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Abstract
Primary Reference Fuels (PRFs) - binary mixtures of n-heptane and 
iso-octane based on Research Octane Number (RON) - are popular 
gasoline surrogates for modeling combustion in spark ignition 
engines. The use of these two component surrogates to represent real 
gasoline fuels for simulations of HCCI/PCCI engines needs further 
consideration, as the mode of combustion is very different in these 
engines (i.e. the combustion process is mainly controlled by the 
reactivity of the fuel).

This study presents an experimental evaluation of PRF surrogates for 
four real gasoline fuels termed FACE (Fuels for Advanced 
Combustion Engines) A, C, I, and J in a motored CFR (Cooperative 
Fuels Research) engine. This approach enables the surrogate mixtures 
to be evaluated purely from a chemical kinetic perspective. The 
gasoline fuels considered in this study have very low sensitivities, S 
(RON-MON), and also exhibit two-stage ignition behavior. The first 
stage heat release, which is termed Low Temperature Heat Release 
(LTHR), controls the combustion phasing in this operating mode. As 
a result, the performance of the PRF surrogates was evaluated by its 
ability to mimic the low temperature chemical reactivity of the real 
gasoline fuels. This was achieved by comparing the LTHR from the 
engine pressure histories. The PRF surrogates were able to 
consistently reproduce the amount of LTHR, closely match the 
phasing of LTHR, and the compression ratio for the start of hot 
ignition of the real gasoline fuels. This suggests that the octane 
quality of a surrogate fuel is a good indicator of the fuel’s reactivity 
across low (LTC), negative temperature coefficient (NTC), and high 
temperature chemical (HTC) reactivity regimes.

Introduction
The development of internal combustion engines that offer higher 
efficiency without compromising on emission standards has been an 
area of intense research. Low Temperature Combustion engines have 
received widespread interest in this regard [1, 2, 3, 4, 5, 6, 7, 8, 9, 
10]. Many strategies have been explored and concepts such as 
Homogeneous Charge Compression Ignition (HCCI), Pre-mixed 
Charged Compression Ignition (PCCI) and Reactivity Controlled 
Compression Ignition (RCCI) engines have received attention over 
the last two decades. There are many challenges to their use in 
automotive vehicles, with the most important being the control of the 
combustion phasing and operation of the engine at high loads [1,2] .

Gasoline fuels with two-stage ignition behavior are well suited for 
use in Low Temperature Combustion engines [6,10]. These fuels 
exhibit low octane sensitivities (the difference between Research 
Octane Number (RON) and Motor Octane Number (MON) discussed 
in detail later) due to their pronounced NTC behavior. They also 
exhibit low temperature heat release (LTHR), which in turn 
influences the hot ignition and hence the combustion phasing. The 
LTHR of the fuel/air mixture depends on the equivalence ratio, 
temperature-pressure history of the mixture, composition and 
concentration of the residual gas (EGR), fuel/air mixture 
homogeneity, engine wall temperatures, along with any fuel charge 
cooling effects [2,4]. The ability to control any of the above 
parameters enables the control of combustion phasing. The cost of 
producing fuels that exhibit two stage ignition is also likely to be 
cheaper, since octane enhancing components (e.g. aromatics, 
alkylates and oxygenates) are required in lesser quantities.
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Computational simulations are essential for gaining insights into the 
influence of these physical parameters on fuel oxidation and 
autoignition behavior, without the need for exhaustive experiments. 
This can accelerate the development of new engine-fuel concepts. 
The use of simulations also provides access to information that 
cannot readily be measured through experiments, such as the 
in-cylinder temperature distribution, and the mechanisms through 
which instability and subsequent misfires occur [11]. The accuracy of 
such predictions is however dependent on the ability chemical kinetic 
models to replicate the actual behavior of the fuel. The task of 
developing chemical kinetic models of real gasoline fuels, which are 
made of hundreds of different hydrocarbon species, is impossible at 
present [12]. Surrogate compositions made of few chemical species 
that emulate certain characteristics of the real gasoline fuel have 
therefore been used for modeling.

