
  

 

Abstract—The main aim of this study is to determine the 

effect of equivalence ratio and pressure on the formation of 

nitrogen oxides (NOx) in homogenous ignition of methane/air, 

methanol/air and methyl formate/air. A constant volume 

reactor of 200 cm3, at initial temperature of 1300 K and at 

pressure, P, ranging between 1-50 atmospheres has been 

considered. The equivalence ratios of the test mixtures have 

been varied from 0.7 to 1.3. This represents the lean-to-rich 

region which is most relevant to the conditions in an internal 

combustion engine. CH4, CH3OH and CH3OCHO flames have 

been modelled with different detailed reactions mechanisms, 

which have been modified and extended to incorporate high 

pressure oxidation reactions. Flame structures, minor species 

and NOx time histories have been plotted for the three fuels 

under different conditions. The results obtained show that the 

formation of NOx vary with pressure and equivalence ratios. 

NO mole fraction profiles and other radicals; N2, N, O, OH, CH, 

HCN, and N2O that are dominant in formation of NO have been 

compared. It is established that in homogenous system, NO 

formation is high in CH4 at lean and stoichiometric conditions 

while CH3OCHO has high NO at rich conditions for all 

pressures. At fuel lean and stoichiometric conditions, as 

pressure increase from 1 to 50 atm peak NO formed in all the 

three fuels increases. At fuel rich condition, as pressure increase 

from 1 to 50 atm peak NO formed in all the three fuels decrease. 

High concentration of N2, O, OH and high temperatures 

observed in all flames indicate that Zel’dovich mechanism is the 

main NO formation route in a homogenous reactor. 

 
Index Terms—Methane, methanol, methyl formate, nitric 

oxide, homogenous system. 

 

I. INTRODUCTION 

The reduction in fossil fuel reserves and the need to reduce 

environmental pollution has promoted the development of 

renewable and alternative fuels. Biodiesel fuels (methyl 

esters fuels) has been investigated as alternative 

transportation fuels because of their ability to reduce the 

emissions of CO, particulate matter and unburnt 

hydrocarbons as noted by Basha and Gopal [1]. Liu et al. [2], 

showed that biodiesel fuels give higher thermal efficiencies 

than diesel at various engine speeds. Biodiesel fuels typically 

contain about 10-15 % or greater oxygen content by mass. 

The presence of oxygen atom in the structure of the biodiesel 

fuels makes the fuel to burn more efficiently with reduced 

emissions of soot, unburnt hydrocarbons and carbon 
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monoxide as noted by Ekarong [3]. However, as noted by 

Michael et al. [4] and Magin et al. [5], combustion of 

biodiesel fuels produces more nitrogen oxides (NOx) 

compared to fossil fuels. NOx are pollutants whose reduction 

is a major issue in the design of combustion devices. The 

purpose of the study reported herein is to determine the NOx 

formation mechanism in in homogenous premixed 

combustion of esters. 

Biodiesel is produced from vegetable oils through a 

transesterification process. The alcohol commonly used in 

this process is methanol. For this reason, most common 

bio-diesel fuels are methyl-esters. Typical biodiesel consists 

of mixtures of saturated and unsaturated long-chain fatty acid 

methyl-esters with 1520 or more carbon atoms in their alkyl 

chain. The chemical kinetics involved in combustion of these 

large ester species are complex due to the formation of many 

intermediate species. This makes the computations involved 

during kinetic modeling of real fuels more difficult to analyze. 

Hence, fuels of simpler chemical structure, referred to as 

surrogate fuels, are used to approximate or represent 

processes involved in the combustion of these real fuels, as 

reported by Dooley et al. [6], [7] and Francisco [8]. In this 

regard, esters with a low number of carbon atoms are adopted 

as surrogate fuels. The simpler structure is amenable to more 

detailed chemical kinetics study. 

To this end, methyl formate (CH3OCHO), the smallest 

methyl ester molecule, is well suited for the studies of esters 

and hence biodiesel. In this regard, also, methane (CH4) is a 

suitable representative of fossil fuels, viz., hydrocarbon fuels 

for the purpose of determining the influence of oxygenation 

on NOx formation. Methanol (CH3OH) chemical species 

appears quite prominently in the CH3OCHO detailed 

chemical kinetics. Furthermore, it is used in 

transesterification and has one carbon chemical structure 

comparable to that of methyl formate and methane. There is a 

lot of data, experimental, theoretical and numerical, on 

oxidation of CH4 and CH3OH and this provides a good basis 

for further studies incorporating NOx formation mechanism, 

and for validating the solution obtained in new studies. 

