

 

3.2 The profile of intermediary minor species during the combustion 

Figure 4 presents the comparison between the mechanism and the experiments for CO. Figure 

4 shows that the production and the consumption of CO are well predicted both qualitatively 
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and quantitatively, except for the maximum value of CO. The explanation could be that the 

maximum production of CO takes place at a short window of time. The gas sampling probe 

opens for a certain amount of time, during which the piston keeps moving. So the gas 

concentration that is measured is a mean value taken over that window of time. This window 

of time being larger than the time CO is at its maximum value, the real value cannot be 

measured by the experiments and the mean value is lower, as is presented in figure 4. 

Nonetheless, it appears that the moment at which CO’s experimental value is at its maximum 

coincides with the moment at which this is the case for the numerical value. A small 

discrepancy appears for the final value of CO. Where the mechanism predicts no CO at the 

end of the combustion, the experiments show a certain value. Due to the low temperature at 

the expansion stroke, which is typical for a HCCI combustion cycle, and the thermal 

exchanges with the wall, the reaction that converts CO to CO2 is quenched, leaving some CO 

in the exhaust. The mechanism does not take this into account and assumes complete 

combustion, converting eventually all the CO into CO2. Figure 8 presents a comparison of the 

experiments and the simulation by the surrogate mechanism of the concentrations of 

acetaldehyde and iso-butene. 

Figure 5 shows that the experimental profile of acetaldehyde and iso-butene have the same 

trend as the numerical profiles. The two-stage formation of acetaldehyde and iso-butene is 

clearly visible, indicating the NTC by an arrow in figure 5, after which total consumption 

follows. These experimental trends correspond well with the numerical ones, qualitatively 

speaking that is. Quantitatively, the agreement is good as well, except for the maximum 

concentrations of both the species. It can be seen, as was the case for CO in figure 4, that 

when the mechanism predicts a peak concentration of acetaldehyde and iso-butene, the 

experiments do not. The reason is the same as is explained for CO. The maximum 

concentration of acetaldehyde and iso-butene takes place at a relatively small time interval. 
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The gas sampling probe opens for a certain amount of time, during which the piston keeps 

moving. So the gas concentration that is measured is a mean value taken over that window of 

time. This window of time being larger than the time the two species are at their maximum 

value, the real value cannot be measured by the experiments and the mean value is lower, as is 

presented in figure 5. It appears, though that the moment at which the experimental 

concentration values of acetaldehyde and iso-butane are at their maximum coincides with the 

moment at which this is the case for the numerical value. Interestingly, the mechanism 

predicts, as the experiments, higher concentrations of iso-butene than acetaldehyde.  

 

3.3 Concluding remarks 

The results have shown that the kinetic mechanism predicts well the concentration profiles of 

the fuel, the total hydrocarbons, CO2 and O2. The concentration profiles of the intermediary 

species (acetaldehyde, iso-butene, CO) are predicted also well. The trends are represented 

correctly. However, the maximum quantitative value of these three species is underestimated. 

This could be caused by relatively large window in which the sampling probe opens. 

Knowing that the intermediary species are produced and consumed rapidly, this results into 

measuring a mean value instead of instantaneous values of the species’ concentration. The 

trends, though, are overall well represented. It should be noted that other small species, such 

as propene and ethene, were only qualitatively well predicted by the mechanism and are 

therefore not presented in this paper. The quantitative values were over predicted by the 

mechanism. However, these species have much smaller concentrations [43] than the ones 

presented in this paper and are thus of little importance for the products present in the 

emission. Therefore, the mechanism [21] is considered validated for the use of emission 

control, which is elucidated in the next section.  
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4 Application of an experimentally validated reduced kinetic mechanism  

Having validated the kinetic mechanism experimentally, an example will be shown in this 

section, explaining how the mechanism can be used for auto-ignition and emission control. 

Figures 6 to 8 present respectively the indicated efficiency with the hydrocarbon emission, the 

CO emission with the CO2 emission and the indicated efficiency with the final ignition delay. 

