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Abstract: The demand for petroleum-derived gasoline in the transportation sector is on the rise. For better 

knowledge of gasoline combustion in practical combustion systems, this study presents experimental 

measurements and numerical prediction of autoignition temperatures and extinction limits of six FACE 

(fuels for advanced combustion engines) gasoline fuels in counterflow flames. Extinction limits were 

measured at atmospheric pressures while the experiments for autoignition temperatures were carried out 

at atmospheric and high pressures. For atmospheric pressure experiment, the fuel stream consists of the 

pre-vaporized fuel diluted with nitrogen, while a condensed fuel configuration is used for ignition 

experiment at higher chamber pressures. The oxidizer stream is pure air. Autoignition temperatures of the 

tested fuels are nearly the same at atmospheric pressure, while a huge difference is observed as the pressure 

is increased. Unlike the ignition temperatures at atmospheric pressures, minor difference exists in the 

extinction limits of the tested fuels. Simulations were carried out using a recently developed gasoline 

surrogate model. Both multi-component and n-heptane/iso-octane mixtures were used as surrogates for 

the simulations. Overall, the n-heptane/iso-octane surrogate mixtures are consistently more reactive as 

compared the multi-component surrogate mixtures. Transport weighted enthalpy and radical index 

analysis was used to explain the differences in extinction strain rates for the various fuels. 

 

Keywords: FACE Gasoline flames; autoignition; extinction; counterflow experiment 



1. Introduction 

Gasoline fuel consists of hundreds of different hydrocarbons and their compositions vary 

significantly with location. This makes it difficult to model and understand its autoignition behavior from 

first principles. Therefore, molecules with similar structures are often grouped together, and surrogates 

fuels are formulated to match the important target properties [1-4]. A number of target properties have 

been proposed for the development of surrogate fuel compositions.  

For example, primary reference fuel (PRF) mixtures of n-heptane and iso-octane based on research 

octane number (RON) have been widely used as a surrogate for gasoline to predict its autoignition 

behavior [5]. The early work of Ranzi et al. [6] suggested a number of target properties a surrogate fuel 

should possess, such as viscosity, octane number (ON), thermal stability and chemical classes. Dooley et 

al. [7] proposed hydrogen carbon ratio (H/C) as an important target property a surrogate should match. 

For gasoline fuels, Ahmed et al. [3], recommended H/C ratio, RON, distillation curve and density as the 

target properties a surrogate should have to replicate the ignition behavior of FACE (fuels for advanced 

combustion engines) gasolines.  

Various surrogate mixtures including toluene primary reference fuels (TPRFs) and multi-component 

surrogates have been proposed for FACE gasolines. [1-3, 8, 9]. These surrogates were used for simulation 

of ignition delay time and even species formation [10] from the oxidation of FACE gasoline surrogates. 

Table 1 shows the basic properties and compositions of the six FACE gasoline fuels used here.  

Table 1. Properties and compositions of FACE gasoline fuels [1-3, 9] 

 
FACE A FACE C FACE I FACE J FACE G FACE F 

RON 83.5 84.7 70.3 71.8 96.8 94.4 

MON 83.6 83.6 69.6 68.8 85.8 88.8 

Sensitivity -0.1 1.1 0.7 3 11 5.6 

Avg. mol. wt. 97.84 97.2 95.5 100.2 99.69 94.78 

n-paraffins, % 13.2 28.6 14 31.5 7.9 4.8 

iso-paraffins, % 83.7 65.1 70 32.4 38.3 61 



Cyclo-paraffins, % 2.4 1.5 4 2.4 14.1 15.8 

Aromatics, % 0.3 4.4 5 30.6 31.8 8.4 

Olefins, % 0.4 0.4 7 0.6 7.9 10 

 