CH3OCHO has been a subject of various experimental and 

kinetic modeling studies that have mainly focused on 

decomposition pathway, development of kinetic modeling 

parameters and species formation. Dooley et al. [6] reported 

a detailed oxidation mechanism of methyl formate. This 

mechanism is based on experimental data obtained from flow 

reactor studies, shock tube ignition delays and laminar 

burning velocity. Dooley et al. [7] have also reported 

oxidation of methyl formate in a series of burner stabilized 

laminar flames at low-pressures of 0.03-0.04 bar and fuel-air 
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equivalence ratios from 1.0 to 1.8. The kinetic mechanism 

did not incorporate NOx formation. 

A. Combustion Kinetics at High Pressures 

Most combustion chemistry studies have focused on 

normal pressures, viz., 1 atmosphere, much lower than the 

typical pressure range of 20-50 atm experienced in internal 

combustion engines. Thus, better insight of the NOx 

formation may be obtained by simulating combustion at these 

higher pressures. This requires the knowledge of high 

pressure rate constants and/or the dependence of rate 

constants on pressure. 

According to Dooley et al. [6], the computation of the high 

pressure rate constant, the dependence of rate constant on 

pressure and the determination of collision energy transfer 

parameter are the major uncertainties in kinetic modeling of 

methyl formate flames. Either Quantum-Rice-Ramsperger 

Kassel (QRRK) or Rice-Ramsperger-Kassel-Markus 

(RRKM) theory (Dooley et al. [6]) may be applied to 

estimate the rate constant at higher pressure combustion. 

Metcalfe et al. [9] computed pressure-dependent rate 

constants for methyl formate decomposition using 

Rice-Ramsperger-Kassel-Markus (RRKM) theory. Dooley et 

al. [6] evaluated the performance of QRRK and RRKM high 

pressure rate constants for the major methyl formate 

decomposition channel, CH3OCHO<=>CH3OH+CO 

against methanol measurement and observed that the QRRK 

rate parameters give peak methanol values that are very close 

to the peak experimental values. 

Oxidation of methane at high pressures has been 

investigated by various researchers Hunter et al. [10], 

Petersen et al. [11], Sibendu et al. [12] and Curran [13]. 

Thomsen et al. [14], modeled NO formation in premixed, 

high-pressure methane flames and showed that GRI-Mech 

2.11 mechanism is not suitable for the quantitative prediction 

of NO concentrations in rich, premixed flames. Sibendu et al. 

[12] used three different mechanisms namely GRI-Mech 2.11, 

GRI-Mech 3.0 and the San Diego mechanism to investigate 

the effect of pressure on flame structure. At normal pressures, 

there was agreement for all the mechanisms between the 

simulations and the experiments. However, beyond a critical 

pressure of 11 bar, the structure and temperature profiles of 

the premixed flame changed significantly [12]. Rozenchan et 

al. [15], reported numerical and experimental investigation 

of laminar burning velocities and chemical effects of 

methane/oxidizer flames up to 60 atm. Simulations using 

GRI-Mech 3.0 in this case showed satisfactory agreement 

with experimental data up to 20 atm and moderate deviation 

for pressures above 40 atm. Petersen et al. [11] investigated 

methane/oxygen ignition at elevated pressures (40-260 atm) 

and intermediate temperatures (1040-1500 K) and various 

equivalence ratios. Reactions involving HO2, CH3O2 and 

H2O2 were identified as major reactions needed to model 

methane oxidation at conditions of high pressure and 

intermediate temperatures. 

Methanol is an oxygenated fuel which is also one of the 

alcohol currently used as alternative fuels or as additives to 

transportation fuels to improve performance. Held and Dryer 

[16] developed a comprehensive detailed mechanism for 

methanol oxidation. This mechanism has been validated 

against multiple experimental data sets: flow reactor, static 

reactor, shock tube, premixed flame experiments and counter 

flow diffusion flames. The mechanism covers conditions of 

temperature from 633 to 2050 K, pressure from 0.26 to 20 

atm and equivalence ratios from 0.05 to 2.6. In Sheng et al. 

[17], the pressure and temperature dependent rate constants 

were obtained by utilizing QRRK theory over a pressure 

range of 0.01-100 atm and temperature range of 250-2500 K. 

