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Introduction

Combustion is a complex phenomenon that is 
controlled by many physical processes including 
thermo-dynamics, buoyancy, chemical kinetics, 
radiation, mass and heat transfers and f luid 
mechanics. This makes conducting experiments for 
multi-species reacting flames extremely challenging 
and financially expensive. For these reasons, 
computer modeling of these processes is also 
playing a progressively important role in producing 
multi-scale information that is not available by 
using other research techniques. In many cases, 
numerical predictions are typically less expensive 
and can take less time than similar experimental 
programs and therefore can effectively complement 
experimental programs [1].

The formation of Nox during a combustion 
process occurs in three ways. These are thermal 
Nox, fuel Nox and prompt Nox. Thermal Nox is 
formed from the reaction of molecular nitrogen 
with oxygen atoms in the burning air at high 
temperatures over 1800 °C. It was defined by 
Zel’dovich as N2 + O ↔ NO + N, N + O2 ↔ NO + O, 
N + OH ↔ NO + H reactions. Fuel NOx results from 
oxidation of nitrogen’s compounds and nitrogen in fuel. 
Prompt Nox is formed from the reaction of carbon and 
hydrocarbon radicals with molecular nitrogen in the 
burning air in fuel-rich conditions. [2].

Thermal NO can be reduced by decreasing 
the f lame temperature or limiting the oxygen 
concentration. The formation of NO in a combustion 

process in a gas turbine combustion chamber, is a 
very complicated problem due to many parameters 
that inf luence its formation process. These 
parameters include such as, fuel composition, 
excess air, preheating temperature, fuel to air ratio, 
inlet air temperature and velocity and combustion 
air swirl angle [2, 3]. 

In this paper the numerical calculation of 
the combustion process in a simple cylindrical 
combustor is a 2-dimensional problem that involves 
various options of inlet-air velocity, to predict Nox 
emission index.  Methane has been selected as the 
fuel, because it occupies (as natural gas) a central 
position in the energy field, in relation to both 
utilization and to transmission and storage. Further, 
the methane-air chemistry has been extensively 
studied and is relatively well-known compared to 
the other hydrocarbon fuels.

The Laminar Flamelet model is performed and 
it is applicable for turbulent flow with non-premixed 
combustion, and provides a robust solution at a low 
computational expense for multi-step reactions. The 
Flamelet model uses a chemistry library, meaning 
that only two additional transport equations are 
solved to calculate multiple species and it provides 
information on minor species and radicals (such 
as CO and OH) [4].

In this paper,  predicting of NO occur  with 
1-Thermal NO and O Radical PDF (Probability 
density function),  implements NO formation by the 
thermal NO mechanism using O radical information 
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provided by the Flamelet library. This is in contrast 
to the standard Thermal NO PDF reaction that 
approximates O radical concentration from O2 
concentration and temperature. There is no need 
to do this when running the Flamelet model since 
O is one of the components. 2- Prompt NO and 
methane PDF, so this reaction accounts for NO 
formation by the prompt NO mechanism [4].

For the reaction rates of thermal and prompt NO, 
the Arrhenius equation with temperature PDF was 
performed. PDF (probability density function) is a 
mathematical model that describes the probability of 
events occurring over time. This function is integrated 
to obtain the probability that the event time takes a 
value in a given time interval [4].

1. Governing equations

The numerical model of turbulent combustion is 
formulated from the Favre-averaged Navier-stokes 
equation together with turbulence and combustion 
models. Favre-averaged Navier-stokes equation can 
be expressed in Cartesian tensor notation as: [5]

 

,  (1)

 

. (2)

Where  is effective viscosity given by:

 . 

The eddy viscosity  is given by:

 
.
 

In this paper,  the standard k-ε turbulence model 
has been used to model turbulent kinetic energy,  k 
is one of the form:

 

. (3)

Where G  is turbulence production due to strain 
and is given by:

 

.

 
The transport equation for  the dissipation of 

turbulent kinetic energy   is of the form 

. (4)

Where  are the model constants .