A range of different target properties have been suggested for 
formulating surrogate fuel compositions. Nonetheless, the properties 
themselves must be assigned keeping the end applications in mind 
[13]. Pitz et al. [14] suggested that for HCCI engines, the crank angle 
at which 50% of the fuel is burned (CA50) would be an important 
target since the work output of the engine was particularly sensitive 
to this parameter. These authors also point out (based on the work of 
Dec and Sjöberg [4]) that CA10 would be a more appropriate target 
since it is easier to predict with present chemical kinetic mechanisms 
and simple engine models. Ranzi [13] also suggested a number of 
physical and chemical properties that surrogate fuels should match, 
including liquid-gas equilibrium, viscosity, thermal stability, chemical 
classes, octane number, etc. For jet fuels, Dooley et al. [15] 
recommended the hydrogen-to-carbon ratio (H/C) ratio as an 
important property since it ensures the regulation of enthalpy of 
reaction, which influences the adiabatic flame temperature and other 
flame behavior. The properties identified as relevant to gasoline fuels 
in Ahmed et al. [16] were the H/C ratio, density, compositional 
characteristics considering both carbon class (paraffin, iso-paraffin, 
olefins, naphthenes, and aromatics), and carbon type (primary, 
secondary, and tertiary), distillation curve, and research octane 
number (RON). Compositions with varied number of species and 
models with different levels of complexity have been formulated 
based on the criterion stated above for simulating gasoline 
combustion [12,16, 17, 18, 19, 20, 21, 22, 23, 24].

Primary Reference Fuel (PRF) based on the Research Octane Number 
(RON) of a fuel is one of the widely adopted surrogate for historical 
reasons, and an extensive effort has been made over the years for the 
development of its chemical kinetic model [25, 26, 27, 28, 29]. PRF 
based on RON is representative of the fuel’s auto-ignition behavior at 
one specified test condition [30] and may or may not match the other 
target parameters stated earlier. The operating regimes of modern 
gasoline and HCCI engines are quite different from the RON 
measurement conditions, and hence the behavior of PRF usually 
varies from that of the gasoline. The use of surrogates that match the 
fuel’s Octane Index (OI = RON - KS) would be more appropriate for 
simulating its autoignition behavior [31]. Sensitivity (S), is the 
difference between the RON and the Motor Octane Number (MON). 
K is an empirical constant independent of the fuel and dependent on 
the engine operating condition [32]. However, for gasoline fuels with 
zero sensitivity (S = RON - MON = 0) there is no a priori reason to 
assume that PRF would exhibit different oxidation and auto-ignition 
behavior at any engine condition. Motor Octane Number (MON) 

stated above is the measurement of knocking quality of a fuel when 
the intake air temperature and operating speed of the engine is greater 
than that of RON [33].The timing of spark, unlike the RON test, is 
variable.

Sarathy et al. [24] recently compared the ignition delay times (IDT) 
of PRF 84, and two low sensitivity full boiling range gasoline fuels 
with RONs of 84 (FACE A and FACE C) in low and high pressure 
shock tubes (LPST and HPST), as well as a rapid compression 
machine (RCM). The operating temperatures of these devices were 
complimentary to each other with small overlaps. This allowed for 
the comparison of IDTs across temperatures where ignition is 
controlled LTC (630K -740 K), NTC (740 K - 900 K) and HTC 
(>900 K) reactions. The ignition delay times were identical for 
temperatures above 740 K, which covered the NTC and HTC regions. 
The authors observed deviations at lower temperatures ranging from 
630 K to 740K, which corresponds to the region where the ignition is 
driven by LTC reactions. The FACE gasoline fuels were consistently 
less reactive than PRF 84. Measured and simulated pressure traces of 
PRF 84, FACE A, and FACE C in air at 658 K, 20 bar, and 
equivalence ratio (∅) of 1 in a RCM is presented in Fig. 1 
(reproduced with permission from Sarathy et al. [24]). The variation 
of IDT in this region was attributed, with the help detailed kinetic 
models, to the differences in ignition controlling reactions between 
PRF 84 and the FACE fuels. FACE A, and C were modelled using 5, 
and 6 component surrogate mixtures arrived at using a number of 
target properties.

Figure 1. (Reproduced with permission from Sarathy et al. [24])Experimental 
(bold) and simulated (thin) pressure traces of PRF 84, FACE A, and FACE C 
in a RCM

The objective of this study is to experimentally investigate and verify 
if the differences in the low temperature oxidation pathways between 
PRFs and FACE gasoline fuels have significantly impact the ability 
of PRF surrogate mixtures to replicate FACE A and FACE C’s 
behavior under engine-like conditions. The study was also extended 
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to two more FACE gasoline fuels, FACE I and FACE J, as they also 
exhibit very little sensitivity and have RONs that are similar to that of 
straight-run naphtha; a potential fuel HCCI/PCCI applications [34].

