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NUMERICAL SIMULATION OF EFFECT OF INLET-AIR
VELOCITY ON THE FORMATION OF OXIDES OF NITROGEN
IN A NON-PREMIXED METHANE-AIR COMBUSTION

A numerical simulation of none-premixed methane-air combustion is performed. The purpose of
this paper is to provide information concerning the effect of inlet-air velocity (dry air) on the exhaust
gas emissions of oxides of nitrogen (NO), for a simple type of combustor. Effects of increased
inlet-air velocity on NOx formation are examined. Numerical results show that NO formation
mechanisms, decrease, with increasing inlet-air velocity. The simulation has been performed using
the Computational Fluid Dynamics (CFD) commercial code ANSYS CFX release 15, including
laminar flamelet model, for simulating the methane combustion mixing with air (none-premixed
combustion) and predicting concentration of (CH-CH2-CH20-CH3-CH4-CHO-CO-CO2-0-
02-H-H2-H20-HO2-N2-H202-0H). k-model was also investigated to predict the turbulent
combustion reaction, which indicated the simulation results of velocities, temperatures and
concentrations of combustion productions. A thermal and prompt Nox formation is performed
Jor predicting NO emission characteristics. A comparison between the various inlet-air velocity,

and their effects on NO emission characteristics and temperature fields are presented.
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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 fluid
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'dovichas N2+ O« NO+ N, N+ 02« NO+ 0O,
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 flame temperature or limiting the oxygen
concentration. The formation of NO in a combustion
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process in a gas turbine combustion chamber, is a
very complicated problem due to many parameters
that influence 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



O6Lwme BONpoChI gBuraTenecTpoeHns

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 PDEF, 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: [3]
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Where p g is effective viscosity given by:
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The eddy viscosity n, is given by:
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In this paper, the standard k-¢ turbulence model
has been used to model turbulent kinetic energy, k
is one of the form:

i(Efljlz)=i+{h+iJ+G—s. 3)

Where G is turbulence production due to strain

and is given by:
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Where c,,,C,,,0,,0, are the model constants .
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2. Flamelet model of combustion

The flamelet concept for non-premixed
combustion describes the interaction of chemistry
with turbulence in the limit of fast reactions
(large Damkihler 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 flamelet concept
studies, by Peters (1984) and by Bray and Peters
(1994), a turbulent non-premixed flame 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 flame measurements by Moss et
al (1988) or by performing calculations of one-
dimensional, adiabatic counter-flow 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 7, 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:

oY, pu Yy .

(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:

aT  pyy T 1Y
P T ko (6)
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Where Z is mixture fraction, };j = 2D.(VZ)2 (lami-
nar scalar dissipation), o, is the chemical source term,
c, is the mean mixture specific heat, D is thermal
diffusivity which is equal to: D=%/pC,, where A

is thermal conductivity, Le, = D/Dy 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 flamelet),
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 Z
and variance of mixture fraction Z''2 and turbulent
scalar dissipation rate y[4, 8]:

Yi = ?1 (Z’ Z>"2 !%St ) (7)
On the other hand 2 transport equation are

solved in the CFD code, the first gives mixture
fraction:
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And the second gives the mixture fraction
variance:
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The turbulence dissipation scalar is modelled
by:

31=C,.=Z".

. (10)
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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]

oo |
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The assumption of statistical independence
leads to
P(Z,x) =P(Z)P(x)
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]

paYNO vop Mo _ @ [pDaYNO
1

a i e P ok

]+SNO . (12)
1 1

The source term Sy 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].

O+N,—KL5NO+N  (R-1)
N+0,—2 ,NO+ON (R-2)
In sub or near stoichiometric conditions, a third
reaction may be important:



O6Lwme BONpoChI gBuraTenecTpoeHns

OH+N—S ,NO+H (R-3)

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 avery 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:

k; =1,8.10'* exp(-318kJ.mol™" / (RT))em?/ (mol.s)
ks =6,4.10° Texp(—26kJ.mol™! / (RT))cm?/ (mol..s)
ks =3,8.10"

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

L 01N, 1+ loINI[0, + i [NI[OH].— (13)
Because
L k01N, - o [NJO, - ko NI[OH] . (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 :

dINOJ

15
m 15)

=2k [O][N].