2. Flamelet model of combustion

The f lamelet concept for non-premixed 
combustion describes the interaction of chemistry 
with turbulence in the limit of fast reactions 
(large Damköhler number) [4]. The combustion 
is assumed to occur in thin sheets with inner 
structure called flamelets. The turbulent flame itself 
is treated as an ensemble of laminar flamelets that 
are embedded into the flow field. The Flamelet 
model is a non-equilibrium version of the classical 
«Burke-Schumann» limit [4]. It adds new details to 
the simulation of combustion processes compared 
to other common combustion models for the price 
of the solution of only two scalar equations in 
the case of turbulent flow. An arbitrary number 
of intermediates may be specified as long as their 
laminar chemistry is known. The main advantage 
of the Flamelet model is that even though detailed 
information of molecular transport processes and 
elementary kinetic reactions are included, the 
numerical resolution of small length and time 
scales is not necessary. This avoids the well-known 
problems of solving highly nonlinear kinetics in 
fluctuating flow fields and makes the method very 
robust. Only two scalar equations have to be solved 
independent of the number of chemical species 
involved in the simulation. Information of laminar 
model flames are pre-calculated and stored in a 
library to reduce computational time. On the other 
hand, the model is still restricted by assumptions 
like fast chemistry or the neglecting of different 
Lewis numbers of the chemical species [4].

According to the laminar f lamelet concept 
studies, by Peters (1984) and by Bray and Peters 
(1994), a turbulent non-premixed f lame is 
considered to be comprised of an array of laminar 
ones. A conserved scalar variable, the mixture 
fraction, is then introduced to describe the flame 
structure, with the thermochemical state variables 
and mixture fraction relationships obtained either 
from laminar f lame measurements by Moss et 
al (1988) or by performing calculations of one-
dimensional, adiabatic counter-f low laminar 
diffusion flames with a detailed chemical kinetic 
scheme, as a function of the strain rate [6,7]. Mean 
values of the thermochemical state variables, such as 
gas density, species concentrations and temperature, 
can then be evaluated using a joint probability 
density function (PDF) of the mixture fraction and 
strain rate, which is frequently decomposed into a 
product of presumed individual PDFs [6,7]. Peters 
(1984) presented an extensive review of flamelet 
approach for modelling turbulent combustion. By 
transformation of the physical coordinate into one 
with the mixture fraction and under the thin flame 
assumption, it was shown by Peters (1984) that in 
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the steady state, temperature T, and species mass 
fraction Yk are determined by the balance between 
diffusion and chemical reaction [6,7].

Under  flamelet regime hypothesis [7],  the 
species transport equation are simplified to:

 

. (5)

A detailed chemical mechanism (combustion 
of methane mixing with air)  of 17 spices and 
55 reactions was adopted in this numerical 
simulation.

The simplified energy equation is:

 

.   (6)

Where Z is mixture fraction, (lami-

nar scalar dissipation), is the chemical source term, 

is the mean mixture specific heat, D is thermal 

diffusivity which is equal to: , where  

is thermal conductivity, is the Lewis 
number of the k-th species and Dk is the diffusion 
coefficient of species k.

An external program in ANSYS CFX called 
CFX RIF (representative interactive f lamelet), 
solves these equation to obtain a laminar flamelet 
table, which is integrated using a Beta PDF to 
generate the turbulent flamelet library [4, 8].

This library provides the mean species mass 

fraction ass functions of mean mixture fraction   

and variance of mixture fraction  and turbulent 

scalar  dissipation rate [4,  8]:

 . (7)

On the other  hand 2 transport equation are 
solved in the CFD code,  the first gives mixture 
fraction:

 

. (8)

And the second gives the mixture fraction 
variance:

   

 

  

 

.

 

(9)

The turbulence dissipation scalar  is modelled 
by:

 
. (10)

The fuel properties are specified by the product 
gases in the downstream level. For turbulent flames, 
the mean scalar variables are computed from the 
laminar flamelet relation of the mixture fraction 
and the scalar dissipation rate by integration over 
a joint probability density function as: [6]

 

. (11)

The assumption of statistical independence 
leads to 

  
Ass suggested by peter  (1984)  [7].

3. Nox modelling 

The formation of NO is a slow presses which 
kinetically rate limited. Unlike other spices the 
mean value of NO can not be obtain from flamelet 
library using equation (11) [9].

When modeling NOx formation in methane/
air  combustion,  the thermal NO and prompt NO 
are taken into account. In the simulation process,  
we solve the mass transport equation for  the NO 
species,  taking into account convection,  diffusion,  
production and consumption of NO and related 
species. This approach  is completely general,  
being derived from the fundamental principle 
of mass conservation. For  thermal and prompt 
NOx mechanisms,  only the following NO species 
transport equation is needed: [10]

. (12)

The source term   is to be determined for 
different NOx mechanism.

