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Abstract: The primary focus of this work is to examine the differential diffusion effect for flames fueled by H2/NH3. For 

a non-premixed turbulent flame, two Direct Numerical Simulations (DNS) have been implemented in two-dimensional 

domain, one is considering the differential diffusion (DD) of each species pair and the other assumes Unity Lewis Number 

(ULN). Two Flamelet libraries are created based on ULN and Mixture Averaged Diffusion (MAD) assumptions, they are 

validated through priori tests based on the DNS results. Significant difference between the two DNS cases, the DD case 

is more resistible for quenching than ULN case, meaning ULN assumption for DNS is not suitable. Furthermore, 

significant variations in the chemistry states are also evident in ULN library results, suggesting that differential diffusion 

should be considered in the Flamelet model, additionally, equal diffusivities is inappropriate for an H2/NH3-fueled flame, 

while MAD library exhibits more consistent chemistry states with the DD DNS. 

 

Keywords: Differential diffusion, Ammonia, Hydrogen, Flamelet progress variable model 
 

1 INTRODUCTION  

For the foreseeable future, burning fossil fuels and 

renewable energy sources will likely continue to be the 

primary methods of energy production. This reliance is 

central to the climate change conversation because it 

significantly contributes to greenhouse gas emissions. 

Hydrogen is considered a viable alternative for achieving 

a zero-carbon-emission society, but significant 

advancements are still needed for its large-scale storage 

and transportation. 

In this context, ammonia has garnered significant 

attention due to its advantageous chemical properties and 

substantial economic potential. It has a low condensation 

pressure, a relatively high boiling point, and a higher 

volumetric energy density (MJ/L) compared to liquid 

hydrogen and batteries, making it suitable for energy 

storage and transport [1]. Established methods for 

ammonia production, storage, and transportation can be 

utilized without significant new investments, and its 

potential applications are enhanced by its flexibility and 

versatility [2]. 

The International Energy Association ranks ammonia 

among the most attractive fuels, a view supported by 

Japanese energy organizations, which list it as one of the 

top three promising energy carriers. However, ammonia's 

low flammability presents challenges for combustion, on 

the other hand, one possible solution is blending 

ammonia with hydrogen, because it enhances flame 

stability while maintaining carbon-free combustion. 

Additionally, the hydrogen required for cofiring can be 

produced locally using a catalyst to decompose ammonia 

into hydrogen and nitrogen, yielding a 3:1 volume ratio 

of hydrogen 𝑋𝐻2
 to nitrogen 𝑋𝑁2

. Furthermore, cofiring 

is considered one of the ways to enhance the combustion 

characteristics of low grade fuels or fuel with low 

reactivity [3-5]. 

The Hydrogen (H₂) combustion as a renewable fuel for 

achieving zero carbon emissions in engines [6]. Effective 

modeling of H₂ combustion requires understanding 

differential diffusion (DD) due to hydrogen's high 

diffusivity. Unlike hydrocarbon fuels, DD effects cannot 

be ignored in hydrogen combustion. This study simulates 

turbulent hydrogen jet flames, with and without DD, and 

compares them with laminar Flamelet solutions. It 

examines the suitability of classical and Bigler’s mixture 

fraction 𝑍  and 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  for non-premixed turbulent 

combustion modeling. Results show that 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  better 

captures DD effects and mitigates tangential diffusion 

(TD). DD influences flame through thermal, chemical, 

and transport effects. Despite suppressed transport 

effects, significant chemical and thermal effects of DD 

persist, indicating the conventional DD parameter may 

not fully characterize DD effects in turbulent non-

premixed flames. 

Although ammonia oxidation chemistry is complex, 

DNS is a powerful tool for understanding ammonia-

based flames. However, due to the complexity of 

combustion processes, these simulations can be 

expensive to run. Flamelet/Progress Variable (FPV) 

models offer a solution by handling complex 

mechanisms with reasonable computational costs. 

Instead of directly modeling the unclosed chemical 

source terms and solving transport equations for each 

species in a typical chemical mechanism, the FPV model 

uses an indirect mapping approach. This approach maps 

all complex chemical processes to a simplified system of 

tracking scalars, reducing it to just two key variables: a 

progress variable, which measures the global extent of 

the local mixture's reaction, and the mixture fraction, 

which tracks the mixing of fuel and oxidizer [7]. 

