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Abstract—The effect of variations in fluid properties on the analysis of a stagnation point diffusion flame has
been studied by means of a numerical calculation. The thermochemistry of the flame was prescribed by an
empirical correlation of species concentrations and temperature with a conserved scalar (the fuel atom mass
fraction). In this way the mixing process in the diffusion flame was decoupled from the chemical kinetics.
Variations in the Schmidt number for the mixture fraction did not have a significant effect on the numerical
prediction of the atom mass fraction profile in the flame. However, the assumption of a constant value for pu
through the methane—air flame caused a significant overprediction of the mixing-layer thickness. An average
value of pu through the boundary layer yielded satisfactory predictions of the mass fraction profile.

INTRODUCTION

LAMINAR boundary-layer flows which involve the
mixing of different gases or which support exothermic
chemical reactions can exhibit substantial variations in
fluid properties such as density, viscosity and thermal
and mass diffusivities. Prediction of these flows must
either incorporate detailed variations in properties or
resort to an empirical constant-property scheme.
Calculation methods in the latter category commonly
employ an approach in which fluid properties are
evaluated at a reference composition or temperature
[1].

A number of different constant-property schemes
have been applied to mixing flows. Knuth [2] used a
reference composition to correlate data for an
isothermal boundary layer of air into which helium was
injected. Property variations which arise from droplet
vapourization or combustion have been accounted for
by the use of reference temperatures [3, 4].

The successful application of a constant property
approach usually involves a judicious and ad hoc choice
of reference conditions. Failure to account for
variations in properties, however, canlead to erroneous
and unacceptable results [5]. Most analytical
treatments of boundary-layer combustion adopt this
course as a result of the simplifications which it affords.

Theoretical analyses of chemically reacting boun-
dary layers yield a term pyu in the momentum equation
and a Schmidt number, v/2, in each species
conservation equation [6]. Because density is
proportional to T~! and viscosity is approximately
proportional to T'-5 it is commonly argued that the
product, pu, can be assumed to be constant across the
boundary layer. Similarly, the Schmidt number is often
assumed to be constant, usually with a value of 1.
Because of the simplifications which they afford, these
assumptions are routinely applied in calculations of
reacting boundary-layer flows [7-10]. However, in
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some cases the change in composition across a flame
can cause significant variations in properties. For
example, pu for methaneat 300K is 7.2 x 10" %kg?m~*
s landforairat 300K itis 2.1 x 10 5kgZm *s~ ! a
factor of 3 difference.

Some studies of laminar reacting boundary-layer
flows have addressed the role of variable fluid
properties. Marathe and Jain [ 11] analysed a counter-
flow diffusion flame with variable Prandtl and Schmidt
numbers. They found that the position of the flame
depended on the Schmidt number and that the
maximum flame temperature was affected by the Lewis
number. However, their analysis relied upon the
assumption of constant pu. In a numerical calculation
of a methane-air stagnation point diffusion flame with
one-step kinetics Takeno [12] assumed unit Prandtl
and Lewis numbers and a constant value of pu. He
concluded that the latter assumption probably
accounted for the overprediction of the boundary-layer
thickness by about 37%,. More recently, Ishizuka and
Tsuji [13] analysed the same diffusion flame primarily
to ascertain the influence of variable Lewis numbers.on
flame temperature. In their analysis they used a flame
sheet combustion model with constant fluid density,
viscosity and thermal conductivity. As a result their
analysis was not likely to represent the boundary-layer
structure accurately although they found an ap-
preciable effect of Lewis number on flame temperature
for some conditions.

