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Abstract 17 

Predictive simulations of realistic combustion engines commonly employ surrogate fuels 18 

consisting of a small number of pure components to represent the targeted real fuels in terms of 19 

their physical and chemical kinetic characteristics. In this paper, a systematic procedure to develop 20 

a physical surrogate of multicomponent real fuels which matches the heating and evaporation of a 21 

fuel droplet is described. A one-dimensional heating and evaporation model is used to select the 22 

surrogate components of a multicomponent fuel. Components with similar evaporation behavior 23 

are grouped and represented by the component with the highest initial mass fraction in the detailed 24 

composition of fuel. This systematic procedure is applied to light naphtha (LN) to develop two 25 

possible surrogates of three and five components, which are compared to previously developed 26 

chemical surrogates. The new surrogates also target matching the hydrogen-to-carbon (H/C) ratio 27 

and research octane number (RON). The heating and evaporation model, referred to as effective 28 

thermal conductivity/effective diffusivity (ETC/ED) model, is based on the analytical solutions of 29 

heat conduction and species diffusion equations inside a liquid droplet, and accounts for finite 30 

thermal conductivity, mass diffusivity and recirculation inside the droplet. The model is then 31 

implemented into CONVERGE software to predict the behavior of the developed surrogates in 32 

sprays, as an improvement over the widely used infinite thermal conductivity/infinite diffusivity 33 

(ITC/ID) model. The predicted spray penetration lengths for the developed surrogates show good 34 

agreement with the experimental data for light naphtha at ambient conditions. At engine-like 35 

conditions, the ETC/ED model predicts higher vapor mass than the ITC/ID model, hence showing 36 

the expected trend by incorporating the realistic droplet heating process.  37 

Keywords: Droplet evaporation, multicomponent, surrogates, naphtha, effective diffusivity model 38 
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1. Introduction 39 

Commercial fuels are mixtures of various hydrocarbon components. To accurately predict their 40 

behavior in realistic combustion engines at a reasonable computational cost, it is essential to derive 41 

surrogate fuels consisting of small number of components to represent the physical and chemical 42 

characteristics of the targeted fuels [1]. The targeted thermo-physical properties under consideration 43 

include density, thermal conductivity, viscosity and distillation curves [2, 3], while the targeted 44 

chemical properties include hydrogen-to-carbon (H/C) ratio, carbon types, research/motor octane 45 

number (RON/MON), soot formation tendencies, flame speed and ignition delay times [4]. 46 

Recently, Ra and Reitz [5] have described a physical surrogate group chemistry representation 47 

(PSGCR) in which physical surrogate components were selected to reproduce distillation profiles, 48 

specific gravity, lower heating value and H/C ratio with the chemical kinetics following two levels 49 

of oxidation pathways. 50 

While high octane gasolines can enable more efficient future spark ignition (SI) engines, low 51 

octane gasoline-like fuels might be preferable in compression ignition (CI) engines. Compared to 52 

commercial gasoline and diesel fuels, blends of various refinery streams with low octane numbers 53 

(RON) in the range of  50–80 have recently been considered attractive alternatives to provide 54 

suitable chemical characteristics (longer ignition delay than diesel) in GCI engines at lower 55 

production cost and well-to-tank CO2 emissions. Hao et al. [6] found that compared with the 56 

conventional pathway, the low-octane gasoline compression ignition (GCI) pathway leads to a 57 

24.6% reduction in energy consumption and a 22.8% reduction in GHG emissions. The research 58 

group in Saudi Aramco extensively investigated the combustion of various fuels in GCI engines 59 

[7-15].  60 
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Recent computational studies[8, 9, 11] examined the use of LN in gasoline compression ignition 61 