4. Thermal NO

The thermal NO mechanism is a predominant 
source of NOx in gas flames at temperatures above 
1800 K. The NO is formed from the combination of 
free radical O and N species, which are in abundance 
at high temperatures. The two-step mechanism, 
referred to as the Zeldovich mechanism, is thought 
to dominate the process [4].

  

In sub or near stoichiometric conditions, a third 
reaction may be important:
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When this step  is included with  the first 

two,  it is referred to as the extended Zeldovich 
mechanism.

The name of thermal is used because the reaction 
rate of the first reaction has a very high activation 
energy due to the strong triple bond in the N2 
molecules,  and thus sufficiently fast only at high 
temperature [11]. The first reaction is the rate-
limiting step  of the thermal NO formation.

The rates of each of these three reactions are 
expressed as:

 .

For  the rate of formation of NO one obtains 
according to the reactions (1-3):

. (13)

Because 

. (14)

And the Nitrogen atoms can be assumed to be 
in guasi-state (fast reaction in step  (2)  and (3),  i.e 
d [N]/dt~0,  one obtain for  the NO formation :

 
. (15)

Thus it can be seen that NO can be minimized 

by decreasing [N2],  [O] or  (i.e. by decreasing 
the temperature)  [11].

When using the Laminar Flamelet model, 
almost always the O radical concentration can be 
taken without further assumptions from the solution 
because the model predicts it directly [4].

5. Promp NO (Fenimore mechanism)

The mechanism of prompt or Fenimore NO was 
postulated by C.P.Fenimore(1979), who measured 
[NO] above a hydrocarbon flat flame and note 
that [NO] did not approach zero as the probe 
approached the flame from the downstream side, 
as the Zeldovich mechanism predicts [11]. The 
additional mechanism that is promptly producing 
[NO] at the flame front is more complicated than 
thermal NO, because the prompt No results from 
the radical CH , which was previously considered to 
be an unimportant transient species that is generated 
through a complex reaction scheme shown in Fig. 1. 
The CH which is formed as an intermediate at the 

flame front only,  reacts with Nitrogen of the Air,  
forming hydrocyanic acid(HCN),  which reacts 
further  to NO [11].

Hydrocarbon radicals can react with molecular  
to form HCN, which may be oxidized to NO under  
lean flame conditions.

 

.

 The complete mechanism is very complicated. 
However, De Soete (also Peters and Weber, 1991) 
proposed a single reaction rate to describe the NO 
source by the Fenimore mechanism, SNO,prompt

 

 

 and W denote molar  mass of mixture,  
respectively. The Arrhenius coefficient depend on 
fuel (De Soete,  1974)  proposed the following values 
if the methane as is the fuel:

 

 

 
Fig. 1. Mechanism of the oxidation of C1- and 

C2-hydrocarbons (Warnatz 1981a, 1993)
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6. The domain of simulation and its simple 
geometrical parameters

The simple symmetry 2D model of our domain 
of simulation, with the fuel inlet (methane) and 
oxidizer inlet (air) is shown in fig. 2. Methane and 
air are entered in the domain separately.

The symmetrical geometrical sizes of the 
domain are on XY system of coordinate,  where 
X=1.8 meters and Y=0.225 meters.

The model was meshed for  simulating in a 
hexahedrons meshing method,  with  9935 total 
number  of nodes,  and 8075 total number  of 
number  of elements that are shown in fig. 3.

Fig. 2. The 2D symmetrical domain of simulation and its geometrical parameters

Fig. 3. The 2D hexahedral mesh for simulation of combustion

7. Information about the numerical simulation

In this paper, the numerical simulation was 
performed, in 5 various velocity of air, at the inlet 

of the domain. All the information about these 
various simulation are shown in table 1.