The development of surrogate models that could be used to understand the autoignition properties 

of gasoline fuels rely on experimental data in idealized systems for validation. Such experimental data 

include ignition delay time data (IDT) [11], species distribution [12], ignition temperatures [13-15], flame 

propagation and extinction [16-18] among others. However, experimental data on ignition and extinction 

for FACE gasoline fuels is not available in the literature. Sarathy et al. [1] compared the IDT of PRF 84 

and two alkane-rich FACE A and FACE C (~84, s=0) gasoline fuels in the Shock Tube (ST) and Rapid 

Compression Machine (RCM). In a separate study, Sarathy et al. [2] studied the ignition characteristics of 

FACE F and FACE G gasoline fuels in the ST and RCM. All their results showed that at high temperatures, 

a PRF surrogate mixture can adequately reproduce the IDT of the tested fuels, while at low temperatures 

and negative temperature coefficient (NTC) region, a multicomponent surrogate blends better replicates 

the experimental IDT of the tested FACE gasolines. Javed et al. [9] used a laser-based method to measure 

the IDT and species profiles of FACE A and FACE C fuels and drew similar conclusions. These studies 

suggest that all FACE gasoline fuels show similar reactivity at high temperatures, and that PRF surrogates 

are good surrogate for IDT at high temperature combustion.  

However, the experiments mentioned above were performed in homogeneous systems where 

transport effects are negligible. In practical combustion systems, ignition takes place in the presence of 

temperature and concentration gradients, such that species diffusion can affect the progress of ignition 

kinetics, and hence, can contribute to ignition and extinction events [19-21]. For example, Egolfopoulos 

et al. [22] pointed out that in non-premixed systems, ignition temperatures of multi-component surrogates 

are sensitive to both diffusion and kinetics. The counterflow facility has been utilized to study ignition 

temperatures and extinction limits of gaseous [23, 24] and liquid [25] fuels. Those studies all show that 

the ignition temperatures of all n-alkanes and alcohols, with the exception methane, increase with an 



increase in the fuel molecular size. Relevant to the present work, Bieleveld et al. [26] conducted a study 

in the counterflow on two commercial gasoline fuels (ON 87 and 91). They found that the ignition 

temperatures and extinction limits of these fuels are nearly the same. However, their numerical work 

indicated that PRF mixtures based on ON is not sufficient criteria to reproduce ignition and extinction 

limits of gasoline fuels, and suggested the need for multicomponent compounds for surrogate fuel 

formulation.  

This study is aimed at employing the counterflow configuration to measure the ignition temperatures 

and extinction limits of FACE gasoline fuels at various strain rates and fuel loading. There is a need to 

see if the previously developed surrogate mixtures for FACE gasoline fuels developed in [1-3, 9, 27] work 

under non-homogeneous environments where gradients in temperature and species concentration are 

encountered. For comparison purposes, the results are simulated using the PRF and multicomponent 

surrogate mixtures. The ability of the recently developed FACE gasoline surrogate model [2] in 

reproducing atmospheric ignition and extinction events in the counterflow is evaluated.  

2. Experimental setup and procedure  

Experimental measurements were carried out using the counterflow diffusion flame facility at 

University of California, San Diego. Authors previously reported two configurations of the counterflow; 

the condensed fuel configuration and the facility that uses a vaporized fuel. Both facilities have been used 

previously for ignition extinction measurements involving liquid hydrocarbon fuels [13, 23, 28-31]. In the 

prevaporized fuel design, the fuel is first vaporized and then introduced into the counter-flow system, 

whereas in the condensed fuel configuration, a hot oxidizer flows over a vaporizing surface of a liquid 

fuel pool. In this study, the vaporized fuel configuration is employed for ignition and extinction 

experiments at atmospheric pressures, while the condensed fuel configuration was used for high-pressure 

ignition measurements.  



