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A B S T R A C T   

The externally heated diverging channel (EHDC) method was utilized to evaluate the laminar burning velocity 
(LBV) of premixed ethane-air flames at higher mixture temperature (350-620 K) and pressure (1-5 atm) con-
ditions over different mixture strengths (ϕ = 0.7-1.3). The maximum LBV was noted at ϕ = 1.1 for all pressure 
and temperature conditions. The inverted parabolic behavior of the temperature exponent was obtained with the 
minima at ϕ = 1.1. The pressure exponent (β) exhibits a parabolic variation with its maxima at ϕ = 1.0. The 
current results are further analyzed and compared with the literature measurements, and the comprehensive 
kinetic model predictions of USC mech II, San Diego mech, and Aramco mech 1.3. The present LBV measure-
ments match well with the kinetic model predictions of Aramco mech 1.3 at most of the mixture and 
pressure conditions. The present results propose the variation of pressure exponent (β) as a function of 
temperature ratio, and temperature exponent (α) as a function of pressure ratio for different mixture 
conditions (ϕ). A revised power-law correlation for α and β variations is also recommended as, 
Su = Su0(Tu/Tu0)

∝0 + ∝1(1 − Pu/Pu0))(Pu/Pu0)
β0 + β1(1 − Tu/Tu0). The sensitivity analysis indicates the maximum decre-

ment in the positive sensitivity for the chain branching reaction HCO + M ↔ H + CO + M (R30) across all the 
stated mixture conditions, owing to an increment in the third body effects along with pressure and temperature. 
The reaction pathway analysis reveals a maximum net reduction in the elemental flux (~56 %) for the reaction 
between the species carbon monoxide (CO) and carbon dioxide (CO2) through different reactions, due to a rise in 
pressure and temperature.   

1. Introduction 

Due to strict emission norms for reducing the greenhouse gas emis-
sions released from the combustion of hydrocarbon fuels, the combus-
tion community has been aggressively working on the goal of reducing 
the same through the application of alternate fuels with high hydrogen 
content, such as natural gas and ethane gas. The combustion of natural 
gas and ethane produces relatively lower CO2 emissions than commer-
cial gasoline and/or diesel fuels due to its simple chemical structure, 
relatively higher hydrogen content, complete mixing, and no fuel at-
omization, spray, mixing, and evaporation issues. The high-octane 
number of these fuels allows the engine to operate at a high compres-
sion ratio, with better anti knocking capability, leading to further 
improvement of engine power output, thermal efficiency and thereby 
improved performance. 

Ethane has a high heating value (47.2 MJ/kg) as compared to gas-
oline (44 MJ/kg), which leads to higher flame temperatures and higher 

combustion efficiency. In general, the benefits of employing ethane in 
combustors over other fossil fuels include cleaner burning, higher effi-
ciency, adaptability, accessibility and storage, and affordability. Before 
using ethane as an alternative to fossil fuel in present-day combustors, 
fundamental combustion investigations should be performed, such as 
extinction limits, laminar burning velocity (LBV), and ignition time 
studies. The LBV is an important parameter that specifies the speed at 
which a flame front propagates through a combustible mixture. At 
higher temperatures and pressures, such as those observed in gas turbine 
combustors and internal combustion engines, the LBV of a fuel-air 
mixture can have a major influence on emissions, combustion process, 
and combustion efficiency. As a result, a thorough understanding of the 
LBV of the ethane-air mixture under higher pressure and temperature 
conditions is critical for refining the combustion system design, lowering 
the combustion emissions, boosting efficiency, and assuring safe oper-
ation at all operating conditions. 

In the past, various experimental and computational studies have 
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been reported to evaluate the LBV of the C2H6-air mixture at higher 
pressure and temperature conditions. Different measurement methods 
have been used to estimate the LBV, such as the spherical bomb method 
[1], counterflow flame method [2], and heat-flux method [3]. Amidst 
these techniques, the heat-flux method solely measures the stretch-free 
LBV at adiabatic conditions, which is also considered as direct method 
for the estimation of LBV. 

Egolfopoulos et al. [2] used the stagnation flame method to evaluate 
the burning velocity of C2H6-air mixtures (ϕ = 0.6 to 2.0) at pressures 
(0.25-3 atm) and normal temperature conditions. They discussed the 
comparative importance of individual reactions on the LBV using 
sensitivity analysis. At normal temperatures, the measured burning ve-
locity was reduced by 45 %, as the pressure rises from 0.25 to 3 atm. 
Tseng et al. [4] employed the spherically expanding flame method (ϕ =
0.8-1.6) at normal conditions to analyze the influence of flame stretch on 
the burning velocity of C1-C3 alkane fuels. At reference conditions, they 
observed a maximum burning velocity of 44 cm/s (ϕ = 1.1) for the C2H6- 
air mixture. Due to the variation in the heat of formation, which altered 
the density ratios under similar conditions, Aung et al. [5] rectified the 
burning velocity presented by Tseng et al. [4] and revised the maximum 
burning velocity to 37 cm/s. Hassan et al. [1] determined the LBV uti-
lizing the spherical bomb method (ϕ = 0.8-1.6) at standard temperature 
and pressures (0.5-4 atm). With an increase in pressure, they observed 
negative Markstein numbers for the wider mixture ranges, which led to 
various flame instabilities due to preferential diffusion at high-pressure 
conditions. Jomaas et al. [6] employed the spherical bomb method to 
evaluate the LBV (ϕ = 0.7-1.4) at normal temperature, and pressures (1, 
2, and 5 atm). The adiabatic LBV of C2H6-air mixtures (ϕ = 0.7-1.3) are 
measured by Kishore et al. [7] utilizing the heat flux method at 1 bar and 
307 K. They observed maximum LBV (41 cm/s, ϕ = 1.1) at standard 
conditions. Identifying the significance of natural gas as a vital fuel in 
industrial gas turbines for power generation, Lowry et al. [8] used the 
stagnation flame method to evaluate the burning velocity of C2H6-air 
mixtures (ϕ = 0.6-1.3) at different pressures (1, 5 and 10 atm) and 
standard temperatures. They developed a hybrid correlation to estimate 
the uncertainties through a meticulous analysis. Mitu et al. [9,10] esti-
mated the burning velocity (ϕ = 0.59-1.36) utilizing the spherically 
expanding flame method at pressures (Pu = 30-130 kPa) and tempera-
tures (Tu = 298-433 K). They also presented temperature and pressure 
coefficients using the power-law correlations. In 2016, Goswami et al. 
[11] used the heat-flux method to evaluate the burning velocity (ϕ =
0.8-1.3) at pressures (Pu = 1-4 atm) and normal temperature conditions. 
They observed significant deviation in the measured pressure exponent 
values as compared to the mechanism predictions and literature results. 