Therefore, the scalars must be tabulated based on the 

mixture fraction and progress variable to form a Flamelet 

library. This library is then used during the FPV approach 

simulations. 

However, the Flamelet equations make certain 

assumptions regarding the diffusivities of reacting 

species. One common assumption is the Unity Lewis 

Number (ULN), which implies that all species' 

diffusivities are equal to the thermal diffusivity. Another 

assumption is a Mixture Averaged Diffusion (MAD) for 

each species, indicating that the diffusivity of each 

species into all others is averaged into only one value. 

These assumptions overlook the detailed binary diffusion
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 between individual species pairs. This oversight may be 

particularly problematic in the presence of hydrogen, 

which has a high diffusivity and significantly alters the 

diffusion behavior of all species in the flow field. 

Therefore, understanding the effect of differential 

diffusion in Flamelet-based models is essential.  

This study aims to investigate the differential diffusion 

(DD) effect by conducting two Direct Numerical 

Simulations (DNS). One simulation considers DD, while 

the other assumes unity Lewis number (ULN), which is 

valid for most hydrocarbons due to their diffusivities 

being close to thermal diffusivity, though this is not the 

case for hydrogen. Furthermore, the DNS results are 

compared with predictions from Flamelet models based 

on ULN and MAD assumptions to evaluate the suitability 

of these assumptions in Flamelet-based approaches. 

Additionally, this study investigates the effect of the 

mixture fraction definition on estimating the location of 

the flame front. 

2 NUMERICAL SETUP 

2.1 Solved Equations 

In this work, two DNS cases have been computed. The 

Differential Diffusion (DD) case solves the transport 

equations (1–4, 9), as well as the Stefan-Maxwell 

equation (6), which considers the binary diffusion for 

each species pair [8]. On the other hand, the ULN case 

solves the transport equations (1, 2, 7, 8, 9). Both cases 

solve the ideal gas equation of state (5). 

In equations (1-9), the subscripts 𝑖 and 𝑗 denote spatial 

directions, while 𝑘 and 𝑙 indicate species. The variables 

are defined as follows: 𝑢 represents bulk velocity, 𝜌 is 

density, 𝑥 denotes spatial distance, 𝜏 is shear stress, ℎ 

stands for enthalpy, 𝑃 represents pressure, 𝑌 is species 

mass fraction, 𝑋 is species mole fraction, 𝜔̇𝑘 is the net 

production rate of species 𝑘 , 𝑉 represents diffusion 

velocity, 𝑁𝑠 is the number of species, 𝑍 is the mixture 

fraction, and 𝛼𝑡ℎ is thermal diffusivity. 

The basic governing equations solved are the 

conservation of mass, momentum, energy, and mass 

fractions of chemical species.  

In addition, a transport equation for the mixture fraction 

(Z) is solved, with the Lewis number set to unity [9], as 

shown in equation (9). The progress variable (C) is 

computed by summing the mass fractions of H2 and H2O. 

Based on Z and C from the DNS, the chemistry states in 

the Flamelet library with ULN or MAD can be mapped. 
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2.2 Initial and boundary Conditions 

A temporally evolving non-premixed planar turbulent jet 

flame is computed in the present DNSs. The 

configuration is equivalent to a square domain with a 2D 

isotropic turbulence field superimposed over a fuel stripe 

that is surrounded by air in two dimensions. An isotropic, 

homogeneous turbulent kinetic energy spectrum is used 

to initialize the turbulent field [8], [10]. In this spectrum, 

the integral length scale 𝐿11 is 0.6 mm, and the fuel core 

fluctuates at a rate of 8 m/s, as shown in Figure 1 (a) and 

(b).  