B. Chemical Kinetics of NOx Formation 

Nitrogen oxides NOx are composed of nitric oxide, NO 

and nitrogen dioxide NO2. The four main routes of NO 

formation in combustion processes are Zel’dovich 

mechanism (thermo NO), N2O route, prompt-NO and Fuel 

Bound Nitrogen (FBN). Thermo NO is formed in high 

temperature flame regions through extended Zel’dovich 

mechanism which is shown below. 

 

N2 + O ↔ NO                                       (1) 

 

N + O ↔ NO + O  and                               (2) 

 

N + OH ↔ NO + H                                 (3) 

 

Prompt-NO is formed at low temperature flame front 

regions due to the presence of CH radicals. The CH radical 

reacts with molecular nitrogen according to Eq. (4). The 

nitrogen generated from this mechanism proceeds to form 

NO through Eq. (2) and Eq. (3). 

 

CH + N2 ↔ HCN + N,                              (4) 

 

NO production through N2O route occurs through the free 

body recombination reactions, Eq. (5), under the conditions 

of high pressures. 

 

N2 + O + M ↔ N2O + M,                          (5) 

 

where M is an energy carrier. The N2O formed in Eq. (5) 

reacts with O to form NO through Eq. (6). 

 

N2O + O ↔ NO + NO,                             (6) 

 

Combustion of fuels that contain nitrogen results in 

formation of NOx. Most fuels used in internal combustion 

engines contains contain very little or no Fuel Bound 

Nitrogen, as noted by DeCorso and Clark [18], and hence, 

Fuel NOx is neglected in this work. 

In Kioni et al. [19], kinetic modeling study of NO 

formation in methyl formate flames in freely propagating 

flames, homogenous system and counter flow diffusion 

flames at low pressures, 1 bar, and equivalence ratio of 1 

showed low NO formation in this fuel when compared to the 

case of methane/air and methanol/air in all the three flow 

configurations. This is not in agreement with prior 

experimental investigations by Rao [20] and Gerhard et al. 

[21] that have reported high NO formation in biodiesel. In 

this work, the effect of pressure φ on the formation of NO in 

homogenous system of CH3OCHO is investigated. The 

results obtained are compared with those of methane and 

methanol under the same conditions. This is important 
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because combustion in diesel engines occurs at high 

pressures, high temperatures and at various fuel-air 

equivalence ratios. 

This paper is presented in four sections. Following this 

introduction is the modelling which covers the mathematical 

problem, the reaction equations and kinetics; and the solution 

method. Next is the results and discussion section which is 

followed by conclusions. 

 

II. NUMERICAL MODELING 

The experimental conditions behind the reflected shock 

wave are modeled as constant volume and homogenous 

adiabatic mixture with constant internal energy. Thus, 

ignition in a shock tube is simulated as zero-space dimension 

homogenous system as shown in Fig. 1. The time which we 

denote by t is the only independent variable in a transient 

homogenous system.  

 

 
Fig. 1. Perfectly mixed homogenous reactor. 

 

The simulation of transient zero-spatial dimensional 

system requires solution of the partial differential equations 

for conservation of energy, chemical species and the equation 

of state. The full set of these equations is presented below. 

However, details on the derivations are omitted as they are 

available in a number of literature sources; for example, 

Turns [22] and Williams [23].  

 Species conservation equation 

 

𝜌
𝑑𝑌𝑘

𝑑𝑡
= 𝑤1                                  (7) 

 

 Energy conservation equation 
 

𝑐𝜐𝜌
𝑑𝑇

𝑑𝑡
+ 

𝑃

𝑉

𝑑𝑉

𝑑𝑡
= − ∑ 𝜇𝑖

𝑁

𝑖=1

𝑤𝑖 +  
𝑄

𝑉
                 (8) 

 

where 𝑐𝑣  is specific heat at constant volume given by 

𝑐𝑣 = ∑ 𝑌𝑖
𝑁
𝑖=1 𝑐𝑣𝑖

,  

 Equation of state 

 

𝑃 =  𝜌𝑅𝑇 ∑ (
𝑌𝑖

𝑊𝑖

)

𝑁

𝑖=1

.                               (9) 

 

In Eqs. (7) -(9), V is the instantaneous reactor volume, and 

Q is the rate of heat transfer across the walls of the reactor. 