Han and co-workers [12] employed the heat-flux method to determine 
the burning velocity of C2H6-air mixture for different mixture ranges (ϕ 
= 0.7-1.5) at different mixture temperatures (Tu = 298-328 K) and 
standard pressure conditions. They suggested a temperature exponent 
correlation to indicate the temperature dependency on the burning ve-
locity. Recently Shinde et al. [13] determined the LBV of C1-C4 alkane- 
air mixtures (ϕ = 0.7-1.3) utilizing the diverging channel method at 
elevated temperature (350-660 K) and standard pressure conditions. 
From the power-law correlation, they also deduced the temperature 
exponents for the stated mixture strengths (ϕ), to indicate the temper-
ature dependency of the LBV. The LBV data at higher pressures and 
temperatures are beneficial for improving/validating various kinetic 
models of different fuels. This data further helps in combustion 
modeling of gas turbine combustors, industrial furnaces and internal 
combustion engines. 

The LBV of a fuel-air mixture depends upon the mixture strength (ϕ), 
unburnt mixture temperature (Tu), and pressure (Pu). The long-term 
measurements are presented as a power-law correlation between the 
mixture temperature and pressure, as shown below [14]. 

Su = Su0

(
Tu

Tu0

)α(Pu

Pu0

)β

(1)  

where Pu0 and Tu0 are standard pressure and temperature (1 atm and 
300 K), respectively. Su0 is the LBV at (Pu0, Tu0), and Su is the LBV at 
pressure Pu and temperature Tu. The α and β are temperature and 
pressure exponents, respectively. 

A detailed review of the existing literature on the measurement of 
premixed ethane-air flames at different conditions is summarized from 
1990 onwards in Table 1. It is clear from Table 1 that although several 
experimental studies have been reported at standard pressure and 
temperature conditions, there are very limited studies at elevated 
pressure and temperature conditions. There is only one study by Mitu 
et al. [9,10], which reports the simultaneous effect of elevated pressure 
(0.3-1.3 bar) and temperatures (298-433 K) using the spherical 
expanding flame method. To our knowledge, there are no other studies 
that report the simultaneous effect of elevated pressure (1-5 atm) and 
temperature (350-620 K) on the variation of LBV of ethane-air mixtures. 

Fig. 1 shows the comparison of present experimental operating 
conditions with the available literature data as listed in Table 1, along 
with the thermodynamic conditions encountered in a typical engine 
during the mixture compression process. In Fig. 1, lines I and II imitate 
the isentropic compression process following, Tu/Tuo = (Pu/Puo)

(γ− 1)/γ, 
where Tu0 and Pu0 are initial temperature and pressure respectively, and 
γ is the specific heat capacity ratio of the unburned gas. Region 1 be-
tween lines I and II represents the typical Tu and Pu range expected 
during the compression and combustion processes in spark ignition (SI) 
engines, and these conditions are considered as engine relevant condi-
tions. Most of the previously reported studies are along lines III and IV 
shown in Fig. 1, and they are referred to as unrealistic engine conditions 
because they are far away from region 1. The present study is an attempt 
towards the measurement of the laminar burning velocity in this di-
rection and reports the LBV values near the engine relevant conditions, 
(area highlighted with yellow color in Fig. 1). Similar studies at engine 
relevant conditions for methane-air mixtures were reported by Varghese 
et al. [21] and propane-air mixtures by Shinde et al. [22] using EHDC 
method recently. 

The pressure exponents (β) are observed at standard temperature, 
and temperature exponents (α) are noted at 1 atm pressure conditions by 
all investigators. Individually, pressure and temperature exponents are 
presumed to be constant at high temperatures and pressure conditions, 
respectively. The comprehensive LBV measurements performed simul-
taneously at elevated temperature and pressure conditions would help 
provide an improved understanding of the influence of mixture tem-
perature on β and mixture pressure on α. 

The EHDC method is utilized in this investigation to determine the 

Table 1 
Summary of LBV measurement of ethane-air mixtures at different conditions 
(1990 onwards). SEF - Spherically expanding flame, EHDC - Externally heated 
diverging channel, SF - Stagnation flame, HF - Heat flux, BF - Bunsen flame.    

Operating conditions 
Ref. Method Pu (atm) Tu (K) ϕ 

Egolfopoulos (1990) [2] SF 0.25-3 298 0.6-2 
Aung (1995) [5] SEF 1 298 0.8-1.6 
Vagelopoulos (1998) [15] SF 1 298 0.7-1.4 
Hassan (1998) [1] SEF 0.5-4 298 0.8-1.6 
Konnov (2003) [3] HF 1 353 0.6-1.6 
Bosschart (2004) [16] HF 1 298 0.6-1.5 
Jomaas (2005) [6] SF 1-5 298 0.7-1.4 
Dyakov (2007) [17] HF 1 298 0.6-1.5 
Kishore (2008) [7] HF 1 307 0.7-1.3 
Lowry (2010) [8] SEF 1-10 298 0.7-1.3 
Dirrenberger (2011) [18] HF 1 298 0.6-2.1 
Park (2013) [19] SF 1 298 0.6-1.5 
Mitu (2014, 2015) [9,10] SEF 0.3-1.3 298-433 0.6-1.3 
Goswami (2016) [11] HF 1-4 298 0.8-1.3 
Han (2019) [12] HF 1 298-328 0.7-1.5 
Ghosh (2022) [20] BF 1 180-295 0.8-1.4 
Shinde (2023) [13] EHDC 1 350-660 0.7-1.3  
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LBV variation for C2H6-air mixtures at higher pressure and temperature 
conditions simultaneously. The current measurements are conducted at 
higher mixture temperature (350-620 K) and pressure (1-5 atm) con-
ditions. The temperature and pressure exponents of the ethane-air 
mixtures are evaluated from the power-law correlations. The mecha-
nism predictions utilizing three comprehensive reaction mechanisms 
(Aramco mech 1.3 [23], USC mech II [24], and San Diego mech [25]) 
are compared with the literature and current results. The reduction in 
the mixture LBV with a rise in mixture pressure is thoroughly studied. 
The pressure and temperature exponents from the current work are 
analyzed with the mechanism predictions and literature data. Lastly, a 
revised power-law correlation for the burning velocity estimation is 

presented, indicating the dependency of β on the temperature ratio and α 
on the pressure ratio. The influence of chemical kinetics on the LBV are 
also discussed with the help of sensitivity and reaction pathway 
diagrams. 