 

Figure 1 Initial distribution of the velocity’s components (a & b) and the mixture fraction (c) 

191



 

 

 

Table 1 The investigation program 

Case 

No. 
Type 

DNS’s Diffusion 

Model 

Flamelet Library’s 

diffusion model 

Mixture fraction used 

for mapping 

Mixture fraction used to 

estimate flame front 

1 DNS DD - - 𝑍𝑈𝐿𝑁, 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  

2 DNS ULN - - 𝑍𝑈𝐿𝑁, 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  

3 Mapped - ULN 𝑍𝑈𝐿𝑁 - 

4 Mapped - ULN 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  - 

5 Mapped - MAD 𝑍𝑈𝐿𝑁 - 

6 Mapped - MAD 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  - 

The initial fuel stripe thickness 𝐻𝑜 is 1.8 mm, with mean 

velocity of 80 m/s while the surrounding air has the same 

mean velocity in the opposite direction; i.e., 𝑢𝑜,𝑎𝑖𝑟̅̅ ̅̅ ̅̅ ̅ =

−𝑢𝑜,𝑓𝑢𝑒𝑙̅̅ ̅̅ ̅̅ ̅̅ = 80 𝑚/𝑠, the relative velocity Δ𝑈𝑜 = 𝑢𝑜,𝑎𝑖𝑟̅̅ ̅̅ ̅̅ ̅ −

𝑢𝑜,𝑓𝑢𝑒𝑙̅̅ ̅̅ ̅̅ ̅̅  =160 m/s. 

The initial distribution of temperature and mass fractions 

is obtained from the MAD Flamelet library. By 

extracting the Flamelet solution of the highest scalar 

dissipation rate just before the extinction from the library, 

meaning that a solution with only one independent 

variable, the mixture fraction, is obtained. 

This mixture fraction is then used to determine the rest of 

the scalar values. Therefore, once the mixture fraction 

distribution is initialized, the remaining scalar values can 

be derived. The mixture fraction is initialized as shown 

in Figure 1 (c). 

The computational domain consists of uniform grid 

points measuring 25 µm in size, with 1008 horizontal and 

864 vertical grid points. 

Furthermore, as shown in Figure 1, the distribution of 

velocity and mixture fraction exhibits a gradual transition 

from the fuel side to the air side. This smooth transition  

is crucial for numerical stability and convergence, 

achieved by using the tanh hyperbolic function to ensure 

a smooth distribution of the mixture fraction and the rest 

of the scalars. This overall initialization is obtained from 

Hawks et al. [11]. 

2.3 Fuel Composition 

The fuel stream is composed of NH3, H2, and N2 with 

respective volume fractions of 40%, 45%, and 15%. This 

composition results from mixing two streams: the first 

stream contains 57% of the main ammonia stream, while 

the second stream consists of the remaining 43% of the 

main ammonia, decomposed into hydrogen and nitrogen. 

2.4 The FK3 solver 

FK3 is an in-lab code used in DNS [12]. This code utilizes 

the fractional-step algorithm to implement a pressure-

based semi-implicit solver. To preserve accuracy, spatial 

derivatives for convection terms in the momentum 

equation are estimated using a fourth-order central 

difference scheme. Scalar calculations are performed 

using a fifth-order Weighted Essentially Non-Oscillatory 

(WENO5) scheme in the meantime. A second-order 

central difference scheme is used to discretize diffusive 

terms and a fourth-order central difference scheme is 

used to evaluate the spatial derivatives of the stress tensor. 

The third-order explicit TVD (Total Variation 

Diminishing) Runge-Kutta method is used for time 

integration for convection terms. The Variable-

coefficient Ordinary Differential Equation (VODE) 

approach is used to compute the ordinary differential 

equations for the detailed chemistry mechanism. 

 

𝑍 =

𝑍𝐶

𝜈𝐶𝑊𝐶
+

𝑍𝐻

𝜈𝐻𝑊𝐻
+ 2

(𝑍𝑂,2 − 𝑍𝑂)
𝜈𝑂𝑊𝑂  

𝑍𝐶,1

𝜈𝐶 𝑊𝐶
+

𝑍𝐻,1

𝜈𝐻𝑊𝐻
+ 2

𝑍𝑂,2

𝜈𝑂𝑊𝑂

 (10) 

2.5 Mixture Fraction Definitions 

The mixture fraction used in this study is defined in two 

ways. The first is the transport equation based on the 

ULN assumption, see equation (9). The second uses 

Bilger’s definition, see equation (10) [9], where ZC, ZH, 

Figure 2 Temperature contours for cases 1 (left) and 2 (right). The isolines represent stoichiometric mixture fraction, 

white for Bilger’s definition and black for ULN definition. 
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and ZO are the elemental mass fractions of carbon, 

hydrogen, and oxygen, respectively. Furthermore, 1 and 

2 represent fuel and air streams respectively. 