Table 1 
5 various cases and the related informations for  the simulation of combustion for  predicting NO

Case 1 Case 2 Case 3 Case 4 Case 5

Fuel CH4 CH4 CH4 CH4 CH4
Îxidizer O2 O2 O2 O2 O2

Inlet velocity of air  (m/s) 0.5 1 1.5 2.5 4
Inlet velocity of methane 

(m/s) 80 80 80 80 80

Pressure (atm) 1 1 1 1 1
Temperature of fuel (K) 300 300 300 300 300

Temperature of oxidizer  (K) 300 300 300 300 300

Reynolds number

Mach number

Turbulent model k- k- k- k- k- 
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All of 5 cases of simulation was simulated in 
ANSYS CFX solver. The convergence criteria in 
this simulation was at the MAX residual type with 
the 10-4 residual target. The physical timescale for 
this combustion simulation was 0.003[s]. All the 
simulation were converged successfully with solv-
ing the mass and momentum (U, V, W momen-
tums), heat transfer (energy), turbulence (k- ), mass 
fraction of NO, mixture fraction including mean 
and variance, temperature variance for predicting 
oxide of Nitrogen. The case 1 was converged in 
927th iteration, the case 2 was converged in 527th 

iteration, and the case 3 was converged in 442th 

iteration, the case 4 was converged in 386th itera-
tion and the last case means case 5 was converged 
in 330th iteration.

It is clear  that,  all of the convergence iterations 
are different from another,  it means the maximum 
iteration is for  case 1 and the minimum for  case 5.

This can be a good and useful subject for  the 
future works to discuss.

8. Resultsand discussion of simulation

The results of the simulation are presented 
in fig. 4 for  distributing and predicting of NO 
concentrations and mass fractions for  5 various 
cases with various for  inlet-air  velocity.

In fig. 5 the temperature field and counters are 
presented for predicting temperature distributing 
during the formation of oxides of Nitrogen for 
5 var ious cases with var ious for in let-air 
velocity.

   a)  b)

   c)  d)

e)

Fig. 4. Distribution and mass fraction fields of NO for the 5 various air-inlet velocity

case 3 case 4
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case 2

case 4

The contour and fields of NO distributions in 
fig. 4 and temperature fields and contours in fig. 5 
show that, with increasing the air-inlet velocity in 
the domain of combustion area , the concentration 
of NO and temperature will decrease. This means 
that, the maximum concentration of NO in case 
1 is 0.00039897% which means 3.6594ppm, which 
gives the maximum temperature about 2115.6 K 
at the air-inlet velocity equal to 0.5 m/s.also the 
results in fig. 4 and fig. 5, show that the maximum 
concentration of NO in case 2 is 0.000353% (3.53 
parts per million) and the maximum temperature 
is 2091.9 K, at the air-inlet velocity equal to 
1 m/s. The results in case 3 says that, at the air-
inlet velocity equal to 1.5 m/s, the maximum 
concentration of NO is 0.00030729% (3.0729ppm) 
which has a maximum temperature of 2090.6 K. 
In case 4 the air-inlet velocity is 2.5 m/s and so 
the results in this case says that the maximum 
concentration of NO is 0.00027005% (2.7005 ppm) 

   a)  b)

   c)  d)

e)
Fig. 5. Distribution of temperature and temperature field and counters in 5 various air-inlet velocity

which gives the maximum temperature of 2085.4 K. 
And the results in case 5 says the the maximum 
concentration of NO is 0.00023304% (2.3304 ppm) 
which gives the maximum temperature of 2077.3 
when the air-inlet velocity is 4 m/s.

All the results in NO concentration in various 
air-inlet velocities, shown in a graph in fig. 6, which 
describes variance or changing of concentrations 
of NO along the X direction of our domain of 
combustion area.

The changing in temperature and NO 
concentration in various cases in this simulation are 
clear, which mean that the minimum temperature is 
2077.3 K with the minimum of NO concentration, 
2.3304 ppm, in case 5 which has the most greater 
air-inlet velocity, which is 4 m/s and the maximum 
temperature in this study is 2115.6 K, and NO 
concentration   is 3.6594ppm for the case 1 which 
has the most smaller air-inlet velocity which is 
0.5 m/s.

case 1

case 3

case 5

case 2

case 4
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Conclusion

1. All of this combustion simulation was 
performed on ANSYS CFX released 15.

2. Laminar flamelet model is an appropriate 
method for predicting the various kind of fuel with 
the minor species such as (CO-H), but it is not 
recommended for predicting the formation of NO 
and those who related to simulating of emission 
characteristic, because in f lamelet model the 
transport equation are not solve for the formation 
of NO.

3. Thermal and prompt modeling of Nox are the 
best solution to predict Nox and its characteristic 
of formation during the various condition of the 
problem.