(GCI) engines. Such predictive models need to describe the correct evaporation and combustion 62 

behavior of LN fuels under these new engine conditions. Traditional fuel surrogates to represent 63 

real fuels include the primary reference fuel (PRF), a mixture of iso-octane and n-heptane, based 64 

mainly on chemical consideration [16]. Javed et al. [17] measured the ignition delay times of LN, 65 

its formulated PRF and multicomponent surrogates at a wide range of pressures, temperatures and 66 

equivalence ratios. It was found that PRF is a good surrogate to predict auto-ignition behavior at 67 

intermediate and high temperatures, but a different multicomponent surrogate is required to match 68 

the ignition delay times at low temperatures. Furthermore, Naser et al.[18] undertook engine 69 

experiments on both PRF and LN then compared it with numerical simulations. They reported that 70 

physical properties of a surrogate are more decisive of the nature of combustion in partially 71 

premixed combustion (PPC) engines especially at late injection timings. Hence, for accurate 72 

prediction of engine combustion for a wide range of injection timing, correct description of the 73 

physical evaporation behavior is critical. It would be desirable for the surrogate fuel to match both 74 

physical and chemical target properties simultaneously.    75 

The most commonly used heating and evaporation model, employed in commercial CFD 76 

packages like ANSYS Fluent [19] and CONVERGE [20], is the infinite thermal 77 

conductivity/infinite diffusivity (ITC/ID) model. This model assumes uniform temperature and 78 

species distributions inside droplet. Such a simplified model contradicts the direct measurements 79 

of temperature distribution inside droplet[21],[22]. For improved accuracy, Sazhin et al. [23] 80 

developed a systematic approach to match the molecular weight, H/C ratio, RON, as well as the 81 

evaporation characteristics, by accounting for finite thermal conductivity, finite mass diffusivity 82 

and recirculation inside droplet. The approach is referred to as the effective thermal conductivity 83 
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and effective diffusivity (ETC/ED) model. This model is considered a good compromise between 84 

accuracy and computational efficiency [24], and was implemented into KIVA CFD code by 85 

Abdelghaffar et al,[25] showing good agreement in the prediction of the liquid spray penetration 86 

length against the experimental data. This model was also implemented into ANSYS Fluent and 87 

the results were presented by Rybdylova et al. [26, 27]  88 

The objective of the present study is therefore to develop a combined physical and chemical 89 

surrogate for LN fuel for GCI engine applications with various injection timings. Subsequently, 90 

the improved surrogate along with the ETC/ED evaporation model is then implemented into 91 

CONVERGE for spray simulations. The results are validated against experimental measurements, 92 

demonstrating that the developed physical surrogates for LN accurately capture the key spray 93 

characteristics. 94 

2. Light naphtha composition and its surrogates 95 

The detailed hydrocarbon analysis showed that the LN fuel under consideration consists of 96 

53.3% n-paraffins, 36.7% iso-paraffins, 1.29% aromatics, 6.63% naphthenes, and 1.74% of 97 

unidentified species. The unidentified percentage was redistributed to the other hydrocarbon 98 

groups via normalization. A total of 15 unique species were measured in the LN sample and their 99 

physical properties are inferred from [28-30] as shown in Table 1.  As a conventional chemistry-100 

based surrogate, PRF65 consisting of 65.2% iso-octane and 34.8% n-heptane by mass, which 101 

matches the RON of LN, is adopted as a reference surrogate for comparison.  102 

Three surrogates are proposed in this study to predict the evaporation characteristics of the LN 103 

fuel. Two surrogates were developed by reducing the 15 components of LN (measured from DHA) 104 

to mixtures comprising five and three components, referred to as Surr1 and Surr2, respectively. 105 
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These two surrogates were developed as an attempt to improve the heating and evaporation 106 

behavior. The detailed procedure is discussed in Section 3.  107 

An additional surrogate (Surr3), consisting of five components, was formulated following the 108 

approach of Ahmed et al. [2] using RON correlations from Ghosh et al.[31] This methodology 109 

formulates the surrogate mixture by minimizing an objective function for the target properties of 110 

LN, specifically H/C ratio, carbon types, density, RON, molecular mass and distillation profile. 111 

The distillation curve of LN was measured following the ASTM-D86 [32]. The advanced 112 

distillation curve (ADC) was calculated for the surrogate fuel using the approach introduced by 113 