3 RESULTS AND DISCUSSION  

This section is divided into two main parts, the first part 

(3.1, 3.2 and 3.3) is to investigate the results of DNS 

cases 1 and 2. The second part (3.4) tests the Flamelet 

libraries by comparing their mapped results (cases 3-6), 

with the DNS case number 1, as explained in Table 1. All 

the data shown in this section are obtained at a time equal 

to 22.2 of the reference time 𝑡𝑟𝑒𝑓 = 𝐻𝑂/Δ𝑈𝑂 , at which 

the turbulence field is completely independent of the 

initial one. 

3.1 Flame Front Location 

The flame front location is in the vicinity of the 

stoichiometric mixture fraction, so it is reasonable to 

approximate its location to be at 𝑍𝑠𝑡 . According to the 

two definitions used in this study, the mixture fraction 

fields differ for the same case. Although the contours of 

the mixture fraction based on these two definitions are 

nearly identical, some differences appear at mixture 

fraction values near the stoichiometric one, as shown in 

Figure 2 for both case 1 (DD DNS case) and case 2 (ULN 

DNS case), especially at high-temperature regions. 

 

The deviation is strong in case 1 where the Fickian 

diffusion is considered, while it’s weak in case 2 where 

ULN is assumed. However, it’s notable that at high-

temperature regions the deviation notably increases in the 

case 2 as well. 

To investigate the flame front location more accurately, 

the temperature maxima distribution could be used for 

this purpose as shown in Figure 3. In case 1, the 

distribution differs significantly based on the way of 

defining the mixture fraction unlike case 2, as it’s also 

observed in Figure 2. Nevertheless, regarding case 1, 

Figure 3 shows that the highest maximum based on 

𝑍𝐵𝑖𝑙𝑔𝑒𝑟  is located just on the right to the stoichiometric 

mixture fraction, meaning it is located in the slightly fuel-

rich zone, unlike the maximum based on 𝑍𝑈𝐿𝑁 which is 

in the fuel-lean zone. Based on this, the location of the 

flame front is estimated more precisely using Bilger’s 

equation (10) as such distribution is commonly observed 

in the literature, see [13] Chapter 1. 

Furthermore, regarding case 2, Figure 3 shows a slight 

difference between the maxima distribution in the fuel-

lean zone and the slightly fuel-rich zone. The maximum 

temperature is also located in the slightly fuel-rich zone 

based on 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  , while it is located at stoichiometric 

𝑍𝑈𝐿𝑁. This suggests that 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  might have an advantage 

over 𝑍𝑈𝐿𝑁, even in a full DNS simulation based on the 

ULN assumption to estimate the from front location, as 

in case 2. 

 
Figure 3 Temperature maxima distribution in mixture 

fraction space, case 1 above, case 2 below, with marker 

interval = 6 for both 

3.2 Momentum Effect of DD 

The DD has a notable effect on the velocity magnitudes 

and directions, as shown by the contours of velocity 

magnitude and streamlines in Figure 4. Cases 1 and 2 

exhibit clear differences, indicating the impact of DD. 

The DD effect continually changes the momentum of 

each individual species, eventually altering the 

distribution of all species' mass fractions and the flow 

velocity components. 

Despite the momentum equation (2) not containing a 

term for diffusion velocities, DD affects it by changing 

Figure 4 Velocity magnitude contours with streamlines for case 1 (left) and case 2 (right) 
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the density of the mixture, which in turn changes the 

velocities. Therefore, the momentum is indirectly 

influenced by DD. Furthermore, this mechanism is also 

present when considering ULN, but it is evident that DD 

has more influence on the momentum than ULN.  

The chemical effect [6] contributes to the momentum 

effect, as the diffusion of hydrogen and ammonia toward 

the flame front increases the reaction rates in case 1 more 

than in case 2. This results in an increase in product 

species and a decrease in reactant species, changing the 

Figure 6 Distribution contours of the nitrogen oxide mass fractions. Case 1 (left) and case 2 (right) 

Figure 5 Temperature contours for the mapped Flamelet libraries, based on Case 1’s Z and C 
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local density of the mixture in and around the flame front 

and subsequently affecting the momentum of the flow in 

this area.  