4. In this paper we tried to show the effect of 
various velocity of air at the inlet of domain, on 
formation of NOx and variance of temperature in 
these conditions. ²t is clear that the most optimized 
option, is the case 5, which had a large amount of 
velocity compared to the other cases. The results 
showed that the percentage of NO and minimal 
temperature field was in case 5.

5. Decreasing the temperature and oxide of Nitrogen 
is one of the interesting and complicated problem for 
combustion engineers. There are a lot of methods to 
decrease them such as the regulation of humidity of air, 

Fig. 6. The percentage of NO along the X direction of the combustion domain

the regulation of temperature of fuel or preheating air 
entering the area or domain of the combustion, design 
the swirlers for ensuring the turbulent combustion 
and adjust the emission characteristics, and design 
the dilution holes for cooling system of gas turbine 
combustion chambers including decreasing formation 
of oxide of Nitrogen. 
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Ìàñóä Õàäæèâàíä. Ìîäåëèðîâàíèå âëèÿíèÿ âõîäíîé ñêîðîñòè âîçäóõà íà îáðàçîâàíèå 
îêñèäîâ àçîòà â ìåòàíîâîçäóøíîì ãîðåíèè áåç ïðåäâàðèòåëüíîãî ñìåøèâàíèÿ

Âûïîëíåíî ÷èñëåííîå ìîäåëèðîâàíèå ãîðåíèÿ âîçäóøíîé ñìåñè ìåòàíà  áåç ïðåäâàðè-
òåëüíîãî ñìåøèâàíèÿ ïîòîêîâ. Öåëüþ ýòîé ñòàòüè ÿâëÿåòñÿ ïðåäîñòàâëåíèå èíôîðìà-
öèè î âëèÿíèè ñêîðîñòè âîçäóõà íà âõîäå íà âûáðîñû îêñèäîâ àçîòà â âûõëîïíûõ ãàçàõ 
äëÿ ïðîñòîãî òèïà êàìåðû ñãîðàíèÿ. Ïîêàçàíî  âëèÿíèå ïîâûøåííîé ñêîðîñòè âîçäóõà 
íà âõîäå íà ôîðìèðîâàíèå NOx. ×èñëåííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî NO ìåõà-
íèçìû ôîðìèðîâàíèÿ ñíèæàþòñÿ ñ ðîñòîì ñêîðîñòè âîçäóõà íà âõîäå. Ìîäåëèðîâàíèå 
áûëî âûïîëíåíî ñ èñïîëüçîâàíèåì ïðîãðàììû äëÿ âû÷èñëèòåëüíîé ãèäðîäèíàìèêè (CFD) 
ANSYSCFX âûïóñêà 15, â òîì ÷èñëå laminar flamelet ìîäåëü äëÿ ìîäåëèðîâàíèÿ ãîðåíèÿ 
ñìåøèâàíèÿ ìåòàíà ñ âîçäóõîì (áåç ïðåäâàðèòåëüíîãî ñìåøèâàíèÿ) è ïðîãíîçèðîâàíèÿ 
êîíöåíòðàöèè (CH 2-CH-CH 2 O-CH 3-CH 4-ÑÍÎ-ÑÎ-ÑÎ2-Î-O2-Í-Í2-Í2Î-HO2-
N2-Í2Î2-ÎÍ). K-  ìîäåëü áûëà òàêæå èññëåäîâàíà äëÿ ïðîãíîçèðîâàíèÿ òóðáóëåíòíîé 
ðåàêöèè ãîðåíèÿ, â êîòîðîé óêàçàíû ðåçóëüòàòû ìîäåëèðîâàíèÿ ñêîðîñòåé, òåìïåðàòóðû 
è êîíöåíòðàöèè ïðîäóêòîâ ñãîðàíèÿ. Òåïëîâîå è áûñòðîå NOx ôîðìèðîâàíèå îñóùåñò-
âëÿåòñÿ äëÿ ïðîãíîçèðîâàíèÿ ýìèññèîííûõ õàðàêòåðèñòèê îêñèäîâ àçîòà. Ïðåäñòàâëåíî 
ñðàâíåíèå ìåæäó ðàçëè÷íûìè ñêîðîñòÿìè âîçäóõà íà âõîäå è èõ âëèÿíèå íà NO ýìèññè-
îííûõ õàðàêòåðèñòèê è òåìïåðàòóðíûõ ïîëåé. 