The volume V of the reactor in this case is given. Therefore, 

pressure P is a time dependent quantity to be determined as 

part of the solution. where k = cp/Cv. Equations (7), (8) and 

(10) are solved numerically for given initial values of T, P, Yi, 

for i=1,...,N. 

A. Initial and Boundary Conditions 

In this work, the numerical simulations for methane/air, 

methanol/air and methyl formate/air flames are for the 

following conditions: A constant volume of 200 cm3, at 

initial temperature of 1300 K and at pressure, P, ranging 

between 1-50 atmospheres. The equivalence ratios of the test 

mixtures have been varied from 0.7 to 1.3. This represents the 

lean-to-rich region which is most relevant to the conditions in 

an internal combustion engine. 

 
TABLE I: ADDITIONAL REACTIONS FOR METHANE SYSTEM AT HIGH-PRESSURES (HUNTER ET AL. 1994, PETERSEN ET AL. 1999). 
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TABLE II: HIGH-PRESSURE LIMIT RATE COEffiCIENTS FOR THE CH3OH AND CH3OCHO (SHENG ET AL. 2002) 

 
 

B. Numerical Solution Method 

The numerical solution method for the governing 

equations, and determination of transport and 

thermodynamics data are provided by Rogg [23]. The 

numerical solution for the governing equations is 

implemented in RUN1Dl code in COSILAB software 

package [24]. 

C. Chemical Kinetics 

The reaction mechanism for methane is the GRI-3.0 

reaction mechanism [25] which is then modified and 

extended using additional reactions given in Curran [14] and 

Petersen et al. [12] so as to cover the methane oxidation at 

high pressures. The latter additional reaction equations are 

presented in Table I. Methanol flames are computed using a 

comprehensive mechanism by Held and Dryer [17] 

combined with Leeds NOx oxidation mechanism. The 

mechanism has also been modified and extended with high 

pressure rate coefficients reported by Sheng et al. [18] and 

herein given in Table II. Finally, methyl formate flames 

reaction mechanism is that reported by the Dooley et al. [6] 

combined with the Leeds NOx mechanism. It is further 

modified with QRRK high pressure rate parameters for the 

major decomposition channel, CH3OCHO=CH3OH+CO as 

proposed by Dooley et al. [7]. This mechanism incorporates 

high pressure rate coefficients for methanol mechanism given 

in Table II. 

 

III.  RESULTS AND DISCUSSIONS 

The temperature profiles for the three fuel/air mixtures at 1 

and 50 atm for equivalence ratios 0.7 and 1.3 are shown in 

Fig. 2 and Fig. 3. The figures show that temperature increases 

with increase in pressure at the three equivalence ratios; for 

instance, at 𝜙 = 1.3 the peak temperatures for 1 atm case in 

methane, methanol and methyl formate are 2890 K, 2870 K 

and 2860 K. When, the pressure is increased to 50 atm, the 

corresponding peak pressures for methane, methanol and 

methyl formate are 3160 K, 3150 K and 3160 K. This 

represents a percentage increase of 9.34 %, 9.75 % and 

10.48 % in methane, methanol and methyl formate 

respectively. The increase in temperature with pressure is 

attributed to the fact that temperature and pressure are 

proportional as specified in the equation of state.  

Comparison of temperature profiles and other species 

concentration profiles for methane, methanol and methyl 

formate for the homogenous case shows that methane 

profiles lag behind those of methanol and methyl formate. 

This is because methane has longer ignition delay, hence, 

methane/air reaction takes a longer time to start. Figures 4, 5 

and 6 are the species concentration profiles for NO at 

pressures of 1 and 50 atmospheres for equivalence ratios of 

0.7, 1.0 and 1.3 respectively. The figures show that NO 

formation in the three fuels vary with pressure and 

equivalence ratio. At φ = 0.7, increase in pressure from 1 to 

50 atm increases peak NO formation by 25.3 %, 30 % and 

30.3 % in CH4, CH3OH and CH3OCHO respectively. While 

at φ =1.0, the corresponding percentage increase in NO 

formation are 8.1 %, 13.77 % and 15 %. At φ = 1.3, increase 

in pressure from 1 to 50 atm results to a percentage decrease 

of 40.7 %, 27.47 % and 19.5 % respectively in CH4, CH3OH 

and CH3OCHO. 

 

 
Fig. 2. CH4/air, CH3OH/air and CH3OCHO/air shock tube temperature profiles (𝜙 = 0.7). 