2. Experimental and modeling details 

2.1. Experimental setup 

A 10◦ diverging channel made of quartz glass is utilized in the pre-
sent investigation to get the planar stabilized flames for determining the 
burning velocities. The experimental setup details are similar to earlier 

Fig. 1. Summary of the experimental conditions for the LBV measurement in the present work and its comparison with the available literature data as listed in 
Table 1 and engine relevant conditions. 

Fig. 2. (a) Layout of the experimental setup, (b) Stainless steel cylindrical pressure vessel; A - Pressure relief valve, B - Quartz glass window, C - Pressure gauge, D - 
Diverging channel, E - Thermocouple, F - Ceramic heater, G - Cooling water inlet, H - Cooling water outlet, I, J - Pressurizing Air inlet, K - Fuel-air mixture inlet, L - 
Exhaust gas outlet. 
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work [21]. A ceramic heater (600 W) is employed to heat the diverging 
channel externally. A positive temperature gradient develops along the 
length of the channel due to external heating. A high aspect ratio (12.5) 
of the channel provides uniform velocity and temperature profiles along 
the transverse direction of the channel [26]. This helps to get the stable 
planar flames within the channel. The heat loss from the reaction zone to 
the channel walls is compensated by the external heat of the heater, 
which assists in achieving close to adiabatic conditions at the flame 
location [26]. The diverging channel and heater are placed in a stainless 
steel cylindrical pressure vessel (40 L), as indicated in Fig. 2. The 
ceramic heater is kept 20 mm below the diverging channel. The pressure 
regulation within the vessel is achieved by the pressure relief valve. The 
premixed fuel-air mixture at the desired velocity and mixture condition 
(ϕ) is fed to the channel. An ignition device is kept at the outlet plane of 
the channel to ignite the premixed fuel-air mixture within the channel. 
After the mixture ignition, the flame progressively travels in the up-
stream direction and stabilizes at a location where the mixture LBV 
matches the local flow velocity. The unburnt mixture temperature and 
the flame cross-section area at the location of the stabilized flame are 
determined to estimate the mixture LBV through the application of the 
mass conservation equation. This process is repeated for various mixture 
conditions and different heat inputs. As the flow Peclet number within 
the diverging channels (width 2 mm) is low, the unburnt mixture tem-
perature is considered to be close to the inner channel wall temperature 
at the stabilized flame position [27,28]. The direct photographs of a 
stabilized planar flame are presented in Fig. 3 at different operating 
conditions. 

2.2. Temperature measurement and distribution 

The LBV measurement using the EHDC method relies on unburnt 
mixture temperature data and flame location. In the beginning, a K-type 
thermocouple is employed to determine the air temperature within the 
channel at different axial positions under cold flow conditions at various 

flow rates [21]. An accurate traverse mechanism is utilized to operate 
the thermocouple throughout the length of the channel. The thermo-
couple records the temperature of the lower channel wall. The tem-
perature distribution across the channel is determined a priori for 
various external heating rates at different flow rate conditions. Fig. 4 
depicts the temperature distribution across the channel (cold flow con-
ditions) for an external heating rate (400 W) and an inlet velocity of Uin 
= 1 m/s. Fig. 4b demonstrates almost constant temperature in the 
transverse direction with a maximum deviation of ± 3 K. This uniform 
temperature distribution assists in obtaining planar flames over a wide 
range of mixture velocities and equivalence ratios (ϕ). A linear positive 
temperature gradient of 5.05 K/mm was noted along the mixture flow 
direction at the stated conditions. Fig. 4a illustrates that at a given 
heating rate (400 W), the temperature and temperature gradient at 2 
atm pressure (5.05 K/mm) is lower than at 1 atm pressure (6.17 K/mm) 
because the unburnt mixture temperature reduces as the pressure in-
creases. Therefore, higher heating rates are required from the external 
heater at high-pressure conditions. 

2.3. Evaluation of mixture LBV 

The LBV is measured in the EHDC method at the position of the 
planar stabilized flame, where the LBV matches the inlet mixture ve-
locity. The position of the stabilized planar flame depends upon the 
mixture condition (ϕ), external heat input, and inlet mixture velocity. 
The LBV (Su) is estimated utilizing a rearranged mass conservation 
equation as follows: 

Su = Uinlet ×

(
Ainlet

Af

)(
Tu

Tin

)

(2)  

where Ainlet and Uinlet represent the cross-section area at the inlet of the 
channel (m2) and inlet mixture velocity (m/s), respectively, Tu and Af 
indicate the unburnt mixture temperature and channel cross-section 
area at the stabilized flame location, and Tin indicate the unburnt 
mixture temperature at the inlet of channel. 

2.4. Uncertainty estimation 

The error propagation rule is utilized to estimate the uncertainty for 
the present measurements [26,29]. The mixture temperature, inlet ve-
locity, and flame area all influence the uncertainty of the estimated LBV 
[26]. The uncertainty of the mass flow controllers (AALBORG® GFC17) 
utilized for air and fuel measurement ranges up to 1.5 % of the full-scale 
reading. The K-type thermocouple utilized has a standard uncertainty of 
± 2.2 K or 0.75 % of reading, whichever is maximum. The traverse 
mechanism used to move the thermocouple within the diverging chan-
nel has a ± 1 mm precision, resulting in a ± 0.71 mm2 uncertainty in the 
flame area calculation [30]. At higher mixture pressure and temperature 
conditions, the highest uncertainty recorded for the estimated LBV is 
found to be less than ± 5 % [21]. The least squares method recom-
mended by Alekseev et al. [31] was employed to estimate the uncer-
tainty in the pressure exponent (β) and temperature exponent (α). The 
highest temperature and pressure exponent uncertainty was estimated 
to be Δα = 0.1212 and Δβ = 0.059, respectively. The supplementary 
material comprises brief descriptions of the estimation of various un-
certainties in the present measurements. 

2.5. Numerical modeling details 

The CHEMKIN-Pro 2020 [32] software package was utilized for 
computational studies to estimate the LBV using different detailed re-
action mechanisms (Aramco mech 1.3 [23], USC mech II [24], and San 
Diego mech [25]). The mixture-averaged transport property condition is 
employed to compute the transport properties of a 1-D adiabatic laminar 
flame. The grid convergence is confirmed by using adaptive mesh 

Fig. 3. Direct photograph of a planar stabilized flame at (a) ϕ = 0.8 with Uin =

0.9 m/s at 2 atm, 563 K and (b) ϕ = 1.0 with Uin = 1.05 m/s at 5 atm, 604 K. 
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parameters CURV (0.03), GRAD (0.04), and a maximum of 2000 grid 
points to discretize over the length of the domain. 