Ahmed et al. [2] Table 2 summarizes the compositions of the three surrogates developed in this 114 

study. 115 

3. Heating and evaporation of single droplet 116 

3.1. Model description 117 

The heating and evaporation model follows the framework described in Sazhin et al. [23], which 118 

accounts for the internal heat and mass transfer within the finite size droplet which is in relative 119 

motion with the ambient air [33]. It is based on the analytical solutions of the transient heat and 120 

species diffusion in one-dimensional spherically symmetric equations: 121 
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where 𝑇 = 𝑇(𝑟, 𝑡) is the temperature; 𝛼𝑙 =
𝑘𝑙

𝑐𝑙𝜌𝑙
 is the liquid thermal diffusivity, 𝑘𝑙, 𝑐𝑙 and 𝜌𝑙 are 123 

the liquid thermal conductivity, specific heat and density, respectively; 𝑟 is the radial distance from 124 

the centre of the spherical droplet; 𝑡 is time, 𝑌𝑙𝑖 = 𝑌𝑙𝑖(𝑟, 𝑡) is the mass fraction of species 𝑖; 𝐷𝑙 is 125 

the liquid mass diffusivity calculated using the Wilke-Chang approximation[34]. The thermo-126 

physical properties of individual components of LN and different surrogates were taken from 127 

previous studies[28-30]. The properties of the mixture were calculated following the mixing 128 
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rules[35, 36]. The effect of droplet on the ambient air was ignored. To account for the recirculation 129 

inside the liquid droplet, the thermal/mass diffusivities were replaced by the effective thermal/mass 130 

diffusivity, and the total mass evaporation rate of the droplet was calculated based on the approach 131 

of Abramzon and Sirignano [37]. The approach is referred to as the ETC/ED model. 132 

3.2. Surrogate Formulation Procedure 133 

Starting with a total of 15 components to be considered (shown in Table 1), the temporal 134 

evolution of liquid mass fractions of all components was monitored as shown in Figure 1. 135 

Subsequently, components with similar evaporation behavior are grouped as shown in Figure 1(a-136 

e) and represented by the component with the highest initial mass fraction in the LN. The initial 137 

droplet temperature and radius were taken to be 10 µm and 300 K, respectively, as suggested by 138 

Elwardany et al. [3] The droplet velocity was assumed to be constant at 10 m/s. The ambient air 139 

pressure and temperature were set at 0.3 MPa and 450 K, respectively. For example, components 140 

1 and 3 have the same evaporation behavior and were represented by component 1. Similarly, 141 

components 2, 8 and 14 were replaced by component 2; components 4-7 and 13 by component 6; 142 

components 9-11 by component 10; and components 12 and 15 by component 15. The resulting 143 

calculated RON for this surrogate was found to be 56.9, which is approximately 12% lower than 144 

that of LN. The RON was calculated based on the non-linear-by-mole approach by Ghosh et al. 145 

[31] To further improve the RON prediction, components 4-7 and 13 was then replaced by 146 

component 5 (2,3-dimethylbutane) as it has higher RON (100.3) than this of component 6 (2-147 

methylpentane, RON = 73.4). The molecular mass and H/C ratio of 2-methylpentane and 2,3-148 

dimethylbutane are identical. The resulting surrogate is referred to as Surr1 as shown in Table 2.  149 

Figure 1(f) shows the temporal evolution of mass fractions of the five components in Surr1. 150 

Based on the observation of additional similarities in the behavior, a further reduction in the 151 
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number of components was done by merging cyclohexane with n-hexane. Furthermore, 152 

considering that the mass fraction of 2-methylhexane is less than 1%, it was merged with one of 153 

the dominant components in the surrogate. Thus a new three components surrogate was formed, 154 

referred to as Surr2 as shown in Table 2. 155 

3.3. Results of single droplet evaporation 156 

Using the ETC/ED model, the predicted droplet surface temperatures and radii evolutions for 157 

detailed LN, PRF65 and Surr1-3 are shown in Figure 2. The initial droplet temperature and radius 158 

were taken to be 10 µm and 300 K, respectively, as suggested by Elwardany et al. [3] The droplet 159 

velocity was assumed to be constant at 10 m/s. The ambient air pressure and temperature were 0.3 160 