Thus it can be seen that NO can be minimized

by decreasing [N2], [O] or k, (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
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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.

CH+N, ——HCN+N

HCH+0O, ——> NO +....
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, SI\Jo’pmmpt

W 3/2
1/2
SNO,prompt = WNOkprompt [0;] [Nz][fuel][FJ

kprompt = Apromptexe (_TA,prompt / T)

Wno 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:

A prompt = 6,4.10°[1/5]
Ta prompt = 36510[K]

CHy CaHg
*H“-mm/(m +H,0,0H
-FI:H;? CzHg
+CHy *H lmq,
=(H:0 (;H,—== CH; ,CHO,C0 —=
l“".ﬂ.DH +H,0H
L
~=CHO GHy—de (H,0,CHO —=
l‘H.D; H *H“l" M,H
co (H,—2— CHCO 2= CO
-r|-|||:l +0 (5]
L
CoH CHy—2— CH
r'fml-nu; CH,) *ﬂ;\. l
L J
o €0,C0;
(CiH2) [E;H;J

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.
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Fig. 2. The 2D symmetrical domain of simulation and its geometrical parameters
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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
Oxidizer 02 02 02 02 02
Inlet velocity of air (m/s) 0.5 1 1.5 2.5 4
Inlet velocity of methane 80 80 30 80 30
(m/s)
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 145x10° | 2.79x10° | 4.13x10° | 6.81x10° | 1.1x10*
Mach number 741x107 | 1.43x107° | 2.11x107° | 3.49x107> | 5.54x107
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-% 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 jteration, the case 2 was converged in 527th
iteration, and the case 3 was converged in 442th
iteration, the case 4 was converged in 386" itera-
tion and the last case means case 5 was converged
in 330th jteration.
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@Q %v??’ fz,"‘ fa“‘f&?’ P SR
o® m“hb‘ : FoF P F S

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 agood 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 various cases with various for inlet-air
velocity.

PP 90 & & r & u"‘ga"‘ & e"‘ S
@,‘6552{ & G?QP\"'Q' *\'\e’ 'ﬂ’eé\ %’1' o b’” eﬁ’e'pq?‘ & q"‘ <
@f{.“éf\“g?‘\“'?@'\"q"i‘-‘wu@@@@

NO.Mass Fraction
Contour 2

Vair_inlet = 1 (m/s)

NO.Mass Fraction

Contour 3 Vair_inlet = 1.5 (m/s)

NO.Mass Fraction
Contour 4

Vair_inlet = 2.5 (m/s)

NQ.Mass Fraction
Contour §

Vair_inlet = 4 (m/s)

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

&Q”’

Vair_inlet =4 (m/s)

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.
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Fig. 6. The percentage of NO along the X direction of the combustion domain
Conclusion the regulation of temperature of fuel or preheating air

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 flamelet 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. It 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,
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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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Macyn Xamkusana. MojeJMpoBaHie BIMSIHAS BXOJAHOW CKOPOCTH BO31yXa Ha 00pa3oBaHue
OKCHJIOB 230Ta B METAHOBO3IYIIHOM ropeHNH 0e3 mpeaBapuTeJbHOT0 CMENABAHMS