Property variations are fully accounted for in
detailed numerical calculations of flames [ 14, 15] which
include complex chemical kinetics. However, there is
strong coupling between the exothermic, high
activation energy reactions in flames and transport
properties which are dependent on temperature and
composition. As a result it is not possible to examine by
these detailed calculations the isolated effect of
constant property assumptions in analytical models of
reacting boundary-layer flows.
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velocity gradient [s 1]

diffusivity [m2? s~ 1]

stream function

enthalpy [J]

number of chemical species
pressure [N m~2]

burner radius [m]

Schmidt number

temperature [K]

tangential velocity component [m s~ 1]
normal velocity component [m s~ 1]
mole fraction

tangential coordinate [m]

mass fraction

normal coordinate [m].
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Greek symbols
n non-dimensional normal coordinate
p  dynamic viscosity [Ns m~?]

NOMENCLATURE

v kinematic viscosity [m? s ']
¢ mixture fraction
p density [kgm™?].

Subscripts

with respect to carbon atoms
at the edge of mixing layer

for species i

with respect to nitrogen atoms
with respect to oxygen atoms
at burner surface

in feed-stream 1

in feed-stream 2

in the free stream.

IV —~g20Z™°N

Superscripts
denotes differentiation with respect to 7.

The approach which is adopted in this study
decouples the fluid mechanics and chemistry. On the
basis of experimental evidence, the thermochemistry of
a diffusion flame is taken to depend only on the local
stoichiometry or degree of mixing of the fuel, air and
products. An empirical correlation of measured data
with the degree of mixedness in the flame is used to
establish the composition, temperature and hence
properties such as p, y and 2 of the fluid. By this means
the effect on the boundary-layer structure of realistic
variations in fluid properties can be studied. The
possible errors associated with the assumptions of
constant pu and Schmidt number can then be
investigated by attempting to reproduce the flame
structure with a numerical calculation which in-
corporates either constant or variable transport
properties.

THE MIXTURE FRACTION

Experimental evidence from a variety of flame
configurations suggests that temperature and com-
position can be correlated by a parameter which is a
measure of the degree of mixedness of reactants. In his
analysis of stagnation point diffusion flames Bilger [16]
used the fuel atom mass fraction, also known as the
mixture fraction, as the correlating parameter.
Alternatively, Mitchell et al. [17] correlated com-
position and temperature in their flame with the local
equivalence ratio. The mixture fraction has been
adopted in the present study because of its greater
conceptual clarity and the fact that it is bounded
between 0 and 1 (the local equivalence ratio goes to
infinity for pure fuel).

For a two-stream mixing flow the mixture fraction is
defined as

Y,-Y,

f=y v )
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where Y;,, for example, is the mass fraction of element i
in stream 1. Because ¢ is defined in terms of element
mass fractions it is conserved under chemical reaction,
i.e. it is neither created nor destroyed by reaction. If the
diffusivities of all species and the thermal diffusivity are
equal thenit can be shown that £is unique, regardless of
which element is used to define it. These conditions are
incorporated in the Shvab-Zeldovich formulation of
the conservation equations [6].

Bilger [16] analysed the gas-sampling results of Tsuji
and Yamaoka [187 for a methane-air laminar diffusion
flame which was burning around a porous cylinder. He
found that the use of data for the carbon element mass
fraction gave the most satisfactory representation of &
through the flame, particularly with regard to the
stoichiometric value. Values of £ which were derived
from nitrogen or oxygen atom data did not yield the
correct stoichiometric value of 0.055 at the flame. This
discrepancy for nitrogen and oxygen atom data arosein
part from errors in the determination of & which
involved small differences in large quantities for these
elements. The effect of different diffusivities for species
containing oxygen and nitrogen atoms may also have
contributed to the error in &y and &g at the flame front.
Although it is possible to define in terms of carbon,
hydrogen and oxygen element mass fractions a mixture
fraction which yields the correct stoichiometric value
regardless of diffusivities [19], the simpler definition
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based on carbon element mass fraction has been used in
this study.

The data of Abdel Khalik [20] for a heptane-air
diffusion flame around a porous sphere was also
analysed by Bilger [16]. He found that when
measurements of stable species concentrations at
different locations around the sphere were plotted as
functions of £ they collapsed onto one curve. The
correlation of composition with £ was not sensitive to
the details of the flow field.