These results are obtained by the kinetic mechanism for an inlet temperature of 70°C with “60 

vol% n-heptane / 40 vol% iso-octane” as the fuel for several equivalence ratios and 

compression ratios. It is clear, from figure 6, that an acceptable indicated efficiency (30 %) is 

attained when the equivalence ratio is higher than about 0.3. Such an area is indicated by a 

gray area in figures 6 to 8 for the indicated efficiency, the emissions and the final ignition 

delay. It is not the objective to choose a particular equivalence ratio, but rather a range of 

equivalence ratios, where the indicated efficiency is as high as possible and the emissions of 

CO and the hydrocarbons as low as possible. The objective is to control the auto-ignition such 

that the indicated efficiency stays above 30 % and the emissions do not increase. The first 

question that could arise is which compression-ratio-range is suitable. A certain critical 

compression ratio (CCR) can be defined, which is needed for a fuel to burn in an engine 

cylinder. Furthermore, figure 6 shows that at higher equivalence ratios and compression 

ratios, the sensitivity of the emissions as a function of these two parameters is less. This can 

be seen by the slope of the iso-values. The optimum of the compression ratio, at an 

equivalence ratio of at least 0.3, is for “60 vol% n-heptane / 40 vol% iso-octane” between 9 

and 11.5. Figure 6 shows furthermore the competition between a high indicated efficiency and 

a low hydrocarbon emission. If one wants to lower the hydrocarbon emission to, for instance, 

1380 ppmv, the indicated efficiency would decrease. An optimum should be found. Figure 6 

is an example of how a kinetic mechanism could provide information in order to find such an 
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optimum. The same optimum should be found for the CO and CO2 emissions. Figure 7 shows 

that a lower CO2 emission results globally into a higher CO emission. Moreover, a lower CO2 

emission can be accomplished by lowering the equivalence ratio and the compression ratio, 

which could result into a lower engine power output. These three parameters are in 

competition with each other. The lower engine power output is also linked with the final 

ignition delay, presented in figure 8. It is thus clear that the indicated efficiency, the 

emissions, the ignition delay and the power output are all linked with each other. This means 

that auto-ignition control and emission control are also linked. The information provided in 

figures 6 to 8 can be used to illustrate an example of auto-ignition control and emission 

control in an HCCI engine. Say an HCCI engine is running at a final ignition delay of 179 

CAD at an equivalence ratio of 0.3 and a compression ratio of 9.2. Say, in order to attain a 

certain acceleration, the final ignition delay should be momentarily 172 CAD. Many options 

are available. Two are presented with a solid (case A) and a dashed (case B) arrow in figure 8. 

In case A the equivalence ratio and compression ratio are set to respectively 0.39 and 9.8. In 

case B the equivalence ratio and compression ratio are set to respectively 0.31 and 10.5. 

Figure 8 shows that this corresponds with a change in the indicated efficiency from 36 % to 

respectively 33 % (case A) and 32 % (case B). The same changes are indicated in figures 6 

and 7. It appears that in case A, the hydrocarbon emission goes from 2000 to 1480 ppmv and 

in case B, from 2000 to 1580 ppmv. In case A, the CO emission goes from 0.45 to 0.12 vol% 

and in case B from 0.45 to 0.18 vol%. In case A, the CO2 emission goes from 3.4 to 4.5 vol% 

and in case B from 3.4 to 3.8 vol%. Observing these results, it can be seen clearly, that the 

change of the equivalence ratio in case A in order to control the auto-ignition delay results 

into a higher indicated efficiency than in case B. Also, the hydrocarbon and CO emissions are 

lower in case B. However, the CO2 emission is higher in case A than in case B. This shows 

the outline of an emission control. It can be seen that it is complicated to satisfy all the 
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objectives concerning the auto-ignition and emission control. Nonetheless, a lot can be 

accomplished in this way and an optimum can be found. One of the solutions is to use a 

kinetic mechanism for this purpose. This is the final objective of this paper and an example of 

a possible outline has been presented. 

 

5 Conclusions 

In previous work, a surrogate mechanism is composed out of 62 reactions and 49 species, 

representing the auto-ignition of mixtures of n-heptane, iso-octane and toluene. There, the 

surrogate mechanism is validated numerically in a wide range of parameters adhering to 

HCCI initial conditions, involving low inlet temperatures and equivalence ratios.  

The kinetic mechanism is also validated experimentally against some important species’ 

concentration profiles. The results show a satisfactory quantitative agreement between the 

experimental and the modelling results, for the species CO2, O2, the fuel and the total 

hydrocarbons. The agreement is also quantitatively acceptable for the species CO, 

acetaldehyde and iso-butene, except for the maximum values that are higher in the case of the 

mechanism. The discrepancies are mainly due to the absence of aerodynamics, in the case of 

the modelling code, and due to the relation between the sampling procedure and the kinetics 

in the engine. Rapid kinetic changes are too difficult to be measured by the sampling device, 

due to the sampling time window that is necessary to collect enough volume. This excludes 

values of rapid changes in the species’ concentrations, leading to the measurement of mean 

values and relatively slower changes in the values. Nonetheless, the overall trends of all the 

species, as predicted by the kinetic mechanism, correspond rather well with the experiments. 