3.3 Scalars Distribution in DNS Cases 

As shown in Figure 2, the isolines represent flame fronts 

for the same definition in case 1 and case 2 are not 

identical, despite having identical initial and boundary 

conditions. This indicates that the DD has a notable effect 

on the mass fractions distribution throughout the entire 

domain, especially near the reaction zone.  

The temperature distribution differs between case 1 and 

case 2. The temperature is higher in case 1, indicating that 

high hydrogen diffusivity enhances the overall diffusion 

process, resulting in more fuel diffusing toward the 

reaction zone. This sustains high reaction rates and keeps 

the flame ignited. In contrast, in case 2, the suppressed 

hydrogen diffusion leads to quenched flames in many 

zones, as shown in Figure 2. 

Furthermore, the different temperature distributions 

between case 1 and case 2 lead to different density 

distributions, which strengthen the momentum effect of 

the DD and the thermal expansion in case 1 due to the 

higher temperature. 

In addition, the mass fraction distribution of nitrogen 

oxides is underestimated in case 2 due to the lower 

temperature and reaction rates, as shown in Figure 6. This 

is significant because nitrogen oxides are one of the most 

unwanted products of ammonia combustion. 

Based on the temperature and nitrogen oxides 

distribution, the heat release rate is also underestimated 

in case 2. This indicates that the ULN assumption is not 

suitable for simulating NH3/H2 combustion. 

3.4 Flamelet Libraries Priori Tests 

The importance of the FPV approach lies in its ability to 

reduce computational cost. Instead of solving the energy 

and mass fraction transport equations during the 

computation, the Flamelet equations which are 

conservation equations of energy and mass species are 

solved prior to the computation to obtain the scalars such 

as temperature, mass fractions, enthalpy and many other. 

Then the Flamelet solutions are organized into a library, 

conditioned on the mixture fraction and progress 

variable. After that, during the CFD simulation, in 

addition to the continuity and momentum transport 

equations, transport equations, for Z and C, need to be 

solved instead of the energy and mass fraction equations. 

The results of Z and C serve as inputs to the Flamelet 

library to retrieve the rest of the necessary data. 

In this study, the FPV approach is not used in the 

computations; instead, DNS is used for cases 1 and 2. The 

case 3 to 6 are mapped cases using the Flamelet libraries 

based on the results of the DNS (priori tests). 

Two Flamelet libraries are investigated by comparing 

their mapped results with a single DNS. In case 1, one 

library is generated based on the unity Lewis number 

(ULN), and the other is based on the Mixture Averaged 

Diffusion (MAD). This approach is used to investigate 

the effects of all possible assumptions related to the 

diffusion process made in Flamelet solutions. Both 

libraries are obtained through the open source 

FlameMaster software [14]. The ULN Flamelets are 

solved in the mixture fraction space, while the MAD 

equations are solved in physical space. Then both 

libraries are generated in the mixture fraction space based 

on the solutions of the Flamelets for both cases. 

The MAD assumption is generally closer to DD than 

ULN. While ULN assumes that all diffusion coefficients 

are equal and to the thermal diffusivity, MAD does not 

make this assumption. Instead, MAD assumes that each 

species has an average diffusion coefficient for diffusing 

through the rest of the species in the mixture. 

Consequently, MAD does not consider binary diffusion 

between each species pair. However, it is more consistent 

with DD because it accounts for each species having a 

Figure 7 Temperature distributions at a vertical line (x=8 mm) along with the mixture fraction (Z) and progress 

variable (C) distributions 
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different diffusivity, which is calculated based on the 

mass fractions of rest of species locally at each grid point. 