The schematic illustration of the facility used for atmospheric pressure experiment [14], i.e. the 

vaporized fuel configuration, is shown in Fig. S1. The burner consists of two-opposing ducts. The upper 

part of the burner has a high-temperature resistant ceramic tube directing hot air downward. The fuel 

stream consists of the vaporized fuel diluted with nitrogen. A flow-straightening mesh and Inconel screens 

are placed at a distant away from the outlet of the fuel duct and the oxidizer duct. The effective diameter 

of the oxidizer and fuel duct is 23 mm each. The upper and lower ducts are surrounded by concentric 

curtain-flow of nitrogen to isolate the flow-field from ambient surrounding. The two ducts are separated 

by a distance, L. Autoignition experiments were carried out at L = 14.5, while L = 12.5 mm was used for 

extinction experiments. The fuel temperature, density of the fuel stream, and the component of the fuel 

flow velocity normal to the stagnation plane at the exit of the fuel outlet are T1, ρ1, and V1, respectively. 

The oxidizer temperature, density and the oxidizer flow velocity normal to the stagnation plane at the exit 

of the oxidizer outlet are T2, ρ2, and V2, accordingly. All experiments were conducted assuming plug flow 

conditions, and also by keeping the momenta of the counterflowing streams equal i.e. ρVi2,i = 1,2. The 

strain rate, a, Eq. (1), is defined as the normal gradient of the normal component of the flow velocity, and 

this value changes from the exits of the fuel to oxidizer ducts respectively [29]. The assessment of the 

experimental strain rate in this study was performed in accordance with the procedure outlined in [29].  

Further details are provided in [14]. 

𝑎2 =  
2|𝑉2|

𝐿
(1 +

|𝑉1|√𝜌1

|𝑉2|√𝜌2
)         (1) 

Autoignition experiments were conducted at Xf,1 = 0.4 and T1 kept close to the boiling point of each 

fuel. At a particular strain rate a,2, the temperature of the oxidizer was slowly increased, allowing sufficient 

time for the system to reach steady-state, until autoignition takes place. When autoignition takes place, 

the data is recorded, the power to the heating element is reduced and the flame is extinguished. This 

procedure is repeated to verify each data point. The temperature of the air at the exit of the oxidizer duct 

just before autoignition occurred, T2, was measured using a custom made bare wire R-type (Pt 13% Rh/Pt) 



with a wire diameter of 0.005 mm. The measured temperatures are corrected for radiative heat loss of the 

thermocouple wire. The flow rates of the two counterflowing streams were continuously adjusted based 

on their temperature to ensure a balanced momentum.  

Extinction experiments were carried out at T2 = 298 K, and T1 kept close to the fuels boiling point. 

At a given fuel mass fraction Yf,1, a stable flame is formed. The strain rate is increased slowly to ensure 

steady state conditions are reached for every increment of strain rate until the flame extinguishes. The 

process is repeated to verify each data point. The accuracy of the measurement of the oxidizer temperature 

at autoignition was determined to be ±20 K. The experimental repeatability of the recorded temperature 

of air at autoignition was ±7 K. The accuracies of the strain rate and fuel mass fraction were 5% and 3% 

of the recorded values, respectively. The experimental repeatability of the reported strain rate at extinction 

was 3% of the recorded value.  

Figure S2 of the supplementary material shows a schematic illustration of the configuration used 

for measurements of ignition temperature at high pressure (i.e. the condensed fuel configuration) [28]. In 

the experiment, a steady laminar stagnation-point flow of the hot oxidizer is directed on to a vaporizing 

liquid pool. The reactive flow field is described by the velocity of the oxidizer at the exit of the plane, V2, 

the oxidizer stream temperature, T2, the separation distance between the surface of the liquid pool and the 

outlet of the oxidizer duct, L, the chamber pressure, p, and the oxygen mass fraction in the oxidizer stream, 

YO2;2.  

The burner is placed inside a stainless steel chamber with four optical accesses. The pressure inside 

the chamber is kept constant using a PID-control system. The facility is monitored and recorded with 

digital pressure transducers that have an accuracy of ±0.0007 MPa. An automatic ignition system was 

used to always establish a flame in the reaction zone. The ignition system consists of two surface igniters, 

which are attached on a mechanical arm that can be rotated into the reaction zone using a stepper motor. 