Journal of Clean Energy Technologies, Vol. 6, No. 1, January 2018

59



  

 
Fig. 3. CH4/air, CH3OH/air and CH3OCHO/air shock tube temperature profiles (𝜙 = 1.3). 

 

Fig. 4-Fig. 6 also show that more NO formation is 

observed at φ = 0.7 for all the three fuels when compared to 

NO formation at φ = 1.0 and φ = 1.3. For instance, at 50 atm, 

CH3OCHO produces approximately 17200, 11200 and 500 

ppm moles of NO at φ = 0.7, 1.0 and 1.3 respectively. 

Comparison of NO formation in CH4, CH3OH and 

CH3OCHO show that CH4 produces more NO at φ = 0.7 and 

φ = 1.0 at 1 atm and 50 atm compared NO formation CH3O 

and CH3OCHO. On the other hand, CH3OCHO produces 

more NO at φ = 1.3 as shown in Fig. 6. For instance, at φ = 

1.3 and 50 atm, CH4, CH3OH and CH3OCHO produces 3200, 

3500 and 4900 ppm moles of NO. The difference in 

formation of NO in CH4, CH3OH and CH3OCHO at the 

various equivalence ratios and pressures is attributed to the 

differences in evolution of the various species that affect 

formation of NO.  

 

 
Fig. 4. NO concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures (𝜙 = 0.7). 

 

 
Fig. 5. NO concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures (ϕ = 0.7). 
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Fig. 6. NO concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures (𝜙 = 1.3). 

 

Fig. 7 presents the variation of N2 with equivalence ratio 

for the three test fuels. The N2 mole fraction profiles at 1 atm 

are high in CH4 when compared to CH3OH and CH3OCHO. 

This is expected since the chemically bonded oxygen 

molecules in CH3OH and CH3OCHO lowers the amount of 

air required during their combustion. Methane being an 

un-oxygenated fuel requires more air and hence nitrogen 

molecules. Fig. 7 also shows a decrease of N2 with 

equivalence ratio which is attributed to the reduction in 

oxidizer (air) as fuel-air equivalence ratio increases. N2 is an 

important species in the formation of NO, N2O and other 

N-related species; this explains the reduction in N2 with time 

in all the three fuels. 

 

 
Fig. 7. N2 concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at 1 atm. 

 

Comparison of N radical formation at equivalence ratios of 

0.7 and 1.3 shows more N radicals are formed at rich 

condition than at lean conditions for all the pressures 

considered as shown in Fig. 8 and Fig. 9. Methane has 

slightly less N as compared to methanol and methyl formate. 

Fig. 8 and Fig. 9 also show that at φ=0.7 an increase in 

pressure from 1 atm to 50 atm decreases in peak N formation 

by 20.68 %, 15.38 % and 19.5 % in methane, methanol and 

methyl formate respectively. This is also the case with φ=1.0 

and φ=1.3. N is an important species in the formation of NO 

through Zel’dovich reactions; N+O2→NO+O and 

N+OH→NO+H. From these reactions O and OH radicals are 

also important species in the formation of NO. Fig. 10 and 

Fig. 11, show the variation of mole fraction profiles of CH4, 

CH3OH and CH3OCHO with time at φ = 0.7 and φ =1.3. Fig. 

10 and Fig. 11 show high formation of O radicals for all the 

fuels and cases considered. For instance, at 1 atm, over 8000 

ppm of O is observed for all the equivalence ratios. 

The OH radical’s concentration profiles at φ = 0.7 and φ 
=1.3 are shown in Fig. 12 and Fig. 13. These figures show 

high formation of OH-radicals in the three fuels. For instance, 

at φ = 0.7 over 10000 ppm of OH radicals are formed atm 1 

atm and 50 atm in the three fuels. Fig. 10 and Fig. 13 show 

that formation of O and OH radicals increases rapidly after 

the onset of the reaction, reaches a peak value and then 

decreases gradually. The reduction is attributed to 

consumption these radicals in supporting other reaction 

among them the Zel’dovich reactions N+O2→NO+O and 

N+OH→NO+H. 
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Fig. 8. N concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at 1 atm. 

 

 
Fig. 9. N concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at 50 atm. 

 

 
Fig. 10. O concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at (𝜙 = 0.7). 