MPa and 450 K, respectively. Figure 2 shows that the PRF65 surrogate overpredicts the droplet 161 

lifetime by approximately 20%. This is attributed to the existence of iso-octane, with its higher 162 

heat of vaporization than that of n-heptane which is equivalent to the heaviest component in LN. 163 

The predicted droplet surface temperatures for PRF droplets are also significantly higher than that 164 

of LN. Among the three surrogates, Surr3 overpredicts the droplet lifetime by approximately 7% 165 

while the difference in the predicted surface temperatures exceeds 10% during the evaporation 166 

time. The lower rate of surface temperature increase predicted by Surr3 at the early heating period 167 

is attributed to the higher contents of lighter components (n-pentane and iso-pentane) compared to 168 

LN. After the initial period, the droplet surface temperature of Surr3 increases rapidly, exceeding 169 

the values for LN.  Such differences in the surface temperature prediction may significantly affect 170 

the droplet surface tension and the droplet break-up behavior. 171 

The inaccurate predictions by both PRF65 and Surr3 motivated the development of alternative 172 

physical surrogates, Surr1 and Surr2. While matching many other target properties such as 173 

molecular mass, H/C ratio and RON, the reduction in the number of components from the original 174 
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LN is now based on replacing the components with the same evaporation characteristics by the 175 

representative components. 176 

3.4. Distillation characteristics 177 

Since Surr3 was developed mainly based on the distillation characteristics of the LN fuel, it is 178 

worthwhile to compare the distillation curves predicted by the three surrogates. Figure 3 shows a 179 

comparison of the distillation curve predictions using Surr1-3, compared with the measurements 180 

for the LN. While none of the three surrogates perfectly captures the measured LN distillation 181 

curves, it is found that Surr1 and Surr2 actually show a slightly better agreement than Surr3. In 182 

terms of the largest and average deviations from the measured data, 3.0% and 2.1% for Surr1, 183 

4.4% and 2.0% for Surr2, and 4.1% and 3.1% for Surr3. 184 

Finally, the calculated molecular weight, H/C ratio and RON for PRF65 and Surr1-3 are 185 

summarized in Table 3 along with the values for LN. The RON was calculated based on the non-186 

linear-by-mole approach by Ghosh et al. [31] The relative percentage error was also calculated. 187 

Note that the molecular weight of the PRF65 is approximately 39% higher than that of LN, which 188 

is expected to affect the vapor diffusivity [38], while the H/C ratio of PRF65 is 2.59% lower than 189 

that of LN which has an impact on flame speed [38]. The maximum deviation for the values of 190 

molecular weight, H/C ratio and RON of Surr1-3 from those of LN is less than 3%. 191 

4. The spray prediction 192 

Spray model and experiments 193 

In this section, the developed physical surrogates for the LN fuel are tested in spray conditions 194 

with the spray experimental data by Wang et al. [39] The numerical simulations of the outwardly-195 

opening hollow-cone spray were conducted using CONVERGE [20]. The Lagrangian discrete 196 

parcel method, where parcels (groups of identical droplets) of liquid are injected into the gas phase 197 
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computational domain, was used here. The RANS-based renormalization group (RNG) k-ε 198 

turbulence model was utilized, and the effect of the turbulent flow on liquid spray drops was 199 

modelled using the O’Rourke turbulent dispersion model[40] by accounting fluctuating velocities. 200 

The modified Kelvin-Helmholtz and Rayleigh-Taylor (KH-RT) breakup model[41] was used 201 

without an ad hoc breakup length. Furthermore, the dynamic drag model and no-time-counter 202 

(NTC) collision method[42] were utilized with inclusion of Post collision regimes for better 203 

accuracy. For a solid cone spray, injection velocities and droplet sizes can be computed from mass 204 

flow rate and nozzle diameter directly. In an outwardly-opening hollow-cone injector, however, 205 

the area and the shape of nozzle exit vary with the needle lift and need to be described carefully. 206 