Similar to the vaporized fuel configuration, oxidizer stream and inert gasses are supplied through gas 



bottles and the flow rates are controlled using the mass flow controllers. A syringe pump was used to 

supply fuel to the fuel cup. The liquid fuel is injected into the cup through a pipe that has a hole at the top 

for a thermocouple probe. A screen made up of stainless steel is positioned above the thermocouple and 

outlet of the pipe to enable mixing in the pool and to avoid any velocity or radial temperature gradients in 

the liquid fuel.  

A high-definition camera system is used to observe the liquid pool. This gives a visual feedback of 

the liquid-gas interface level that can be compared to the level desired, as chosen by a reference needle of 

fixed height in the cup. Using a reference needle in the cup ensures an accurate monitoring and control of 

the level through optical ways. A minor dimple is seen on the surface of the liquid pool when the right 

height is achieved. A large dimple indicates that the height is low, whereas its complete absence means 

the level is high. A remote control station is used to adjust and maintain the fuel feed rate. Using this 

approach, the fuel mass burning rates could be determined by recording the fuel feed rate that is required 

to maintain the fuel cup level under steady state burning conditions. Details of the experimental burners 

and procedures have been reported previously [26, 28, 30]. 

3. Numerical procedure 

The FACE gasoline surrogates model by Sarathy et al. [2] was utilized for simulations. The detailed 

model is too large and was reduced to skeletal model with less number of species. The model was reduced 

using the method of direct relation graph with expert knowledge (DRG-X) [32]. The DRG-X method 

assumes that some species are not strongly coupled to others during combustion processes, and as such, 

they can be removed from the mechanism without impeding the fidelity of the model. Additional 

advantage of the DRG-X method is that it allows a controlled reduction error for heat release rate and 

other species of interest. In this study, the detailed mechanism is reduced by specifying an error tolerance 

for heat release as 0.01, for H and OH radicals was 0.1, and all the other remaining surrogate components 

0.3. The default tolerance error for other species was 0.4. The model was reduced for high temperatures 



and at atmospheric pressures. Both lean and rich equivalence ratios were targeted for the reduction. A 

skeletal mechanism with 343 species was generated from the detailed mechanism. The skeletal model is 

included in the supplementary material.  

Table S1 show the compositions of multicomponent and PRF surrogate mixtures [1-3, 27] used for 

the numerical modeling. Ignition simulations were carried out using the OPPDIF solver in CHEMKIN 

PRO [33]. A temperature profile was first established with cold mixtures at fuel and oxidizer sides, then 

the temperature of the oxidizer, T2 were slowly raised until ignition is observed. The composition of the 

reactants and the temperature of the fuel stream, T1, were kept constant while carrying out this process 

[34]. The simulations were performed with thermal diffusion, mixture-averaged transport and 

convergence parameters of GRAD and CURV = 0.1. For extinction simulations, the extinction solver in 

CHEMKIN-PRO was employed. The solver uses an arc length continuation method to generate the S-

curve [33]. At first, a stable flame was established using the OPPDIF code at conditions close to extinction, 

and then the solution is restarted in the extinction solver. A 2-point extinction method with 1000 steps was 

used. Convergence factors GRAD and CURV = 0.2 were used to control the maximum gradients and 

curvatures allowed between grid points.  

4. Results and discussions 

4.1 Ignition temperature measurements and simulation at atmospheric pressure 

Figure 1 presents all the experimental results of oxidizer stream temperature at autoignition as a 

function of strain rate. Figure 2 shows the experimental and simulated results for each fuel. The results 

showed that a higher oxidizer temperature was required to achieve autoignition when the strain rate 

increased. This is because; at the higher flow rates, the ignition kernel experiences a loss of heat and 

radicals, making higher temperatures necessary for autoignition. Similar to previous ST ignition studies 

[1, 2, 9], there is not much difference in the ignition temperatures of the tested fuels at high temperatures. 