3. Results and discussion 

3.1. Influence of higher mixture temperature on LBV (Pu = 2 atm) 

Fig. 5 depicts the LBV (Su) variation with temperature ratio (Tu/Tu0) 
for ethane-air mixtures. The lines depict the different mechanism pre-
dictions, and symbols indicate the experimental data. The power-law 
correlations, Su = Su0 × (Tu/Tu0)

α was used to plot the measured data, 
where Tu is the unburnt mixture temperature, Tu0 is the standard 
reference temperature (300 K), Su0 is the LBV at 300 K temperature, and 
α is the temperature exponent. The plot clearly depicts that the burning 
velocity enhances with an increase in the unburnt mixture temperature, 
owing to the elevated adiabatic flame temperature and enthalpy content 
of the fuel-air mixture. The differences in the kinetic variables (viz. re-
action rate constants, third body efficiencies, and reaction activation 
energies), the exclusion or inclusion of various reactions in these 
extensive kinetic models, and certain species in these reaction mecha-
nisms primarily affect the LBV variation at different conditions. Fig. 5 
depicts that for stoichiometric mixture condition, the present results are 

consistent with all three kinetic model predictions across the whole 
temperature ratio range within the uncertainty limits. At ϕ = 0.7, the 
present results are somewhat lower than the mechanism predictions; 
however, they are closer to the mechanism predictions of Aramco mech 
1.3 [23]. The inset table illustrates the equation and the power-law fit 
parameters. Identical equations are obtained for various mixture con-
ditions (ϕ) and high pressures (Pu = 1-5 atm), assisting in the evaluation 
of burning velocity (Su0) at reference conditions and the corresponding 
temperature exponent (α) values. As per the current measurements, at ϕ 
= 1.0, Su0 = 34.28 cm/s with a temperature exponent, α = 1.83 value is 
noted for Pu = 2 atm pressure. At the stoichiometric mixture condition, 
Fig. 5 indicates a decrement in the LBV owing to the rise in mixture 
pressure (1 to 2 atm). 

3.2. Influence of higher mixture pressures on LBV at 300 K 

The power law correlation was employed to extract the LBV data 
(Su0) at reference condition (300 K) by performing experiments at higher 
pressures (1-5 atm) and temperatures (350-620 K). Fig. 6a compares the 
present measurements with the predictions of various reaction mecha-
nisms (Aramco mech 1.3 [23], USC mech II [24], and San Diego mech 
[25]), as well as previous investigations [1,6,10,11] at 300 K for varying 
mixture strength (ϕ = 0.7-1.3) at 1, 2, and 4 atm pressures. The present 
measurements are consistent with the kinetic model predictions of 
Aramco mech 1.3 [23] for lean to stoichiometric mixtures (except slight 
under prediction at 1 atm) and slight over prediction for rich mixture 
conditions. The present findings are a good match with the literature 
data of Goswami et al. [11] from stoichiometric to rich mixture condi-
tions at 1 atm, within the uncertainty limits. The literature results of 
Goswami et al. [11] and Jomaas et al. [6] show lower LBV values for the 
majority of the mixture conditions, whereas, at 4 atm pressure, the 
present results agree well with Goswami et al. [11] at ϕ = 1.2 and 1.3. 
The experimental investigations of Mitu et al. [10] are at different 
mixture equivalence ratios than at standard values i.e. 0.7, 0.8, etc. 
Therefore, the results of Mitu et al. [10] show a slightly different trend 
than the existing data in the literature. Fig. 6b depicts a similar com-
parison of current results at 3 and 5 atm with the mechanism predictions 
[23–25] and literature results [1,8,11]. In Fig. 6b, different scales on the 
y-axis (LHS 3 atm, RHS 5 atm) are adopted to prevent overlapping of the 
data. The present results are in good match with the kinetic model 
predictions of Aramco mech 1.3 [23] within uncertainty limits, both at 3 
and 5 atm pressures. The literature results of Goswami et al. [11] match 
well at ϕ = 1.2 and 1.3, and show lower LBV values from lean to slightly 
rich mixture conditions, as compared to the present results at 3 and 5 

Fig. 4. (a) Temperature distribution in the axial direction for different heating rates (Uin = 1 m/s, Pu = 1, 2 atm). (b) Temperature distribution in the transverse 
direction (Q = 400 W, Uin = 1 m/s, Pu = 2 atm). 

Fig. 5. Variation of LBV for the ethane-air mixture at higher temperatures and 
pressures (Pu = 1, 2 atm) for ϕ = 0.7 and 1.0. 
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Fig. 6. LBV of the ethane-air mixture at different pressures (a) 1, 2, 4 atm, and (b) 3, 5 atm and reference temperature (300 K) with mechanism predictions (lines) 
and literature results (symbols). 

Fig. 7. Variation of temperature exponent (α) for the ethane-air mixture at different pressures (a) Pu = 1, 2, 4 atm and (b) Pu = 3, 5 atm (c) Pu = 1, 5 atm.  
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atm pressure conditions. Both Fig. 6a and 6b depict a substantial 
reduction in LBV values owing to enhanced mixture pressure. 

The entire mixture pressure dependency of LBV can be expressed in 
the form, 

Su = Su0

(
Pu

Pu0

)β

(3)  

where Su0 is the LBV at reference condition (Pu0 = 1 atm) and, β - 
pressure exponent. The pressure exponent, β, is a function of mixture 
conditions (ϕ) and the pressure range (1-5 atm). The influence of LBV on 
pressure can be illustrated using the comprehensive and thermal the-
ories of LBV analysis as, Su∝P(n− 2)/2, where n indicates the overall re-
action order. The overall reaction order for major hydrocarbon-air 
mixtures is stated to be lower than 2 with Su < 50 cm/s, implying that 
the LBV decreases with increasing mixture pressure [33]. As a conse-
quence, for hydrocarbon-air mixtures, the reported pressure exponent 
(β), is found to be negative. The burning velocity decreases with a rise in 
pressure owing to density changes in the mixture. The rise in mixture 
density causes a decrease in the mean free path, which leads to increased 
molecular collisions, thus raising the collision frequency. This helps in 
increased third-body recombination reactions as well as third-body ef-
fects. The reaction zone thickness decreases with an increase in mixture 
pressure. The oxidation rate is further affected at high pressures owing 
to the increased thermal diffusivity of the mixtures [21]. 