Figure 1 shows the concentrations of three major
stable species plotted against the mixture fraction, &,
which was derived from Tsuji and Yamaoka’s data for
their methane-air flame [18]. The carbon atom mass
fraction was used to evaluate £. Also shown in this
figure are data derived in the same manner from the
measurements of Mitchell et al. [17] in a laminar,
methane-air flame on a tubular burner. The correlation
of species concentrations with mixture fraction is
similar in both cases. Less satisfactory, however, is the
comparison between temperature measurements
shown in Fig. 2. It should be noted that the
thermocouple measurements by Mitchell et al. [17]
were corrected for radiation and conduction whereas
the measurements by Tsuji and Yamaoka [18] were
not. This essentially accounts for the difference in the
measured maximum flame temperatures although the
lower strain rate in the experiment of Mitchell et al. [17]
would also result in a slightly higher flame temperature.
The presence of the porous burner in the experiments of
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FiG. 1. Empirical correlations of species concentrations in

methane-air diffusion flames with { (—— correlation curve
used in calculations).
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FiG. 2. Empirical correlations of temperature in methane-air
diffusion flames with & (—— correlation curve used in
calculations).

Tsuji and Yamaoka [18] accounts for the difference
between the two correlations on the fuel side of the
flame.

VARIABLE PROPERTIES

Given the empirical correlation of £ with species
concentrations and temperature, it is possible to
determine fluid density, viscosity and, less directly,
multicomponent species diffusivities as functions of &.
The latter quantities can be estimated from the kinetic
theory for transport processes [21]. The data of Tsuji
and Yamaoka for a methane—-air diffusion flame [18]
and a propane-air diffusion flame [22] have been
analysed in this manner to yield profiles of transport
properties through the flames.

The product p u./pp is shown in Fig. 3 for methane
and propane data. In a methane flame this product
varies between 1 (in the free stream) to about 3.2 near
the porous burner. There is considerably less variation
in the product of p. u./pu in a propane flame. Although
the viscosity of methane is about 50%, greater than
propane, its much lower density accounts for the large
value of p_u./pp at the burner. It is clear from Fig. 3 that
the use of a value of unity for p u./pu cannot be justified,
particularly for a methane diffusion flame.

Also shown in Fig. 3 is the profile of Schmidt number
which was calculated for the methane flame of Tsujiand
Yamaoka [18]. The diffusivity was taken to be the
effective binary diffusivity of nitrogen in the mixture.
This Schmidt number varies between 0.6 and 0.8 and
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F1G. 3. Variation of properties through the methane-air diffusion flame [17] and propane-air diffusion flame
[21] of Tsuji and Yamaoka.

has a value in the free stream of 0.75. Thus, the
assumption of unit Schmidt numbers in the methane—
air diffusion flame does not appear to be justified a
priori.

STAGNATION POINT DIFFUSION FLAME

In order to make use of the detailed measurements of
Tsuji and Yamaoka [18], calculations have been
performed for the flow configuration which is shown in
Fig. 4. Methane is ejected uniformly around the
circumference of a porous cylinder. Air is blown across
the cylinder at an up-stream velocity of v,. Because of
the stoichiometry of the methane—air reaction the
diffusion flame is established on the air side of the
stagnation point.

The momentum equation and the equation of
conservation of mixture fraction can be written in
boundary-layer form as

Ju + o ou 0 Ju dp 2
U — —=—pu=)——
F ax P dy oy # dy dx
o0& o 0 o¢
— —=—[p2=-) 3
pu = +pvay ay(p 6y> 3
The two equations are coupled by the dependence of p
and pon &

The interpretation of the diffusivity which appears in
equation (3) will be discussed later in this section.