Experimental Setup
The low temperature reactivity of the FACE gasoline fuels and their 
PRF surrogates were evaluated based on the calculated gross LTHR 
using pressure data and measured carbon monoxide concentrations 
from a motoring Cooperative Research Fuels (CFR) engine. The 
standard engine can be operated at variable compression ratios (CRs) 
ranging from 4 to 16 with a resolution of 0.1. This approach can be 
used to replicate a variable volume reactor, as observed elsewhere in 
the literature. For example, Sahetchian et al. studied the oxidation of 
n-butane and n-heptane in motored CFR engine. Leppard also used a 
similar technique to study the oxidation and auto-ignition chemistry 
of several hydrocarbons. Similarly, Yang et al. used this technique to 
examine the oxidation chemistry of cycloalkanes, while Zhang et al. 
used it for the study of auto-ignition n-heptane/C7 esters and 
nheptane/1-butanol binary mixtures [35, 36, 37, 38, 39, 40, 41, 42]. 
The schematic and the operating conditions of the CFR engine are 
presented in Fig. 1 and Table 1, respectively.

The carburetor in the standard CFR engine was replaced with a 
port-injection system. The intake air was chilled (11± 2 °C) and the 
flow was measured by an Elster mass flow meter. After this point, the 
air was re-heated to the desired temperature. The fuel was injected 
into the hot air stream at 5 bar, which enabled the immediate 
vaporization and rapid mixing that is required to produce a 
reasonably homogeneous fuel/air mixture inside the cylinder. The 
engine was operated at a constant speed of 600 rpm without any 
boosting and at ∅ = 0.5 (lambda = 2). A Bosch Universal Exhaust 
Gas Oxygen (UEGO) sensor positioned in the exhaust was used to 
determine the equivalence ratio. The compression ratio was initially 
increased to the point where auto-ignition occurred in order to set the 
required equivalence ratio by adjusting the injection pulse width.

The compression ratio of the engine was then decreased to the point 
where no low temperature reactivity was observed. This was 
established based on the carbon monoxide (CO) concentration in the 
exhaust using an AVL SESAM i60 Fourier Transform Infrared 
spectrometer (FTIR). The compression ratio was then increased in 
small increments to the point just before auto-ignition. The FTIR 
measures multiple gas phase components of the exhaust at a 
frequency 1 Hz with a spectral resolution of 0.5 cm-1 and response 
time of 1 second in real time operation.

The in-cylinder pressure at each point was recorded with an AVL GH 
14 D pressure transducer with a resolution of 0.1 crank angle degrees 
(°CA). The top dead center (TDC) position at the end of compression 
is taken to be 0° CA. The pressure data used for computing LTHR 
was averaged over 100 cycles and further smoothed by computing 
moving averages of 5 points. The gross heat release rate (HRR) was 
computed using a simple first law as presented in Eq. 1.

(1)

 is the heat release rate per crank angle degree, P is the in cylinder 
pressure, V is the instantaneous volume, and γ is the ratio of specific 
heats is a function of temperature. Cp for air was calculated from 
NASA polynomials [43]. The net heat release rate, which includes 
heat loss to the wall, was avoided for the sake of simplicity. Its 
inclusion would not have significant effect on the comparison as most 
heat transfer correlations for an engine operating under same 
conditions is exclusively dependent on the cylinder pressure and bulk 
gas temperature [44]. Thus, the heat lost to the wall would be 
proportional to gross heat release rate. The temperature used for 
computing Cpand subsequently γ was calculated from the smoothed 
pressure data using ideal gas law. The dependence of Cp on 
temperature is presented in Eq. 2.

Figure 2. Schematic of the modified CFR engine
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The operation of the CFR engine is this mode allowed us to evaluate 
the relative LTC, NTC, and HTC of the fuels without the differences 
in their physical properties affecting the comparison. The lack of 
intake air boosting does not allow us to evaluate the pressure 
dependence on reactivity of different fuel mixtures.