3.3. Change in temperature exponent at higher pressures 

The temperature exponent (α), an empirical parameter that demon-
strates a rise in LBV at elevated temperatures, was obtained from power- 
law correlations for the measured LBV data at different pressure con-
ditions and mixture strength (ϕ = 0.7-1.3). Fig. 7a and 7b illustrate a 
comparison of the observed temperature exponent values with San 
Diego mech [25] mechanism predictions at different pressures (Pu = 1-5 
atm). To avoid data cluttering and better understanding, the current 
results are somewhat offset on the x-axis by ± 0.01 (Pu = 1, 2, 3, and 4 
atm). The influence of pressure on temperature exponents has been 
studied and reported. For the entire pressure range (1-5 atm), the tem-
perature exponent demonstrates non-monotonic behavior with mixture 
conditions, and it is noted to be minimal at ϕ = 1.1. The temperature 
exponents appear to rise slightly owing to an increase in pressure for the 
range of mixture strength (ϕ). The temperature exponents acquired from 
the measurements are closer to the mechanism predictions of San Diego 
mech [25] within the uncertainty limit. These predictions also match 
well from lean to stoichiometric mixture conditions over the entire 
pressure range (Pu = 1-5 atm). The measurements of Mitu et al. [10] 
were noted to be slightly lesser than the present results for the whole 
mixture conditions (ϕ) at 1 atm. This may be due to the smaller tem-
perature range (298-423 K) and the lower number of data points 
observed in their literature. Fig. 7c depicts the comparison of the 
measured temperature exponent values with the mechanism predictions 
of Aramco mech 1.3 [23] and USC mech II [24] at Pu = 1 and 5 atm 
pressures. The present measurements are in better agreement with the 
kinetic model predictions of USC mech II [24] at 1 atm and except at ϕ =
0.7. The predictions of kinetic models at 5 atm match reasonably well 
with the present measurements. 

The temperature exponent, α, is obtained using the power-law cor-
relation, Su = Su0 (Tu/Tu0)α, as this equation resembles the Arrhenius 
equation, k = ATβexp(-EA/RuT). Laminar burning velocity is observed to 
increase with an increase in the mixture temperature due to an increase 
in the Arrhenius reaction rate and a rise in the enthalpy of reactants. 
Maximum LBV is observed for stoichiometric and slightly rich mixtures 
at ϕ = 1.1. At these mixture conditions, the adiabatic flame temperature 
is also maximum. Due to the occurrence of the highest flame tempera-
ture at ϕ = 1.1, the dissociation reactions start playing a major role, 
which significantly affects the rate at which mixture burning velocity 

changes with temperature. Therefore, the values of temperature expo-
nents, α, are observed to be minimum for stoichiometric and slightly rich 
mixture (ϕ = 1.1) conditions. At extreme conditions of very lean and rich 
mixtures, the adiabatic flame temperature is comparatively lower. Due 
to this, the role of dissociation reactions is comparatively low. Hence, 
the values of the temperature exponents are relatively higher as 
compared to stoichiometric and slightly rich (ϕ = 1.1) mixtures. 

3.4. LBV variation at high pressure and high temperature conditions 

The burning velocity variation for a range of pressures (Pu = 1-5 
atm), as well as high temperature (Tu = 600 K) conditions for various 
mixture conditions (ϕ = 0.7-1.3), is presented in Fig. 8. The power-law 
correlations were employed to obtain the current LBV values at various 
pressure and mixture conditions using the temperature exponent values 
(α) acquired earlier. It is evident from Fig. 8a that the current mea-
surements are slightly over-predicted by all three kinetic models for lean 
to stoichiometric mixture conditions. These kinetic models under pre-
dict the LBV values for rich mixture conditions at all pressure conditions. 
Overall, the kinetic model predictions of Aramco mech 1.3 [23] are 
comparatively closer to the present results, with a maximum deviation 
of ~ 12 % at ϕ = 0.7 for 1 atm pressure condition. The data of Mitu et al. 
[10] are plotted using power law correlation based on Su0 and α reported 
in their literature, and similar observations were made for lean to stoi-
chiometric mixture conditions. Identical observation can be made in 
Fig. 7b for 5 atm pressure conditions, with a maximum deviation of ~ 
13 % at ϕ = 0.7. The experimental LBV data of Mitu et al. [9,10] is 
relatively lower than the present measurements, as shown in Fig. 8a, due 
to the lower values of temperature exponent reported by them (see 
Fig. 7a and 7c). Mitu et al. [9,10] obtained the values of temperature 
exponent α by considering a smaller temperature range of 298-433 K. 
Further, the linear variation of α with ϕ for lower hydrocarbon fuels was 
discouraged by Konnov [34]. The study of Mitu et al. [9,10] used cubic 
law coefficients for obtaining the burning velocities; however, they do 
not mention about the effect of Markstein length and Lewis number. The 
effect of Markstein length and Lewis number is very critical in rich 
mixture conditions. Perhaps this could be one of the important reasons 
for LBV deviation at high temperature conditions. In general, an increase 
in the unburnt mixture temperature enhances the LBV of the fuel-air 
mixture for all equivalence ratios owing to a rise in enthalpy content 
and a higher concentration of radicals (O, OH, H, and CH3) at elevated 
mixture temperatures. The rise in radical species, along with adiabatic 
flame temperatures, leads to a rapid rate of heat release. The elevated 
enthalpy of the unburnt mixture enhances the LBV. The LBV decreases 
due to a rise in the mixture pressure at a certain mixture condition and 
unburned gas temperature. The subsequent empirical equation can be 
expressed to indicate the LBV variation at higher temperatures and 
pressures for stoichiometric mixture condition. 

Su = 38.8
(

Tu

Tu0

)∝(Pu

Pu0

)β

;

∝ = 1.77 + 0.018
Pu

Pu0
; β = 0.0582

Tu

Tu0
− 0.3035

(4)  

3.5. Pressure exponent variation with the mixture conditions (ϕ) 

The burning velocity decreases due to a rise in the mixture pressure 
for premixed ethane-air flames. Chemical kinetics plays a key role in 
lowering the mixture LBV with the mixture pressure. The LBV is affected 
by the variation in the thermophysical properties of the mixture (higher 
density, thermal diffusivity) as well as changes in the collision frequency 
of the third-body reactions. The rise in initial pressure has a secondary 
influence on the transport and thermodynamic properties of the mixture 
[21]. The LBV (Su0) variation of ethane-air mixtures at various mixture 
strengths (ϕ) and its reduction with the rise in pressure is indicated in 
Fig. 9. The pressure-dependent power-law correlation. Su = Su0(Pu/Pu0)

β 
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is acquired from the slope of these straight lines plotted on the loga-
rithmic scale, as indicated in Fig. 9. The current data are also analyzed 
with the measurements reported by Goswami et al. [11] at ϕ = 0.8, 1.0, 

and 1.3. The present experimental measurements are marginally higher 
than the experimental measurements of Goswami et al. [11], with a 
maximum deviation of ~ 11 % at ϕ = 0.8 for 5 atm pressure. However, 
the current measurements agree well with the literature data of Gos-
wami et al. [11] at rich mixture conditions for the entire pressure range. 