The pressure gradient term in equation (2) can be
written in an alternative form using the Bernoulli
equation as

dp du,
- dx Pelie dx @
= pelca &)

in which a is the velocity gradient for potential flow at
small x {close to the stagnation streamline)

a=2v./R. (6)

The normal coordinate is non-dimensionalized [23)

as
a 1/2 vy
n= (—) j p/p. dy*. )]
ve 0

The introduction of a non-dimensional stream
function, f, satisfies the requirement of continuity so
that the velocity components are

u=u.f’ (8)
and
pv = —(ap.p) 'S ©)

The prime denotes differentiation with respect to 5. The
momentum equation in terms of f and # in the
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F1G. 4. Stagnation point diffusion flame.

immediate vicinity of the stagnation streamline is

d

= ("—" f”) = Hpdp =0 (10)
N \Pele

and the transformed equation for the conservation of

mixture fraction is

2 <i L é’) € =0
n

11
N NTR an

where Sc = v/9.

The transport properties in equations (10) and (11)
are retained within the differential for the general,
variable property case because they are functions of
&(n). The use of the diffusivity, 2, in the equation for £
must be clarified. Mixture fractions are based on
carbon atom mass fractions in these calculations.
However, fuel atoms are incorporated into many
different molecules as the original fuel is consumed.
Each molecule has a different effective diffusivity [21] in
the mixture and a unique diffusivity cannot be ascribed
to the fuel atom mass fraction. The approach adopted
here is to ascribe to 2 the value of the effective binary
diffusivity of nitrogen in the mixture whose com-
position and temperature are determined by the local
value of & The use of the diffusivity of nitrogen is
consistent with the definition of mixture fraction which
indicates the equivalence of & and &y if all species
diffusivities are equal, i.e.

e=f=1-2N

12
YCo YN w© ( )

Subscripts 0 and oo refer to mass fractions in the fuel
supply and in the approach flow, respectively. In this
flame the nitrogen atom and nitrogen molecule mass
fractions are equal. As discussed previously, & yields a

more accurate representation of the experimental
mixture fraction around stoichiometric than &y or &,
and for that reason it has been used in the present
calculations.

Boundary conditions are required to complete the
specification of the problem. At the surface of the
cylinder # = 0 and

Jw = f0) = —(pw/pJow/\/av.. (13)

At the cylinder surface the boundary condition for & is

£0) = 1—pi/p2 Ew/(Sc fw). (14)

Outside the boundary layer the boundary conditions
are

fleo)=1 (15)

and

¢(e0) = 0. (16)

The empirical correlations of & with temperature and
composition in the laminar diffusion flame of Tsuji and
Yamaoka [18] were used to estimate the transport
properties, u and &. Wilke’s semi-empirical formula
[21] provides accurate estimates of the viscosity of a
mixture but was found to give values which differed
little from a simple mole-weighted average. As a result
the mixture viscosity was estimated as being

M
#Q&) = Y X{Ou(®) (17
i=1
with the temperature of the mixture prescribed by ¢&.
The effective binary diffusivity of nitrogen in the
mixture prevailing at a certain value of £ was estimated
from the binary diffusivity of nitrogen in each of the
component gases. Lenard-Jones potentials were used
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to estimate the individual diffusivities [21] and they
were combined to yield the effective binary diffusivity so
that

M-1 X.
z 2 N2,; '

i=1

DN, =(1—XN2)/ (18)
No account has been taken of thermal (Soret) diffusion
which could be significant for lighter species suchas H,
in regions of high temperature gradients near the flame.

Solution of the two coupled equations (10) and (11)
was obtained numerically. The equations were written
in central-difference forms. The resulting tri-diagonal
system of equations was solved iteratively with a Gauss
elimination procedure. Cubic spline interpolation was
used to evaluate density, viscosity and diffusivity from
tabulated values of these properties as functions of the
mixture fraction.

RESULTS

Calculations have been performed for a methane-air
counterflow diffusion flame for the nominal conditions
reported by Tsuji and Yamaoka [18] in their
experiments. The non-dimensional fuel ejection rate is
fw = —1.5 and the velocity gradient a = 100s™ 1. In
fact, with the normalization used in equation (9) the
corresponding value of fy is estimated to be about —2.