Table 1. Engine specifications and operating conditions

Fuels
The fuels tested in this study are full boiling gasoline fuels referred to 
as FACE A, C, I, and J, along with their RON based PRF surrogates. 
The FACE gasoline fuels were designed by the Coordinating 
Research

Table 2. Properties of FACE Fuels

Council, Inc. [44] and supplied by Conoco Philips Chemical 
company. The octane numbers and select physical properties of the 
FACE fuels are presented in Tables 2. PRF 84 was used as the 
surrogate for FACE A, and C while PRF 70 was used for FACE I, and 
J. The detailed physical and chemical analysis of FACE gasoline 
fuels are available in Ref [44]. FACE A, C, and I are highly paraffinic 
while FACE J contains about 32% aromatics by mass. All the fuels 
exhibit very little sensitivity, which is due to the high paraffinic 
nature of the FACE A, C and I, thereby leading to a pronounced NTC 

region [36]. Although FACE J has a high aromatic content, which 
usually leads to high sensitivities, the relative composition of 
n-paraffins to iso-paraffins is quite different for the other three fuels.

The higher concentration of straight chain paraffins compensates for 
the lack of NTC chemistry associated with aromatics. The higher 
aromatic content FACE J also has a predictable effect on its 
distillation curve and its final boiling point, which is much greater 
than the others fuels. The density of FACE J follows the same trend, 
while heat of combustion and API gravity is lower than other fuels

Ignition Delay Time Simulations
Ignition delay times for PRF 82, PRF 84, PRF 86, along with binary 
mixtures of butane (69.90 mol.%) and pentane (30.10 mol. %), and 
isopentane (72.87 mol. %) and pentane (27.13 mol. %) in air at ∅ = 
0.5 were simulated in a homogenous constant volume batch reactor 
using CHEMKINPRO [46] for pressures of 20 and 50 bar and 
temperatures of 650 K to 1250 K. The IDT of PRFs were simulated 
using the gasoline surrogate mechanism from Lawrence Livermore 
National Lab (LLNL) [19] and mixtures of C4 and C5 species using a 
well validated pentane mechanism by Bugler et al. [47]. The 
thermochemistry and the rates of reactions involving iso-octane were 
updated using the new rules provided in Bugler et al.[47].

Experimental Results

Reactivity Regimes
CO concentrations measured in the exhaust for FACE fuels and their 
respective PRF surrogates are presented as a function of compression 
ratio in Fig. 3.a and Fig. 3.b. The start of low temperature reactivity 
an be identified by the presence of CO in the exhaust. The CO 
concentrations presented are averages of 20 data points. The increase 
in CO concentration with increasing compression ratio signals an 
increase in the low temperature reactivity. The low temperature 
reactivity starts at CR 5.5 for FACE A, C, and PRF 84. The start of 
reactivity occurs much earlier at CR 5, as expected for FACE I, J, and 
PRF 70. Further increases in the compression ratio beyond CR 6.5 for 
the former three and CR 6 for the later three does not significantly 
enhance the reactivity rapidly. The plateauing of the CO profile 
indicates that the temperature in the combustion chamber as well as 
the heat released from fuel oxidation pushes the fuel/air mixture from 
the LTC region into the NTC region of reactivity, but the 
temperatures and pressures at these compression ratios are not high 
enough for the fuel/air mixtures to move into HTC. The chemistry 
that gives rise to NTC region is reasonably well established [36]. This 
region is more pronounced for FACE A, C, and PRF 84 as expected 
due to their higher RON. The reactivity then again rises as further 
increase in compression ratio helps the fuel/air mixture overcome the 
NTC region transition into the HTC region as the CO concentration 
begins to increase again. The HTC reactivity subsequently becomes 
large enough, leading to ignition as seen by the drop in CO 
concentration (which is converted to CO2). However, in both cases 
there is a small variation at the start of hot ignition. FACE A’s 
auto-ignition occurs CR 0.1 later than FACE C and PRF 84, while 
PRF 70’s auto-ignition occurs 0.1 later than FACE I, and J. This 
might be due to the high sensitivity of LTHR, which controls 
auto-ignition, to the operating conditions and the inevitable variations 
of the test conditions
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Figure 3.a. CO concentrations measured at different CR of FACE A, C, and 
PRF 84. The rise, plateau, and the fall of CO indicate the low temperature, 
negative temperature coefficient and high temperature reactivity regimes.

Figure 3.b. CO concentrations measured at different CR for FACE I, J, and 
PRF 70

Figure 3.c presents the CO profiles of PRF 70 measured on three 
different days. The compression ratio for the start of hot ignition is 
different on each day and deviates by 0.1°CA. This suggests that the 
PRF surrogates reproduce the quanta of LTHR of gasoline fuels 
within variability limits. The CO profile does not indicate the phasing 
of the LTHR, which is vital as one would like to have surrogates that 
undergo LTC, NTC and HTC for the same temperatures and pressure 
as the real gasoline fuel.