 

The formation of NO through prompt NO route is initiated 

through, CH+N2→HCN+N. The N radical formed reacts with 

O2 and OH radical to form NO through, N+O2→NO+O and 

N+OH→NO+H. According to these figures, low levels of CH 

radical’s production is noted in the three fuels in all the test 

conditions. Also, Fig. 14 and Fig. 15 show that methane 

produces over 10 times more CH radicals when compared to 

methanol and methyl formate. This shows that the 

contribution of Prompt route to the total NO formed in more 

in methane as compared to the case of methanol and methyl 

formate. 
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Fig. 11. O concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at (𝜙 = 1.3). 

 

 
Fig. 12. OH concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at (𝜙 = 0.7). 

 

 
Fig. 13. OH concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at (𝜙 = 1.3). 

 

The effect of pressure in NO formation is seen through 

N2O route of NO production; N2+O+M→N2O+M is the rate 

determining step for N2O-route. This reaction occurs at 

conditions of high pressure. N2O is produced in relatively 

small amounts at low and high pressure in the three fuels as 

shown in Fig. 16 and Fig. 17. Equilibrium concentration of 

N2O occurs at different points in time due to the variation in 

ignition delay time. N2O is initially high in methanol and 

methyl formate and decreases with time due to consumption 

through the following reactions; N2O+O→NO+NO, 

N2O+H→N2+OH, and N2O+OH→N2+HO2. 
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Fig. 14. CH concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at 1 atm. 

 

 
Fig. 15. CH concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air mixtures at 50 atm. 

 

 
Fig. 16. N2O concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air at 1 and 50 atm (𝜙 = 0.7). 

 

The comparison of N2, O, OH, N, CH and N2O mole 

fractions for methane, methyl formate and methanol shows 

that contribution of prompt NO and N2O-route to the total 

NO formed is negligible because of the low concentration of 

CH, N, and N2O mole fractions. The high concentration N2, 

O, and OH radicals coupled with the high temperatures of 

over 2700 K observed in a homogenous system implies that 

Zel’dovich mechanism is the main NO formation route in a 

homogenous reactor. Methyl formate has the highest N, O 

and OH radical’s concentration profiles at equivalence ratio 

of 1.3. Hence, the high NO formation in methyl formate at 

equivalence ratio of 1.3 is attributed to Zel’dovich reactions. 

These, investigations are consistent with earlier experimental 

investigations by Wang et al. [27] and Sze et al. [28] that 
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showed NO formation in engines fueled with biodiesel 

decreases slightly at low loads but increases at higher loads 

when engine is running at full throttle, hence more fuel. 

 

 
Fig. 17. N2O concentration profiles for CH4/air, CH3OH/air and CH3OCHO/air at 1 and 50 atm (𝜙 = 1.3). 

IV.  CONCLUSIONS 

Numerical study of NOx in homogenous ignition of 

CH4/air, CH3OH/air and CH3OCHO/air mixtures have been 

investigated at equivalent ratios of 0.7, 1.0, and 1.3 and at 

pressures of 1 and 50 atm. The simulations are based on 

modified detailed chemical kinetics to address the variation 

in reaction rate constants at high pressure and to incorporate 

NOx formation mechanisms. It is established that in 

homogenous system, NO formation is high in CH4 at lean and 

stoichiometric conditions while CH3OCHO has high NO at 

rich conditions for all pressures. The high concentration of 

NO in methane at lean and stoichiometric conditions is 

attributed to the reaction N2+O→NO+N, because of high 

concentration of nitrogen molecules in methane/air flame. 

More NO is formed in methyl formate flame at rich 

conditions through the reactions, N+O2→NO+O and 

N+OH→NO+H, because of the high concentration of N, O 

and OH radicals. Comparison of N2, CH and N2O mole 

fractions for the three flames for all the pressures and 

equivalence ratios considered has shown that the Zel’dovich 

mechanism is the main NO formation route in a homogenous 

reactor. The sensitivity analysis of the three fuels has shown 

similar sensitive reactions in oxygenated fuels, methanol and 

methyl formate because they have similar reaction paths. 

In this work, methyl formate (CH3OCHO), the simplest 

methyl ester has been used to represent biodiesel. Future 

research work should focus on using a surrogate fuel with 

high molecular mass and long chain length such as methyl 

decanoate (C5H10O2) in order to investigate the effect of 

molecular structure and carbon chain length on the formation 

of NO in ester fuels. 
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