Figure 5 shows the temperature contours of the mapped 

Flamelet libraries over the case 1 mixture fraction and 

progress variable ( 𝐶 = 𝑌𝐻2𝑂 + 𝑌𝐻2
), the mapped 

temperature distributions are nearly the same, however, 

some crucial differences still exist. The maximum 

temperature distributions are not compatible with the 

case 1, especially in cases 3 and 5 where ULN mixture 

fraction (9) are used, while Bilger’s mixture fraction 

showed more smooth temperature distributions while 

keeping narrow zones with higher temperatures than case 

1. Furthermore, the values of the maximum temperatures 

deviated as well in the mapped cases from the Case 1, 

therefore, to quantitatively investigate the distribution of 

the temperature, its values are extracted at a vertical line 

in the domain ( 𝑥 = 8  mm) then plotted as shown in 

Figure 7. 

The mapped results from the ULN library using 𝑍𝑈𝐿𝑁 , 

case 3, showed the lowest correlation factor (r) with case 

1. This is expected as both the library and mixture 

fractions do not consider the differential diffusion. 

However, the mapped result from the ULN library using 

𝑍𝐵𝑖𝑙𝑔𝑒𝑟  showed a significant improvement, which could 

be attributed to the ability of the 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  to estimate the 

flame front location more accurately. 

On the other hand, the mapped results from the MAD 

library showed better agreement with the DNS than ULN 

library by using both 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  and 𝑍𝑈𝐿𝑁 as expected. Case 

5 showed the highest correlation factor with case 1 

followed by case 6. Which gives an advantage for using 

MAD library with 𝑍𝑈𝐿𝑁 to be used in FPV approach for 

NH3/H2 combustion. Furthermore, 𝑍𝑈𝐿𝑁  unexpectedly 

showed better performance than 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  in mapping 

results from MAD library regarding the correlation 

factor, while the 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  estimated the maximum 

temperature more accurately as in Figure 5.  

Nevertheless, the mapped results from both libraries 

could exceed the DNS temperature near the reaction zone 

especially when 𝑍𝑈𝐿𝑁  is used for mapping. Which 

requires a careful library generation by increasing its 

resolution near the 𝑍𝑠𝑡  and smoothing the distribution 

inside it as possible. If a good library is generated it will 

not be flawless, however, by taking the average during a 

simulation using FPV approach helps to enhance the 

results accuracy. 

Furthermore, both libraries underestimated 𝑌𝑁𝑂 as shown 

in Figure 8, which is one of the drawbacks of FPV 

approach, however a correction method is developed by 

[15] to more accurately estimate 𝑌𝑁𝑂 by solving the 𝑌𝑁𝑂 

transport equation while using the library to calculate the 

source term. 

Figure 8 𝑌𝑁𝑂 distribution for the mapped cases 
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4 Conclusion  

This study aims to investigate the differential diffusion 

effect in NH3/H2 combustion in DNS and FPV 

simulations as well. Only DNS are implemented, while 

the Flamelet based libraries are investigated using priori 

tests. FK3 solver is used to implement the DNS cases and 

FlameMaster software is used to generate the Flamelet 

libraries based on ULN and MAD assumption for 

diffusion. The main findings are as follow: 

• The Bilger’s definition of the mixture fraction more 

accurately estimate the flame front location in 

NH3/H2 differential diffusion combustion 

simulations than the transport equation definition 

with ULN assumption. 

• The differential diffusion alters the local density and 

the distribution of the mass fractions through its 

transport, thermal and chemical effects, which 

eventually alters the momentum of the main flow. 

This is described as momentum effect. 

• The mapped temperature from the Flamelet library 

generated with the ULN showed huge deviation 

from the DNS results, however, its mapped 

temperature by 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  showed a significant 

improvement. While the mapped temperature from 

the MAD library showed good agreement with the 

DNS results, especially when 𝑍𝑈𝐿𝑁 is used.  

• Both 𝑍𝑈𝐿𝑁  and 𝑍𝐵𝑖𝑙𝑔𝑒𝑟  have pros and cons when 

they are used to map the MAD Flamelet libraries, 

which opens the door for future work to investigate 

the way of mapping the library using both mixture 

fraction definition to take the advantage of each one. 

• The effect of the mixture fraction definition, used to 

condition the data within the Flamelet library, was 

not included in this study, indicating an area for 

future investigation. 

Those findings showed that differential diffusion must be 

taken into consideration while studying the NH3/H2 

through a numerical approach, as DD has great effects on 

the thermo-chemical state of the flame in addition to the 

flow field as well. 
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