FACE J appears to be more reactive at low strain rate because of its low octane rating while FACE F with 



higher RON seems to be less reactive, however there is no clear trend between ON and atmospheric-

pressure counterflow ignition.  
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Figure 1. Experimental measurement of air temperature at autoignition, T2,1 as a function of strain rate, 

a2. Error bars represent the uncertainties in ignition temperature measurements  

As described in the previous section, the FACE gasoline surrogate model by Sarathy et al. [2] was 

reduced with DRG-X and used for atmospheric pressure simulations. For a better comparison, both 

multicomponent surrogates and PRF mixtures are employed. The compositions of the mixtures are 

summarized in Table S1. The simulated autoignition temperatures of the six FACE gasoline fuels are 

presented in Fig. 2. Overall, the model agreed well with experimental data, using both surrogate mixtures. 

However, FACE J data is over-predicted by the multi-component surrogate at low strain rates. In all 

simulated results, higher oxidizer temperatures are required to achieve ignition for the multiple component 

mixtures, indicating that the PRF surrogate is more reactive than the multi-component surrogate. This 

trend is not surprising, as the PRF’s has higher percentage of n-heptane as compared to the 

multicomponent surrogate (see Table S1). n-Heptane is more reactive and populates the smaller radical 

pool faster than iso-octane (and aromatics and naphzzhenes in the multi-component surrogates), which 

ignites the fuel even at relatively lower oxidizer temperatures [30, 31]. Also, for FACE F fuel at a low 

strain rate region, the autoignition temperature predicted by the PRF model is slightly higher than the 

multi-component surrogate model. Looking closely at table S1, FACE F_PRF has 6.3% n-heptane, while 

FACE F_multi component has 6.9% n-butane and other mono-methylated alkanes. So, this small 



difference at low strain rates, where transport and chemistry are important, could be the result of the higher 

n-butane fraction. 
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Figure 2. Oxidizer temperatures at autoignition as a function of strain rate, a2 in the counterflow 

diffusion flame. Symbols represent experimental data, lines represent modeling predictions. 

4.2 Ignition temperature measurements at high-pressure 

Figure 3 presents the ignition temperature measurements at variable chamber pressures. The 

experimental results show that higher oxidizer temperatures are required to achieve autoignition at lower 

pressures. Unlike the results on atmospheric pressure, the graph shows that differences between the 

ignition temperatures of the tested fuels increase as the chamber pressure is raised. For example, at 5atm, 

the reactivity increases in the following order: FACE J > FACE I > FACE C > FACE F ≈ FACE G > 

FACE A. An analysis was carried out to see the combine effect of the RON values of all the tested fuels 

as well as their average molecular weight as a function of their autoignition temperatures at Pressure = 

5atm. The result is presented in Fig. S3. As could be seen on graph S3, the RON plays a big role in the 

reactivity of the tested fuels at high pressures. It is not surprising that FACE J and FACE I gasoline fuels 

with low RON values and higher n-paraffinic content requires lower temperatures for ignition, while 



FACE G and FACE F with high RON values and lowest percentage of n-paraffins ignites at higher 

oxidizer temperatures.  
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Figure 3. Experimental measurement of air temperature at autoignition, T2,1 as a function of chamber 

pressure. 

4.3 Extinction measurements and simulation at atmospheric pressure 

The experimental data for extinction limits of the tested fuels is plotted and compared in Fig. 4. 

Figure 5 shows the experimental data together with simulations for each fuel. The extinction limits of 

FACE G are consistently lower at all fuel concentrations. FACE G is highly aromatic with less percentage 

of n-paraffins, and has a high average molecular weight; therefore it produces fewer active radicals and 

has lower diffusivity towards the reaction zone. FACE I has the highest extinction limits. Research octane 

number and molecular weight of the tested fuels both combine to their extinction limits. As seen in Fig. 