Details of the injection model can be found in Sim et al. [43] 207 

     For heating and evaporation of liquid spray, two models were tested. The first model was the 208 

ITC/ID model that assumes uniform temperature and species distribution inside the droplet. It is 209 

based on the assumption of uniform temperature inside droplets. In this model, the lumped 210 

temperature was solved via two ordinary differential equations through the energy balance at the 211 

droplet surface by Amsden et al. [44] Droplets were assumed to be homogenously mixed so that 212 

the species distribution is uniform (infinite diffusivity of liquid). This model is simpler than the 213 

ETC/ED model that was used to derive the surrogates in this paper. The ITC/ID model misses the 214 

fact that spray droplets has higher surface temperatures than average ones and inhomogeneous 215 

mass fractions of liquid spray components especially at large droplet radii. Hence, the ETC/ED 216 

model was implemented as an improved approach via user-defined functions into CONVERGE 217 

CFD package to relax the assumption of no temperature/species gradients inside fuel droplet. 218 

A common target property for the spray behavior is the spray penetration length. Experimentally, 219 

the LN was injected at fuel injection pressure of 100 bar and the chamber pressure and temperature 220 
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are 1 bar and 298 K, respectively [39]. Numerically, the liquid spray is injected into quiescent air 221 

in a cylindrical constant volume chamber with a diameter of 150 mm and a height of 106.5 mm. 222 

Five levels of adaptive mesh refinement (AMR) were implemented with the minimum cell size of 223 

0.125 mm for computational efficiency and accuracy. The injection actuation duration was 0.30 224 

ms, and the injection started after 0.012 ms with the injection duration of 0.36 ms including 225 

opening (0.02 ms) and closing (0.06 ms) transient periods according to the experimental data [9, 226 

43]. Spray penetration length was measured along axial direction from the tip of the nozzle to the 227 

point where 90% of spray mass is covered. 228 

The results using ETC/ED models reveal that the predicted penetration length for all considered 229 

surrogates agreed well with the experimental data for LN as shown in Figure 4. The predicted 230 

penetration lengths by Surr1-3 are closer to measured values than that predicted by PRF65. Figure 231 

5 further shows the comparison of the spray penetration length with PRF65 and Surr1, comparing 232 

the differences between the ITC/ID and ETC/ED models. At this low temperature condition, while 233 

there are small differences associated with the choice of the evaporation models, the differences 234 

in the physical and chemical properties are found to be larger.  235 

The predicted total vapor mass for Surr1 by the ITC/ID and ETC/ED models are shown in Figure 236 

6 for the same conditions as in Figure 4. Two additional cases were also tested with gas pressures 237 

and temperatures of 3 bar at 450 K and 20 bar at 650 K. These were selected to represent HCCI 238 

and gasoline compression ignition (GCI) conditions, respectively. It is shown that ITC/ID model 239 

predicted lower total vapor mass than ETC/ED model for all three cases. This is attributed to the 240 

fact that ETC/ED model allows the heat conduction to the droplet to be used to evaporate a thin 241 

outer layer close to the surface, while the ITC model requires the entire droplet to be heated before 242 

evaporation. Hence, the ETC model predicts higher surface temperatures and therefore enhanced 243 
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evaporation and breakup processes. The difference in vapor mass between the ITC/ID and 244 

ETC/ED models is much more pronounced than the difference in spray penetration length shown 245 

in Figure 5. This is reasonable since the liquid droplet as it travels through a medium is influenced 246 

by two main forces: inertial and drag forces.  When ETC/ED is compared to ITC/ID, the liquid 247 

mass is lower as time progresses which in turn decreases the inertial force. On the other hand, the 248 

overall frontal area of liquid droplets is less in ETC/ED, decreasing the drag force acting on it. 249 