Êëþ÷åâûå ñëîâà: âû÷èñëèòåëüíàÿ ãèäðîäèíàìèêà (CFD), flamelet ìîäåëü, îêñèä àçîòà, 
ãîðåíèå áåç ïðåäâàðèòåëüíîãî ñìåøèâàíèÿ, òóðáóëåíòíîå ãîðåíèå.

Ìàñóä Õàäæ³âàíä. Ìîäåëþâàííÿ âïëèâó âõ³äíî¿ øâèäêîñò³  ïîâ³òðÿ íà óòâîðåííÿ 
îêñèäó àçîòó â ìåòàíîïîâ³òðÿíîìó ãîð³íí³ áåç ïîïåðåäíüîãî  çì³øóâàííÿ

Âèêîíàíî ÷èñåëüíå ìîäåëþâàííÿ ãîð³ííÿ ïîâ³òðÿíî¿ ñóì³ø³ ìåòàíó áåç ïîïåðåäíüîãî 
çì³øóâàííÿ ïîòîê³â. Ìåòîþ ö³º¿ ñòàòò³ º íàäàííÿ ³íôîðìàö³¿ ïðî âïëèâ øâèäêîñò³ 
ïîâ³òðÿ íà âõîä³ íà âèêèäè îêñèä³â àçîòó ó âèõëîïíèõ ãàçàõ  äëÿ ïðîñòîãî òèïó êàìåðè 
çãîðÿííÿ. Ïîêàçàíî âïëèâ ï³äâèùåíî¿ øâèäêîñò³ ïîâ³òðÿ íà âõîä³ íà ôîðìóâàííÿ NOx. 
×èñåëüí³ ðåçóëüòàòè ïîêàçóþòü, ùî NO ìåõàí³çìè ôîðìóâàííÿ  çíèæóþòüñÿ ç ðîñòîì 
øâèäêîñò³ ïîâ³òðÿ íà âõîä³. Ìîäåëþâàííÿ áóëî âèêîíàíî ç âèêîðèñòàííÿì ïðîãðàìè 
äëÿ îá÷èñëþâàëüíî¿ ã³äðîäèíàì³êè (CFD) ANSYS CFX âèïóñêó 15, â òîìó ÷èñë³ laminar 
flamelet ìîäåëü äëÿ ìîäåëþâàííÿ ãîð³ííÿ çì³øóâàííÿ ìåòàíó ç ïîâ³òðÿì (áåç ïîïåðåäíüî 
çì³øóâàííÿ) ³ ïðîãíîçóâàííÿ êîíöåíòðàö³¿ (CH 2-CH-CH 2 O-CH 3-CH 4-ÑÍÎ-ÑÎ-ÑÎ2-
Î-O2-Í-Í2-Í2Î-HO2-N2-Í2Î2-ÎÍ). K- ìîäåëü áóëà òàêîæ äîñë³äæåíà äëÿ ïðîãíîçó-
âàííÿ òóðáóëåíòíî¿ ðåàêö³¿ ãîð³ííÿ, â ÿê³é âêàçàíî ðåçóëüòàòè ìîäåëþâàííÿ øâèäêîñòåé, 
òåìïåðàòóðè ³ êîíöåíòðàö³¿ ïðîäóêò³â çãîðÿííÿ. Òåïëîâå ³ øâèäêå Nox ôîðìóâàííÿ 
çä³éñíþºòüñÿ äëÿ ïðîãíîçóâàííÿ åì³ñ³éíèõ õàðàêòåðèñòèê îêñèä³â àçîòó. Ïðåäñòàâëåíî  
ïîð³âíÿííÿ ì³æ ð³çíèìè øâèäêîñòÿìè ïîâ³òðÿ íà âõîä³ òà ¿õ âïëèâ íà NO åì³ñ³éíèõ õà-
ðàêòåðèñòèê ³ òåìïåðàòóðíèõ ïîë³â.

Êëþ÷îâ³ ñëîâà: îá÷èñëþâàëüíà ã³äðîäèíàì³êà (CFD), flamelet ìîäåëü, îêñèä àçîòó, 
ãîð³ííÿ áåç ïîïåðåäíüîãî çì³øóâàííÿ, òóðáóëåíòíå ãîð³ííÿ.

http://jname.8m.net