The pressure exponent values β obtained from Fig. 9 are presented 
and compared with various mechanism predictions and the literature 
results in Fig. 10. Fig. 10a depicts the pressure exponent (β) variation 
with mixture conditions (ϕ) at reference temperature (Tu0 = 300 K). The 
pressure exponent (β) values are extracted by applying the power-law 
correlation to LBV values at 300 K and various pressure conditions. A 
non-monotonic behavior of pressure exponent (β) was observed with the 
maximum value at stoichiometric mixture condition. As the number of 
data points for evaluating pressure exponents is relatively less (at Pu = 1- 
5 atm), higher uncertainties in β are anticipated in the values reported in 
the current work (maximum ~ 19 % at ϕ = 0.7). The present mea-
surements agree well with the kinetic model predictions of Aramco 
mech 1.3 [23] and USC mech II [24] over the entire mixture conditions 
(ϕ). The pressure exponent values of present measurements are 
compared with the different literature data [1,6,8,10,11]. For lean 
mixture conditions, the present results are a good match with the 
literature data of Lowry et al. [8], whereas for stoichiometric to rich 
mixture conditions, the present results agree well with the data of 
Jomaas et al. [6]. A substantial scatter can be noticed in Fig. 10a; this is 
perhaps owing to various measurements and data extraction techniques 
used by different investigators. Fig. 10b indicates the pressure exponent 

Fig. 8. LBV variation at different pressures [a] Pu = 1, 2, 4 atm and [b] Pu = 3, 5 atm for mixture temperature Tu = 600 K.  

Fig. 9. LBV variation at higher pressures and reference temperature (300 K) of 
ethane-air mixtures. 

Fig. 10. Pressure exponent variation with the mechanism predictions and literature ([a] Tu = 300 K [b] Tu = 600 K).  
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(β) variation with mixture conditions (ϕ) at an elevated mixture tem-
perature (Tu = 600 K). The pressure exponent (β) values are obtained by 
applying the power-law correlation to LBV values at 600 K and various 
pressure conditions. For lean mixture conditions, the present results are 
closer to the kinetic model predictions of USC mech II [24], and for 
stoichiometric to rich mixture conditions, the present results indicate a 
good match with the kinetic model predictions of Aramco mech 1.3 
[23]. Fig. 10b also indicates that substantial deviations exist between 
the mechanism predictions of San Diego mech [25] and current mea-
surements over the entire range of the mixture conditions (ϕ), suggest-
ing further improvement/modifications in the mechanism. 

The values of the pressure exponent, β, are obtained from the power 
law correlation, Su = Su0 (Pu/Pu0)β. As pressure increases, the laminar 
burning velocity values are observed to decrease, and a maximum value 
of β is obtained at ϕ = 1.0 (Tu= 300 K) and 1.1 (Tu= 600 K). It is to be 
noted here that the values of pressure exponent β are negative. A 
maximum value of β indicates the least dependence on mixture pressure 
(or concentration of reactants within the combustion zone). Since the 
reactants are available optimally for stoichiometric and slightly rich 
mixtures, pressure exponent β has maximum values at these conditions. 
For extremely lean and rich mixture conditions, the mixture is either fuel 
or oxidizer deficient. Therefore, the deficiency of either fuel or oxidizer 
components in the mixture results in higher (negative) dependence on 
pressure (concentration of the reactants) within the combustion zone. 

3.6. Pressure and temperature exponent variation 

The current work suggests that the pressure exponent varies as a 
function of the temperature ratio and the temperature exponent as a 
function of the pressure ratio based on the detailed LBV measurements 
reported in the current work. A linear increment in the pressure and 
temperature exponent was noted for different mixture conditions (ϕ). 
Fig. 11 depicts the variation of the temperature and pressure exponents 
as a function of pressure ratio and temperature ratio, respectively, for 
selected mixture conditions (ϕ = 0.7, 1.0, and 1.3). The variation shows 
a linear dependency on each other. Fig. 11a exhibits the temperature 
exponent (α) variation at higher pressures for the stated mixture con-
ditions (ϕ). The temperature exponent increases linearly with the pres-
sure ratio. The pressure-dependent behavior of the temperature 
exponents shows a linear variation for stoichiometric mixtures [35]. The 
temperature exponent values are noted to increase with pressure, and 
the temperature exponent variation for the stoichiometric ethane-air 
mixture can be derived as α = 1.77 + 0.018 (Pu/Pu0). The temperature 
exponents are also compared with the reaction mechanism predictions 
of Aramco mech 1.3 [23]. The present measurements are reasonably 
closer to the kinetic model predictions at stoichiometric and rich 

mixture conditions. However, at lean mixture conditions, the kinetic 
model predictions are consistently higher than the current results, with a 
maximum deviation of ~ 4 % at Pu = 1 atm. Fig. 11b illustrates the 
pressure exponent (β) variation with temperature ratio for the stated 
mixture conditions (ϕ). It is evident from Fig. 11b that the mechanism 
predictions of Aramco mech 1.3 [23] are marginally higher than the 
current measurements for lean mixture conditions over the entire tem-
perature range. However, they match well with the current results at 
stoichiometric and rich mixture conditions. A maximum deviation of ~ 
11 % at reference temperature for stoichiometric mixture condition is 
noted. The slope of the linear fit curves of temperature exponent values 
(α) shown in Fig. 11a is significantly lower than the slopes of pressure 
exponents (β) values shown in Fig. 11b. This indicates that the pressure 
exponent values (β) are more temperature dependent than the depen-
dence of temperature exponent values (α) on the pressure ratio. It is 
obvious from Fig. 11 that it is necessary to consider the pressure and 
temperature dependencies of temperature and pressure exponents (α, β), 
as compared to the constant (α, β) values reported by various researchers 
earlier [1,6,8,10,11] in the standard power-law correlations. Based on 
the current experimental observations, a revised power-law correlation 
is proposed by accounting for the variation of α and β as 

Su = Su0

(
Tu

Tu0

)∝0+ ∝1

(

1− Pu
Pu0

)

(
Pu

Pu0

)β0+ β1

(

1− Tu
Tu0

)

(5)  

where αi and βi are the linear fit coefficients acquired from Fig. 11. For 
different equivalence ratios, the temperature/pressure exponent de-
pends on the values of coefficients α0 and α1, and β0 and β1, respectively. 
The equivalence ratio plays a role in the temperature/pressure exponent 
variation, as shown in Figs. 7 and 10. All the linear fit coefficients, along 
with the LBV values (Su0) at reference conditions (Pu = 1 atm, Tu0 = 300 
K) are listed in the attached supplementary material. 