These two effects offset each other, such that the penetration length of the spray shows only a 250 

small difference using the two evaporation models. 251 

The ITC/ID model consistently predicts a lower fuel vapor mass than ETC/ED model at 252 

intermediate temperatures. However, the difference decreases with an increase in the ambient air 253 

temperature. This highlights the importance of using the ETC/ED model in simulations of sprays 254 

in HCCI and gasoline compression ignition (GCI) engine-conditions, for which the start of 255 

injection (SOI) varies widely depending on the load and speed conditions. 256 

Figure 7 shows the vapor masses of different components in Surr1 at ambient conditions of 650 257 

K and 20 bar. This case was chosen as the differences in predicted total vapor mass by the ETC/ED 258 

and ITC/ID models are small, as shown in Figure 6. Nevertheless, the ITC/ID predicted about 14% 259 

more vapor mass of n-pentane during the first 0.8 ms, while for the remaining heavier components, 260 

it predicted less vapor mass than ETC/ED. This difference is large enough to affect the prediction 261 

of the start of combustion in engines, and attests to the importance of using the ETC/ED model for 262 

predicting spray evaporation behavior for CAI engine conditions. 263 

 264 

5. Concluding Remarks 265 
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The present study presented a comprehensive modeling framework in developing unified 266 

physical and chemical surrogates to represent real fuels for IC engine applications. A light naphtha 267 

fuel, which is of practical interest in modern compression ignition engines, was targeted for the 268 

two surrogate formulations. The employed ETC/ED model was able to formulate three and five 269 

components surrogates with accurate prediction of a single droplet evaporation characteristics of 270 

the LN. Unlike the previous hybrid surrogate approaches, the new surrogates developed in this 271 

study account for components at matched H/C and RON in order to describe the chemical behavior 272 

of the fuel accurately.  273 

The ETC/ED model was then implemented into CONVERGE software. The performance of the 274 

surrogates in describing a realistic hollow-cone nozzle spray was tested by simulations compared 275 

with experimental measurements. The predicted spray penetration length shows a good agreement 276 

with the experimental data at atmospheric conditions, with improved predictions over the 277 

conventional PRF65 fuel. Therefore, it was demonstrated that the developed surrogate fuels can 278 

adequately capture the physical and chemical characteristics of the real LN fuels. 279 

A comparison of predictions of the two evaporation models for Surr1 at conditions that represent 280 

HCCI and CAI engine was also presented. The ETC/ED model was shown to predict higher total 281 

vapor mass than that predicted by the ITC/ID model. The individual vapor mass of components in 282 

Surr1 were shown at CAI conditions to demonstrate that even at high ambient temperature, where 283 

ETC/ED and ITC/ID predictions of total vapor mass were close, predictions of vapor mass 284 

fractions of individual components will be different between the two models. The performance of 285 

the new surrogates is expected to be better in actual engine combustion conditions as the 286 

evaporation characteristics play a more significant role.  287 

 288 
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Table captions 410 

Table 1. Molecular weight, boiling and critical temperatures of light naphtha components. 411 

Table 2. Mass fractions for components of the new surrogates. 412 

Table 3. Molecular weight, H/C ratio and RON for LN and Surr1-3 along with relative errors. 413 

Figure captions 414 

Figure 1. Temporal evolution of various liquid mass fractions at the droplet surface for 415 

components of LN at initial droplet temperature of 300 K and radius of 10 µm. The gas pressure 416 

and temperature are constant at 3 bar and 450 K. The relative velocity between droplet and ambient 417 

gas is constant at 10 m/s. 418 

Figure 2. Temporal evolution of a single droplet surface temperature and radius predicted by the 419 

ETC/ED model for the targeted light naphtha and four different surrogates. The initial droplet 420 

temperature and radius are 300 K and 10 µm, respectively. The gas pressure and temperature are 421 

constant at 3 bar and 450 K. The relative velocity between droplet and ambient gas is constant at 422 

10 m/s. 423 

Figure 3. Comparison of distillation profile of LN (measured) and Surr1-3 (computed). 424 

Figure 4. The measured spray axial penetration length and predicted lengths for PRF 65 and Surr1-425 