S4, FACE I has low RON value and low average molecular weight, meaning that the fuel can populate 

more active radicals and diffuse across the stagnation plane at a faster rate to sustain the flame. The 

extinction limits of the remaining fuels are nearly the same and reflect a combined influence of both RON 

and average molecular weight. 
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Figure 4. Mass fraction of fuel as a function of strain rate at extinction, a2,E in the counterflow diffusion 

flame. Error bars represent the expected uncertainty in fuels mass fraction and extinction strain rates. 

Figure 5 shows the simulated and the measured extinction strain rates of the individual fuels at 

different fuel mass fractions. Overall, the multi-component surrogates predicted experimental data on all 

the tested fuel with the exception of FACE G. FACE G fuel has a high amount of 1,2,4-trimethylbenzene. 

This component has not been extensively studied in fundamental experiments so there is larger uncertainty 

in its detailed and reduced kinetic models. Similar to the simulated result on ignition temperature at 

atmospheric pressure, using PRF surrogates shows higher extinction limit thereby indicating higher 

reactivity of the PRFs.  
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Figure 5. The mass fraction of fuel as a function of strain rate at extinction, a2,E in the counterflow 

diffusion flame. Symbols represent experimental data, lines represent modeling predictions. 

Won et al. [15] introduced the term transport weighted enthalpy (TWE) and the radical index (Ri) 

concepts as way to understand the kinetic contribution of any hydrocarbon fuel to diffusion flame 

extinction. The TWE is defined as a product of fuel concentration, heat of combustion (Hc), and inverse 

of the square root of the ratio of fuel molecular weight to nitrogen molecular weight (MWfuel/MWN2)-1/2 

[15]. The enthalpy of combustion determines the maximum temperature of the flame, which in turn 

directly affects the rate of fuel oxidation, while the molecular weight of a fuel relates to the fuel mass 

transport. The use of this expression enables normalization of the molecular transport and thermal 

contribution towards diffusion flame extinction. Therefore, the difference in reactivity of fuels can be 

determined by plotting extinction strain rates against the transport-weighted enthalpy [7, 15]. The Radical 

Index, (Ri), can be used to quantitatively describe the kinetic role of fuel chemistry, based on the ability 

of a particular fuel to produce H or OH radical concentrations in a flame relative to a normal alkane [15, 

34]. The TWE and Ri are based on the premise that the rates of heat release in the reaction zones are 

highly sensitive to diffusivities of fuel, OH and H radicals. Thus, flame quenching is less likely in fuels 

that produce more of these radicals.  

The Ri of a multicomponent surrogate mixture depends on the sum of the radical indexes of the 

individual fuel components scaled to their mole fractions in the mixture [7, 15]. In this study, simulations 

were carried out at fixed TWE  (1.505), and strain rate  (203 s-1) to calculate RiOH. The enthalpy of 

combustion and the average molecular weight of all the surrogate mixtures were calculated from that of 

their respective components. The radical indexes of multi component surrogate for FACE A, C, G, F, I 

and J were calculated to be 0.93, 0.90, 0.86, 0.89, 0.94 and 0.92 respectively. The radical indexes of PRF 

surrogate of FACE A, C, G, F, I and J are 0.979, 0.979, 0.975, 0.976, 0.983 and 0.982 respectively. This 

trend based on the ability to populate small OH radicals clearly shows why the PRFs are more reactive 



than the multi-component surrogate mixtures as seen in Fig. 5.  The trends also obviously explain why 

FACE gasoline G (Ri 0.86) has the lowest extinction limit on Fig. 4, while FACE I (Ri 0.94) has the 

highest. It follows that by plotting the extinction strain rate of the fuels against their TWE and radical 

indexes, a linear fitting could be observed on Fig. 6; indicating the appropriateness of using the TWE and 