PRF surrogates demonstrate the same reactivity as their respective 
FACE fuels at all compression ratios. They also capture the 
transitions of reactivity regimes quite accurately. The actual quantity 
of CO present in the exhaust signifies the amount of low temperature 
heat release, which is quite similar for all the fuels as equal amounts 
of fuel carbon is converted to products.

Phasing of LTHR
The computed LTHR of PRF 70 is presented in Fig. 4. The amount of 
LTHR increases with increasing compression ratio. The start of the 
low temperature reactivity also advances to an earlier point in the 
cycle as the temperature and pressure conditions for LTC occurs 
earlier in the cycle. The increasing temperature and pressure leads the 
fuel/air mixture in to NTC region of reactivity, thereby suppressing 
further heat release. At the lower compression, ratios the temperatures 
and pressures do not get high enough for the reactivity to transcend 
into the HTC region. The hot ignition finally occurs at CR 8.2 as the 
end gas temperature and pressure is high enough for the combustible 
mixture to overcome the NTC region and finally undergo auto-
ignition. The heat release associated with the hot ignition is quite 
rapid due to the nature of HCCI combustion mode.

Figure 3.c. CO profiles of PRF 70 measured on three days. Start of Hot 
Ignition varies each day

Figure 4. Computed Heat Release Rate of PRF 70 from engine pressure data
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As stated previously, the phasing of the LTHR is quite important in 
verifying whether the gasoline fuel and its surrogate have the same 
temperature and pressure distribution within their reactivity regimes. 
The phasing was evaluated from the normalized cumulative LTHR 
obtained by dividing the cumulative LTHR at each point by the total 
cumulative LTHR. Figure 5 presents the normalized cumulative 
LTHR of PRF 70 at CR 6.6. The crank angle at which 50% of the 
LTHR is released, CA50, is utilized as the comparison parameter.

The phasing of the LTHR of FACE gasoline fuels and their PRF 
surrogates are presented in Fig. 6.a and Fig. 6.b in the form of CA50 
at different compression ratios. PRF surrogates have slightly 
advanced phasing than their respective FACE fuels, and this 
difference is consistent at all compression ratios. This may arise due 
to the presence of a greater amount of n-heptane in the PRFs than the 
FACE gasoline fuels, which exhibits its low temperature chemistry 
(LTC) at slightly lower temperatures.

Figure 5. Normalized Cumulative Low Temperature Heat and the point 
indicating CA50 of PRF 70 at CR 6.6

Figure 6.a. CA50 of LTHR FACE A, C, and PRF 84 at different compression 
ratios

The deviation in the LTC ignition elucidated in Sarathy et al.[24] 
does not seem to affect the ability of the PRF surrogates to replicate 
oxidation behavior, and the LTHR of the gasoline fuels with the same 
octane quality in an engine. This is due to the reduced amount of time 
spent by the fuel/air mixture at temperatures where the greatest 
differences in reactivity was exhibited in the ignition delay 
experiments. The LTC in the CFR engine experiments occurs at 
temperatures higher than 800 K for FACE A, C and PRF 84. Figure 6. 
demonstrates this via the bulk gas temperature at two different 
compression ratios for FACE A. The CA50 of the LTHR at these 
compression ratios is marked. Temperatures during which LTHR 
occurs is closely matched and around 850 K. There were no 
discrepancies in the IDT observed at these temperatures by Sarathy et 
al. [24].

Figure 6.b. CA50 of LTHR ACE I, J, along with PRF 70 at different 
compression ratios

Figure 7. Bulk Gas Temperatures of FACE A at two compression ratios. The 
lines indicate the CA50 of the LTHR and the respective temperatures
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Possibility of Surrogate Mixtures with Lower 
Molecular Weight Components
The comparisons above revealed that the use of PRF surrogates based 
on RON appears to be adequate for reproducing low temperature gas 
phase reactivity of gasoline fuels with very small sensitivity. Indeed, 
if octane quality is a sufficient indicator of gas phase reactivity across 
the LTC, NTC and HTC regimes, then the possibility of using 
surrogate mixtures made of lower molecular weight hydrocarbons 
such as C1-C4 - alkanes, olefins, and alcohols which match the RON 
and MON would be attractive, since the uncertainty in the chemical 
kinetic mechanism as well as computational time can be reduced (due 
to the fewer number of species and reactions in the mechanism). 
These surrogates, if found to have the same reactivity of gasoline 
fuels with the same octane quality, could replace more complex PRF 
and TRF surrogates (ternary mixtures of n-heptane, iso-octane, and 
toluene).