I. M. KENNEDY

In addition, inspection of the experimental data [18]
reveals that the velocity gradient, a, near the flame front
tends towards a value of around 130 s~!. The
calculations have been repeated with these values and
the effect on the flame structure is discussed below.

With both pu and Sc as variables the finite-difference
calculation of ¢ through the boundary layer for the
conditions of Tsuji and Yamaoka [18] shows
reasonable agreement (Fig. 5) with the profile of &
which was derived from the experimental data [18].
The calculated location of the reaction zone at ¢ =
0.055 is about 0.4 mm to the air side of the actual
flame. The slightly greater thickness of the calculated
mixing layer is evident in the temperature profiles
which are also presented in Fig. 5. The calculated
temperatures are derived simply from the empirical
¢c—temperature correlation.

The normal velocity profile is shown in Fig. 6. The
calculated stagnation point of the flow coincides with
the measured stagnation point at about 1.8 mm from
the burner. The calculated maximum velocity agrees
well with the measured maximum. The small differences
in the locations of temperature and velocity maxima
indicate the spatial accuracies of both the experimental
method and the numerical scheme.

When the calculations are repeated for f, = —2and
a = 1305~ ! the predicted stagnation point of the flow is
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F1G. 5. Calculated profiles of £ and temperature with variable properties compared with experimental results.
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FiG. 6. Calculated normal velocity (v) profile with variable
properties compared to experimental results.

shifted 300 um to the airside of the previously predicted
location, i.e. away from the burner. A similar shift in the
location of the point of maximum temperature is
produced. Near the burner the prediction of mixture
fraction is improved compared to the previous
calculation but the predicted values of ¢ in the region
between 2 to 4 mm from the burner are about 20%
larger than the experimental results. The gradient of ¢
at the flame front is increased due to the greater velocity
gradient of 130 s~ !, Consequently, the reaction zone is
predicted to be thinner with these modified conditions.

Common assumptions in the analysis of reacting
boundary layers [7-10] are that the Schmidt numbers
are unity and ppi./pu is unity throughout the flow. The
profile of ¢ which is obtained from calculations based
on these assumptions is compared with the experi-
mental results [18] in Fig. 7 for the same nominal
conditions. Deterioration in the agreement between
calculation and experiment is evident after comparison
with the results obtained with a variable property
calculation (Fig. S); the computed flame position is
shifted further to the air side of the actual flame
location. The ratio between the calculated distance of
the flame from the cylinder and the actual distance is
about 1.3. This value can be compared with the results
of Takeno [12] who undertook a finite-difference
calculation for a methane—air stagnation point
diffusion flame with the same configuration and
conditions. He assumed that the Schmidt and Lewis
numbers for all species were unity and that the ratio
PeM./pu was unity throughout the flow. He used a one-
step, irreversible reaction (fuel + oxidizer yield product)
to determine the reaction rate terms in the conserva-
tion equations of species and energy. With these
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FiG. 7. Calculated profile of ¢ with Sc = 1 and p p./pp = 1
compared with experimental results.

assumptions his calculations resuited in an excessively
thick boundary layer with the ratio between his
computed flame stand-off distance to the actual
measured distance of 1.37. This ratio is similar to the
present result.

In order to ascertain the separate influence of each
assumption (unit Schmidt number and p u./pp of
unity) the flow was recalculated with, firstly, a unit
Schmidt number with variable p.u./pu and, secondly,
with a variable Schmidt number and a constant ratio
Pto/pu. Figure 8 presents the £ profile obtained in the
first case. The use of a constant Schmidt number of
unity improves the agreement between the calculated &
profile and that obtained from the measurements,
particularly in the region of the flame reaction zone.
This result suggests that the use of a variable Schmidt
number in these calculations is not necessary in order to
achieve reasonable agreement with measurements,
provided that puis variable. The successful use of a unit
Schmidt number for the mixture fraction demonstrates
that the difficulty inherent in attempting to ascribe a
diffusivity to £ need not be resolved in a sophisticated
manner ; an appropriate constant value is satisfactory.