Ri concepts to understand the kinetic contribution towards extinction limits in diffusion flames based on 

Won et al. scaling analyses.  
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Figure 6. General correlations of extinction strain rates as a function of the product of transport 

weighted enthalpy and radical index. Opened symbols represents multi-component surrogates, while 

closed symbols are corresponding PRF mixtures 

Conclusion  

Experiments were conducted to investigate the autoignition temperatures and extinction strain rates 

of six FACE gasoline fuels. Similar to previous studies in homogeneous systems, the ignition temperatures 

of the tested FACE gasoline fuels in transport-affected environment were nearly the same at atmospheric 

pressure. Unlike the results on atmospheric pressure, the graph shows that differences between the ignition 

temperatures of the tested fuels increase as the chamber pressure is raised. At 5atm, the highly paraffinic 

FACE J and FACE I are more reactive, while FACE G and FACE F with low percentage of n-paraffins 

ignites at higher oxidizer temperatures, reflecting the role of their octane numbers in lowering their 

reactivity. For extinction measurements, result shows that FACE I with low octane index has the highest 

extinction limit while FACE G with high RON extinguishes easily. The remaining fuels have almost 



similar extinction limits and that reflect the combined effects of both RON and their average molecular 

weights. Numerical simulations were also carried out using Sarathy et al. FACE gasoline model [2], to 

assess the ability of multi-component surrogates and PRF mixtures in reproducing the atmospheric 

ignition temperatures and extinction limits of FACE gasoline fuels in diffusive systems. Overall, the PRF 

surrogate mixtures are consistently more reactive as compared the multi-component surrogate mixtures.  

Transport weighted enthalpy and radical index analysis was used to rationalize the transport and kinetic 

contributions to extinction strain rates for the various gasolines. 
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Figure Caption 

(Color figures in electronic version only) 

Figure 1. Oxidizer temperatures at autoignition as a function of strain rate, a2 in the counterflow diffusion 

flame. Symbols represent experimental data, lines represent modeling predictions. 

Figure 2. Experimental measurement of air temperature at autoignition, T2,1 as a function of strain rate, 

a2. Error bars represent the uncertainties in ignition temperature measurements  

Figure 3. Experimental measurement of air temperature at autoignition, T2,1 as a function of chamber 

pressure. 

Figure 4. Mass fraction of fuel as a function of strain rate at extinction, a2,E in the counterflow diffusion 

flame. Error bars represent the expected uncertainty in fuels mass fraction and extinction strain rates. 

Figure 5. The mass fraction of fuel as a function of strain rate at extinction, a2,E in the counterflow 

diffusion flame. Symbols represent experimental data, lines represent modeling predictions. 

Figure 6. General correlations of extinction strain rates as a function of the product of transport weighted 

enthalpy and radical index. Opened symbols represents multi-component surrogates while closed symbols 

are corresponding PRF mixtures 



Table 1. Properties and compositions of FACE gasoline fuels 

Supplement Material 

Figure S1. Schematic diagram of the Counterflow setup used atmospheric pressure experiment 

Figure S2. Schematic diagram of the Counterflow setup used for high-pressure experiment. Vs and Vxs 

are the velocities on the gas side of the liquid-gas interference and at the oxidizer boundary respectively. 

Ts and T2 are the temperatures at the liquid-gas interface and at the oxidizer-boundary, respectively 

Figure S3. Comparison of Research of octane number (RON) and average molecular weight of the FACE 

Gasoline fuels as a function of their autoignition temperatures at Pressure = 5atm. Closed symbols 

represent RON, while opened symbols represents average molecular weights.   

Figure S4. Comparison of the effect of research of octane number vs. average molecular weight of the 

FACE gasoline fuels as a function of their extinction strain rate Yf = 0.4 

Table S1. Mole percentages of components in each multi-component and PRF surrogate 
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