3 using ETC/ED model. 426 

Figure 5. The predicted penetration lengths for PRF 65 and Surr1 using both ETC/ED and ITC/ID 427 

models. 428 

Figure 6. Comparison of simulated vapor mass history for Surr1 with ETC/ED and ITC/ID 429 

evaporation models. 430 

Figure 7. Vapor mass history of individual components of surr1 at 650 K and 20 bar condition. 431 
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 441 

Figure 1. Temporal evolution of various liquid mass fractions at the droplet surface for 442 

components of LN at initial droplet temperature of 300 K and radius of 10 µm. The gas pressure 443 

and temperature are constant at 3 bar and 450 K. The relative velocity between droplet and ambient 444 

gas is constant at 10 m/s. 445 
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 449 

Figure 2. Temporal evolution of a single droplet surface temperature and radius predicted by the 450 

ETC/ED model for the targeted light naphtha and four different surrogates. The initial droplet 451 

temperature and radius are 300 K and 10 µm, respectively. The gas pressure and temperature are 452 

constant at 3 bar and 450 K. The relative velocity between droplet and ambient gas is constant at 453 

10 m/s. 454 
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Figure 3. Comparison of distillation profile of LN (measured) and Surr1-3 (computed). 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 



 21 

 473 

Figure 4. The measured spray axial penetration length and predicted lengths for PRF 65 and Surr1-474 

3 using ETC/ED model. 475 
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 485 

Figure 5. The predicted penetration lengths for PRF 65 and Surr1 using both ETC/ED and ITC/ID 486 

models.  487 
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 498 

Figure 6. Comparison of simulated vapor mass history for Surr1 with ETC/ED and ITC/ID 499 

evaporation models. 500 
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 511 

Figure 7. Vapor mass history of individual components of surr1 at 650 K and 20 bar condition. 512 
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Table 1. Molecular weight, boiling and critical temperatures of light naphtha components. 527 

ID Name Formula M [kg/kmol] Tb [K] Tcr [K] 

1 n-pentane C5H12 72.0 309.22 469.70 

2 n-hexane C6H14 86.0 341.88 507.60 

3 iso-pentane C5H12 72.0 300.99 460.40 

4 2,2-dimethylbutane C6H14 86.0 322.88 489.00 

5 2,3-dimethylbutane C6H14 86.0 331.13 500.00 

6 2- methylpentane C6H14 86.0 333.41 497.70 

7 3-methylpentane C6H14 86.0 336.42 504.43 

8 2,4-dimethylpentane C7H16 100.0 353.64 519.80 

9 2,3-dimethylpentane C7H16 100.0 362.93 537.30 

10 2-methylhexane C7H16 100.0 363.20 530.40 

11 3-methylhexane C7H16 100.0 365.00 535.00 

12 benzene C6H6 78.0 353.24 562.05 

13 cyclopentane C5H10 70.0 322.40 511.70 

14 methylcyclopentane C6H12 85.0 344.96 532.79 

15 cyclohexane C6H12 85.0 353.87 553.80 
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 537 

 538 

Table 2. Mass fractions for components of the new surrogates. 539 

Component Surr1 Surr2 Surr3 

iso-pentane 0.000 0.000 0.231 

n-pentane 0.448 0.448 0.400 

n-hexane 0.254 0.290 0.000 

cyclopentane 0.000 0.000 0.083 

2,3-dimethylbutane 0.262 0.262 0.000 

2-methylhexane 0.009 0.000 0.130 

n-heptane 0.000 0.000 0.156 

cyclohexane 0.027 0.0000 0.000 
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 554 

Table 3. Molecular weight, H/C ratio and RON for LN and Surr1-3 along with relative errors. 555 

Fuel/Surrogate Naphtha PRF65 Surr1 Surr2 Surr3 

Property value value % error value % error value % error value % error 

Molecular weight 78.36 108.90 38.97 79.17 1.03 77.42 -1.2 79.10 0.94 

H/C 2.32 2.26 -2.59 2.35 1.29 2.34 0.86 2.36 1.72 

RON 64.50 65 0.77 64.10 -0.62 63.3 -1.86 62.50 -3.10 
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