Lowry et al. [8] proposed the expression for LBV variation as a 
function of pressure and equivalence ratio. They ignored the effect of 
temperature because the study was carried out at 298 K. There are no 
other LBV expressions reporting the variation of the LBV of ethane-air 
mixtures at different operating conditions in the literature except 
Lowry et al. [8]. 

Lowry et al. [8]: 

Su =
(
− 98.339+250.161ϕ − 141.178ϕ2)(1/Pu)

(1.161− 1.79ϕ+0.837ϕ2)

Present work:Su = Su(Tu/Tuo)
(αo+α1(1− Pu/Puo))(Pu/Puo)

(βo+β1(1− Tu/Tuo))

In the present work, an inter-dependency between the temperature 
and pressure exponent was observed. From the detailed analysis of the 
present data, a linear correlation is observed for pressure ratio (Pu/Pu0) 

Fig. 11. (a) Temperature exponent (α) variation with pressure ratio and (b) Pressure exponent (β) variation with temperature ratios of an ethane-air mixture.  
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versus temperature exponent (α) (Fig. 11 (a)) and temperature ratio (Tu/ 
Tu0) versus pressure exponent (β) (Fig. 11 (b)). Similar correlations were 
reported by Shinde et al. [22], and Varghese et al. [21] at high pressure 
and high temperature conditions. Several efforts were made to match 
the present data with other correlations reported in the literature [36]. 
However, none of the existing correlations were able to accurately 
represent the behavior of premixed hydrocarbon-air flames at high 
pressure and high temperature conditions. The correlation proposed in 
this work helped provide better insights on the flame propagation 
behavior. The variation of LBV at elevated pressure and temperature at 
stoichiometric mixture condition is shown in the supplementary mate-
rial (Fig. S2). 

3.7. Chemical kinetic analysis 

3.7.1. Sensitivity analysis 
Sensitivity coefficients help delineate the influence of different spe-

cies and reactions on the variation of the LBV. It helps evaluate the 

significance of important major reactions, initial concentrations, 
boundary conditions, and their effect on combustion emissions and the 
development of optimized combustion models [37]. The sensitivity 
analysis results are very useful for refining the comprehensive kinetic 
models by modifying/removing the reactions or species with low 
sensitivity coefficients or adding new species/reactions that have a 
major effect on the LBV. The normalized sensitivity coefficient for the 
LBV is defined in Eq. (6) as the fractional change in the mixture burning 
velocity. Sui caused by a fractional change in the rate of a specific re-
action kj [38]. 

Sens (Su, k) =
∂log Sui

∂log kj
=

kj

Sui

(
∂Sui

∂kj

)

(6)  

where Sui is the laminar burning velocity of species i and kj is the re-
action rate of reaction j. 

The sensitivity analysis of the major reactions from the Aramco mech 
1.3 [23] mechanism has been studied for the C2H6-air mixtures at 
various mixture strengths (ϕ = 0.7, 1.0, and 1.3), mixture temperatures 

Fig. 12. Normalized sensitivity analysis of ethane-air mixture at (a) 400 K, 1 atm and (b) 600 K, 5 atm.  
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of 400 and 600 K, and mixture pressures of 1 and 5 atm. 
Fig. 12a and 12b indicate the influence of 17 key elementary re-

actions out of a total of 1542 reactions on the LBV of C2H6-air mixtures 
at various mixture conditions of 1 atm 400 K, and 5 atm 600 K, 
respectively. The LBV increases due to elementary reactions with posi-
tive normalized sensitivity coefficient values and vice versa for 
elementary reactions with negative sensitivity coefficient values. At all 
mixture conditions, reactions featuring H radicals were the most highly 
sensitive, and their sensitivity enhanced with an increase in pressure and 
temperature. Due to the rise in pressure and temperature, the sensitivity 
coefficients of most of the elementary reactions increases, whereas some 
reactions become active and inactive owing to a rise in the overall 
reactivity and rate of the consumption of radicals. The chain branching 
reaction H + O2 ↔ O + OH (R1) exhibits the maximum positive sensi-
tivity coefficient across all mixture conditions, pressure, and tempera-
ture. Approximately 15 % rise in sensitivity coefficient is observed at all 
mixture conditions (ϕ), due to a rise in pressure and temperature. The 
major CO oxidation reaction, CO + OH ↔ CO2 + H (R27), generates 
heat, and an H radical enhances the sensitivity coefficient of reaction R1 
that, further increases the LBV. In addition to R27, the decomposition of 
formyl radical (HCO) via the reaction HCO + M ↔ H + CO + M (R30) is 
a substantial source of H-atoms for premixed ethane-air mixtures. The 
reactions R27 and R201 indicate a marginal increase in the sensitivity 
coefficients due to enhanced pressure and temperature conditions. The 
reactions R302, R12, and R330 become active at ϕ = 0.7, 1.0, and 1.3, 
respectively, whereas reactions R3 and R8 become inactive at ϕ = 0.7, 
and R32 at ϕ = 1.0, 1.3, owing to rise in the mixture pressure and 
temperature conditions. The chain branching reaction HCO + M ↔ H +
CO + M (R30) showed the maximum decrement in the positive sensi-
tivity across all mixture conditions, owing to the rise in the third body 
effects along with pressure and temperature. The negative sensitivity of 
the chain termination reaction CH3 + H (+M) ↔ CH4 (+M) (R127) 
enhances by nearly 52 % at rich mixture conditions (ϕ = 1.3) conditions, 

owing to an increase in the recombination of H radical and third body 
effects with pressure and temperature increment from 1 atm, 400 K to 5 
atm, 600 K. 