Moreover, the predicted profiles of the species that are abundant in the emission, such as CO2, 

O2 and the total hydrocarbons, correspond quantitatively well with those obtained from the 

experiments. Therefore, the reduced kinetic mechanism is considered to be validated 
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experimentally with respect to concentration’s profiles of some important intermediary 

species and end products. This experimental validation has been performed in order to use the 

kinetic mechanism for emission control. 

One of the applications of the kinetic mechanism has been shown by composing a contour 

map of the final ignition delays, the indicated efficiency and the emissions of hydrocarbons, 

CO and CO2 as functions of the equivalence ratio and the compression ratio, using a PRF40 

fuel. An example has been presented, showing how the kinetic mechanism proposes an 

outline of auto-ignition control and emission control, using the equivalence ratio and 

compression ratio as the parameters.  
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Figure captions 

Figure 1: Schematic representation of the experimental set-up [21,43] 

Figure 2: Concentration profile during the combustion of the fuel and the total hydrocarbons; 

experimental [43] by points and numerical by lines; inlet temperature of 70 
o
C, equivalence 

ratio of 0.4, compression ratio of 10.2 and PRF40 as the fuel 

Figure 3: Concentration profile during the combustion of CO2 and O2; experimental [43] by 

points and numerical by lines; inlet temperature of 70 
o
C, equivalence ratio of 0.4, 

compression ratio of 10.2 and PRF40 as the fuel 

Figure 4: Concentration profile during the combustion of CO; experimental [43] by points 

and numerical by lines; inlet temperature of 70 
o
C, equivalence ratio of 0.4, compression ratio 

of 10.2 and PRF40 as the fuel 

Figure 5: Concentration profile during the combustion of acetaldehyde and iso-butene; 

experimental [43] by points and numerical by lines; inlet temperature of 70 
o
C, equivalence 

ratio of 0.4, compression ratio of 10.2 and PRF40 as the fuel 

Figure 6: Iso-indicated efficiencies (left in %), hydrocarbon emissions (right in ppmv) as a 

function of the equivalence ratio and the compression ratio, for an inlet temperature of 70°C 

with “60 vol% n-heptane / 40 vol% iso-octane” as the fuel 

Figure 7: CO emissions (left in vol%) and CO2 emissions (right in vol%) as a function of the 

equivalence ratio and the compression ratio, for an inlet temperature of 70°C with “60 vol% 

n-heptane / 40 vol% iso-octane” as the fuel 

Figure 8: Iso-indicated efficiencies (left in %) and the final ignition delay (right in CAD) as a 

function of the equivalence ratio and the compression ratio, for an inlet temperature of 70°C 

with “60 vol% n-heptane / 40 vol% iso-octane” as the fuel 
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Figure 1: Schematic representation of the experimental set-up [21,43] 
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Figure 2: Concentration profile during the combustion of the fuel and the total hydrocarbons; 

experimental [43] by points and numerical by lines; inlet temperature of 70 
o
C, equivalence 

ratio of 0.4, compression ratio of 10.2 and PRF40 as the fuel 
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Figure 3: Concentration profile during the combustion of CO2 and O2; experimental [43] by 

points and numerical by lines; inlet temperature of 70 
o
C, equivalence ratio of 0.4, 

compression ratio of 10.2 and PRF40 as the fuel 
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Figure 4: Concentration profile during the combustion of CO; experimental [43] by points 

and numerical by lines; inlet temperature of 70 
o
C, equivalence ratio of 0.4, compression 

ratio of 10.2 and PRF40 as the fuel 
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Figure 5: Concentration profile during the combustion of acetaldehyde and iso-butene; 

experimental [43] by points and numerical by lines; inlet temperature of 70 
o
C, equivalence 

ratio of 0.4, compression ratio of 10.2 and PRF40 as the fuel 
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Figure 6: Iso-indicated efficiencies (left in %), hydrocarbon emissions (right in ppmv) as a 

function of the equivalence ratio and the compression ratio, for an inlet temperature of 70°C 

with “60 vol% n-heptane / 40 vol% iso-octane” as the fuel 
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Figure 7: CO emissions (left in vol%) and CO2 emissions (right in vol%) as a function of the 

equivalence ratio and the compression ratio, for an inlet temperature of 70°C with “60 vol% 

n-heptane / 40 vol% iso-octane” as the fuel 
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Figure 8: Iso-indicated efficiencies (left in %) and the final ignition delay (right in CAD) as a 

function of the equivalence ratio and the compression ratio, for an inlet temperature of 70°C 

with “60 vol% n-heptane / 40 vol% iso-octane” as the fuel 

 