Boinoaneno uucneHHoe modeauposanue 2opeHus 6030YWHOU cmecu Memana 0Oe3 npedeapu-
MmeavHo20 cmeumusanus nomokos. lleavio smoii cmamou seasemes npedocmaesneHue uHgopma-
Yuu 0 8AUAHUU CKOPOCMU 6030YXa HA 6X00e HA 8blOPOCHl OKCUO08 A30Ma 6 BbIXAONHbIX 2A3aX
045 npocmoeo muna Kamepwvl ceopauus. [lokazano eausuue nogvlueHHoOU cKopocmu 6030yxa
Ha exode Ha @opmuposanue NOx. Yucaenuvie pezyromamovt noxaswieaom, yumo NO mexa-
HU3ZMbI YOPMUPOBAHUS CHUICAIOMCA € POCIOM CKOpocmu 6030yxa Ha éxode. Modeaupoearue
0bL10 BbINOAHEHO C UCHOAb30BAHUEM NPOSPAMMbL 045 eblyucaumenvHou euopodunamuxu (CFD)
ANSYSCFX evinycka 15, 6 mom uucae laminar flamelet modenv 04 mMoOeaupoganus eopeHus
CMeWUsanus Memana ¢ 8030yxom (0e3 npedeapumenHo20 CMEUUanus) U NPoeHO3UPOBAHUS
rxonyenmpayuu (CH 2-CH-CH 2 O-CH 3-CH 4-CHO-CO-C0O2-0-02-H-H2-H20-HO2-
N2-H202-0H). K- modens 6biaa makaice uccaedogana 0Asi NPOZHO3UPOBAHUST MYPOYAeHMHOU
DeaKyuu 20peHus, ¢ KOMopou YKa3anvl pe3yabmamol MOOeAUPOBAHUS CKOPOCMel, meMnepamypbl
U KoHuyenmpauuu npodykmoé ceoparus. Tennosoe u 6vicmpoe NOx gpopmuposarue ocyujecm-
645emcs 0151 NPOSHO3UPOBAHUS IMUCCUOHHBIX XAPAKMeEPUCMUK okcudoe azoma. Ilpedcmagaerno
cpagHerue mexcoy pasiuuHbIMU CKOpocmamu 6030yxa Ha éxode u ux eausnue Ha NO amuccu-
OHHBIX XAPAKMEPUCMUK U MeMNepamypHuiX nojell.

Karouesvie caoea: sviuuciumenvuas eudpoounamuxa (CFD), flamelet modens, okcud azoma,
2opeHue 6e3 npedeapumenbHo20 CMeUUsanus, mypoyieHmuoe 2opeHue.

Macyn XamxkiBann. MojaeioBaHHS BIUIMBY BXiIHOI HIBUJIKOCTI MOBITPS HA yYTBOPEHHS
OKCHY a30Ty B METAHONOBITPSIHOMY TOpPiHHI 0€3 monepeIHbLOr0 3MilllyBaHHS

Bukonano uucenvrHe M00ea08aHHs 20PIHHA NOGIMPAHOI cymiui MemaHy 6e3 nonepeoHb02o
smiuyeanns nomokis. Memoro uyici cmammi € HadauHs HGopmayii npo eniue weuoKocmi
nosimps Ha 6xodi Ha 8UKUOU OKCUOI6 a30My Yy BUXAONHUX 2A3aX 045 NPOCHMO20 MUNY Kamepu
3eopsanus. Tlokazano eénaue nideuwenoi weudkocmi nogimps Ha 6xo00i na gopmyeanns NOX.
Yucenvni pezyromamu noxkasyioms, o NO mexanizmu QopmyeanHs 3HUNCYIOMbCA 3 POCIOM
weuokocmi nosimpsa Ha 6xodi. Modeatosanus 6y10 BUKOHAHO 3 GUKOPUCMAHHAM NPOPaAMU
0na obuucareanvroi eiopoounamiku (CFD) ANSYS CEX eunycky 15,6 momy uucai laminar
Sflamelet modenv 0as MoOenrosanHs 20piHHA 3MIULYBAHHS MemaHy 3 nogimpsam (b6e3 nonepeoHso
3miwyeanns) i npoenozysanns konyenmpayii (CH 2-CH-CH 2 O-CH 3-CH 4-CHO-CO-CO2-
0-02-H-H2-H20-HO2-N2-H202-0OH). K-modeav 6yra makxoxuc docrioxncena 04 npoeHO3y-
BAHHS MYPOYAeHMHOT peakyii e0piHHSA,8 AKIU 6KA3AHO Pe3yabmamu MoOeA08aHHS WBUOKOCMEl,
memnepamypu | KoHueHmpauii npooykmie 3eopsuusa. Tennose i weudke Nox gopmysanws
30[lICHIEMbCS 041 NPOCHO3YBAHHS eMICIlIHUX Xapakmepucmuk okcudie asomy. I[lpedcmaeaero
NOPIBHSHHA MIIC PIBHUMU WEUOKOCMAMU No8imps Ha 6xo0i ma ix enaue va NO emicitinux xa-
PaKmepucmuk i memnepamypHux noais.

Karouoei caosa: obuucaweanvha eidpodunamixa (CFD), flamelet modens, okcud azomy,
20piHHA 0e3 nonepedHb020 3MIULY8AHHS, MYPOYIeHMHE 20PIHHA.
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