3.7.2. Reaction path analysis 
Reaction pathway analysis (RPA) is a useful tool for the reduction of 

the kinetic models by featuring the major and minor channels from the 
detailed mechanism. It further helps to investigate the reaction chain 
that exhibits how other species contribute to the production or con-
sumption of a selected set of species under examination. The arrow color 
or thickness indicates the strength of the flux along the pathway. The 
values on the arrow depict the net elemental flux of the C atom, and the 
shown values were normalized against the maximum net elemental flux 
in the diagram. 

The elemental flux of the C atom from species j to species k via re-
action step i can be evaluated [39] utilizing the following Eqn (7). 

Cijk =
nC,jnC,kkri

NC,i
(7)  

Cijk indicates the elemental flux of C atom from species j to species k in 
reaction i at an instance in time t, nCj, and nCk are the number of C atoms 
in species j and k respectively, kri is the reaction rate from species j to k 
for reaction i, and Nc,i is the total number of C atoms in reaction i for 
both products and reactants. The total elemental flux Cjk from species j 
to k is obtained by summing all elemental fluxes of C atom from species j 
to k. 

Reaction pathways are drawn using the Aramco mech [23] mecha-
nism with the Cantera tool [40], which uses the Graphviz [41] tool to 
generate a dot file and reaction pathway diagram. The oxidation of 
ethane starts from the H-abstraction of C2H6 by H, O, and OH radicals, 
producing the ethyl radical (C2H5), as shown in Fig. S1 (included in the 
supplementary material). The detailed oxidation diagram of the ethane- 

Fig. 13. Reaction pathway diagram of ethane-air mixture for the stoichiometric mixture condition at (a) 400 K, 1 atm and (b) 600 K, 5 atm.  
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air mixture at stoichiometric condition is included in the supplementary 
material. Fig. 13a and 13b show the reaction pathway diagram at stoi-
chiometric mixture condition of ethane and air at mixture temperature 
and pressure of 400 K, 1 atm, and 600 K, 5 atm, respectively, for the 
reactor temperature of 1800 K. A threshold value of 3 % of the maximum 
net elemental flux was chosen and only species with values greater than 
this threshold were included in the diagram. Net elemental flux of values 
greater than 30 % of the maximum net elemental flux were highlighted 
in red color and were identified as major pathway. 

The major reaction pathway for the mixture temperature of 400 K, 
and 1 atm pressure are as follows:  

CH4 → CH3 → CH2O → HCO → CO → CO2                                   (8a)  

C2H4 → C2H3 → C2H2 → HCCO → CO → CO2                                (8b) 

Whereas the significant reaction pathways for the mixture temper-
ature of 600 K and high pressure of 5 atm are as follows:  

C2H4 → C2H3 → C2H2 → HCCO → CO                                           (9a)  

CH2CHO → CH2CO → HCCO → CO                                              (9b)  

CH2O → HCO → CO                                                                     (9c) 

At high mixture temperature and pressure conditions (600 K, 5 atm), 
the reaction route CH2CHO → CH2CO exhibits higher elemental flux 
values than the threshold value and helps in the formation of ketyl 
radical, HCCO. The maximum net reduction in the elemental flux is 
observed for the reaction between the species carbon dioxide (CO2) and 
carbon monoxide (CO) by 56 % through different reactions. The 
maximum increment in elemental flux is observed from 0.056 (at 400 K, 
1 atm) to 0.139 (at 600 K, 5 atm) by ~ 150 % in the production of 
ethylene (C2H4) from ethyl radical (C2H5). The ethylene species is one of 
the prominent species in the major reaction pathway diagram (Eqn. (8b) 
and (9a). The change in elemental flux of various reactions can be seen 
in Fig. 13 (b) as compared to Fig. 13 (a) due to the simultaneous effect of 
pressure and temperature, and many reactions exhibit net elemental flux 
values lower/higher than the threshold values resulting in the absence/ 
presence in the pathway diagrams. 

4. Conclusions 

The EHDC method is utilized to evaluate the LBV of ethane-air 
mixtures for a range of mixture strength (ϕ = 0.7-1.3) at high temper-
ature (350-620 K) and high pressure (1-5 atm) conditions. The external 
heating minimizes the heat loss from the channel walls and helps to 
obtain nearly adiabatic, stabilized planar flames (due to the high aspect 
ratio of the channel) to measure the LBV at given conditions. The tem-
perature and pressure exponents are evaluated from the burning ve-
locity measurements. The present LBV measurements are in a better 
match with the existing measurements in the literature. The specific 
outcomes of the present investigation are summarized as follows.  

• The LBV is noted to enhance with the unburnt mixture temperature 
and decreases with pressure for all mixture strength (ϕ). The varia-
tion of LBV measurement follows a parabolic curve with the mixture 
strength (ϕ), along with the maximum at ϕ = 1.1.  

• The reaction mechanism predictions of Aramco mech 1.3 [23] show 
a better match with the current results for the majority of mixture 
temperature, pressure, and equivalence ratio conditions (ϕ).  

• The temperature exponent values (α) follow an inverted parabolic 
trend with the mixture conditions (ϕ), with a minimum at ϕ = 1.1. 
The variation of pressure exponent (β) with the mixture conditions 
(ϕ) is similar to the LBV, along with maxima at ϕ = 1.0.  

• The temperature exponent (α) and pressure exponent (β) increases 
linearly with the pressure ratio and temperature ratio, respectively, 
for the entire range of mixture conditions (ϕ).  

• The present work recommends a revised power-law correlation, 
indicating different behavior of temperature and pressure exponents 
as: Su = Su0(Tu/Tu0)

∝0 + ∝1(1 − Pu/Pu0)(Pu/Pu0)
β0 + β1(1 − Tu/Tu0).  

• The maximum decrement in positive sensitivity was observed for the 
chain branching reaction HCO + M ↔ H + CO + M (R30) across all 
mixture conditions, owing to the rise in the third body effects along 
with pressure and temperature. However, the negative sensitivity of 
the chain termination reaction CH3 + H (+M) ↔ CH4 (+M) (R127) 
enhances by nearly 52 % at rich mixture (ϕ = 1.3) conditions, owing 
to an increase in the recombination of H radical and third body ef-
fects with a pressure and temperature increment from 1 atm, 400 K to 
5 atm, 600 K.  

• The reaction pathway analysis observes a maximum net reduction in 
the elemental flux for the reaction between the species carbon di-
oxide (CO2) and carbon monoxide (CO) by 56 % through different 
reactions due to a rise in pressure and temperature. The maximum 
increment in elemental flux is noted from 0.056 (at 400 K, 1 atm) to 
0.139 (at 600 K, 5 atm) by ~ 150 % in the production of ethylene 
(C2H4) from ethyl radical (C2H5). 
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