The ignition delay simulations of two such surrogates with RON of 
84 along with PRF 84 from 600K to 1250 K in air, at pressures of 20, 
and 50 bar are presented in Fig. 8.a, and b. Surrogate 1 is a binary 
mixture of n-butane (69.90 mol.%) and n-pentane (30.10 mol. %) 
while Surrogate 2 consists of n-pentane (72.87 mol. %) and 
2-methylbutane (27.13 mol. %). The RON of the mixtures was 
computed by linear-bymole blending as suggested in Ref. [28]. The 
RON of butane, npentane and 2-methylbutane were taken to be 93.6, 
61.7, and 92.3, respectively [48,49]. These chemical species were 
chosen due to their small sensitivities which makes them suitable for 
the FACE fuels discussed in this work. Hydrocarbons with even 
fewer carbon atoms exhibit large sensitivities as they do not exhibit 
NTC behavior and would be suitable for gasoline fuels with higher 
RON and sensitivities. The IDT simulations of PRF 82, and PRF 86 
are also presented in the figures in order to identify the extent of 
deviation between PRF 84 and the new surrogate mixtures.

The discrepancies between PRFs is minor at low temperatures, and 
almost non-existent at higher temperatures. The temperature regimes 
of LTC, NTC and HTC are closely matched. Surrogates 1 and 2 are 
less reactive than even PRF 86 at temperatures corresponding to the 
region where low temperature chain branching chemistry drives 
reactivity. The onset of NTC and HTC is at a much greater 
temperature for these lower molecular weight surrogates. However, 
they are more reactive in the NTC, and less reactive in the HTC 
region.

The surrogates with lower molecular weight components do not 
match the reactivity of PRF 84 but the differences in IDT are within a 
factor of 2. The actual RON of the mixtures might be different from 
that obtained from linear molar blending leading to the observed 
discrepancies. The RON of these mixtures should therefore be 
experimentally determined. The effect of equivalence ratio might be 
another factor for the variations observed, since the RON and MON 
tests are typically conducted at slightly rich mixture conditions (∅>1) 
[50], while HCCI/PCCI combustion exclusively operates with excess 
oxygen inside the cylinder. The uncertainty in the predictions of the 
kinetic models might be another contributing factor.

The chemistry of surrogates with lower molecular weight components 
is markedly different from those of PRFs with similar RONs. 
Nonetheless, these surrogates show potential for simulating the gas 
phase reactivity of low sensitivity gasoline fuels, since several factors 
other than differences in chemical kinetics could have given rise to 
the parities observed as discussed. However, further experimental 
investigations are required to address these uncertainties. The 
performance of these surrogates could be investigated with a similar 
experimental technique discussed in this work. The influence of 
varying equivalence ratio and intake air pressures also require further 
investigation. The effect of recirculation (EGR) could be included to 
increase the confidence in the surrogate mixtures for use in HCCI/
PCCI engine simulations as most strategies for their operation include 
its use.

Figure 8.a. Ignition Delay Time simulations for new surrogates and PRFs at 
20 bar

Figure 8.b. Ignition Delay Time simulations for new surrogates and PRFs at 
50 bar
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Summary/Conclusions 
• The use of RON as a basis for choosing surrogates for 

simulation of gas phase kinetics, especially for gasoline fuels 
with low sensitivities, appears adequate for the experimental 
conditions tested. The quanta and phasing of low temperature 
heat release, as well as the onset of hot ignition of the complex 
gasoline fuels was well reproduced by PRF surrogates. By 
extension, the OI could be a sufficient criterion for surrogate 
formulation for gasoline fuels with different RONs and MONs. 
However, the use of surrogates formulated based on the above 
criterion for combustion simulations involving complex 
physical phenomenon such as spray, mixing and diffusion 
requires further investigation before these recommendations can 
be made with confidence. 

• The possibility of adopting RON based surrogates for gas 
phase simulations with lower molecular weight hydrocarbon 
molecules also requires further investigation. Such surrogates 
would reduce computational time as well as uncertainty within 
the kinetic model, since the rate parameters are easier to 
determine for such molecules.
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