In the second set of calculations a variable Schmidt
number was used along with constant values of p ./ pp
of 1 and 2. The results of using these approximations are
compared with the experimental data in Fig. 9. A
constant value for p.u./pu of 1 produces poor



2166

1.0
\\
0.9 \ —-9-®- TSUJI & YAMAOKA [18]
\
\ SC = 1, variable QU
0.8l \
]
\
o.7}- \
\
\
w  0.6F \
c
\
£ \
s o05- \
o \
2 \
x O.4r \
=
\
0.3
0.2
\
\
0.1
\N
L i | Il !
0 1 2 3 a 5 6

Distance from burner (mm)
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compared with experimental results.

agreement with the experimental curve. Setting p u./put
equal to an average value through the mixing layer of 2
results in much better agreement with the experimental
curve except in the region near the burner. Variable
values of p.u./pu in the calculation (Fig. 5) achieve
better results in this region because p,u./pp reaches its
largest value of about 3 close to the burner surface.

A comparison of Fig. 9 (variable Schmidt number
and fixed p.u./pp = 1) with Fig. 7 (Sc = 1 and p g,/
pu = 1) indicates that the error introduced into the
prediction of the mixture fractions through the use of
the latter set of assumptions can be attributed to
variations in py. Figure 8 shows that assuming a unit
Schmidt number with variable pu actually improves
the prediction. The role of variations in pu has been
advanced by Takeno [12] as the reason for his
prediction of an excessively thick boundary layer. The
present results support that contention. The dominant
effect of pu is not unexpected given the factor of 3
variation in its magnitude compared with only 259,
variation in the Schmidt number.

Recalculation of the flow for conditions of fy, = —2
and a = 130 s~ ! indicates that the effect of setting Sc
and pu to unity is unchanged in this case. The predicted
profile of ¢ for these conditions is similar to the profile
presented in Fig. 7 but it is shifted about 300 um away
from the burner. As a result, the increase in the
boundary-layer thickness due to the constant property
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FIG. 9. Calculated profile of £ with variable Schmidt number
and constant pp compared with experimental results.

assumption is similar to the computed increase
obtained for the flow conditions of reference [18]. The
modification of the flow conditions does not alter
significantly the response of the mixing layer to
variations in fluid properties.

CONCLUSIONS

Transport properties appear in the analysis of a
laminar boundary-layer diffusion flame through
Schmidt and Lewis numbers in species and energy
equations and through the term, py, in the momentum
equation. In contrast to the wusual modelling
assumptions of unit Schmidt and Lewis numbers and
Peli/op =1, these terms may exhibit significhnt
variations in a diffusion flame. The extent of the
variation depends on the fuel. For instance, a methane—
air diffusion flame exhibits a factor of 3 variation in pu
but the variation in a propane-air diffusion flame is less
than a factor of 2,

Computer calculations of the mixing within a
methane—air diffusion flame have been used to
investigate the influence of variable properties in the
analysis of a reacting boundary layer. In order to
divorce the variable property problem from the
coupled chemical kinetics, mixing of fuel and air has
been treated in terms of a conserved scalar quantity, the
mixture fraction. The temperature and species
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concentrations are taken to be functions of the mixture
fraction and an empirical correlation of mixture
fraction with these thermochemical quantities is used in
the calculations.

With a variable Schmidt number and variable pu, a
finite-difference calculation yielded a profile of mixture
fraction which reproduced with reasonable accuracy
the profile derived from experimental data. However,
the use of the assumptions of unit Schmidt number and
Pel/p =1 resulted in a significantly poorer
prediction. Variations in the viscosity term, pu, were the
dominant influence on the boundary-layer calcu-
lations. An average value of p u./pu through the mixing
layer yielded improved results over the assumption of a
value of unity.

The effect of variationsin pu on mixing in the reacting
boundary layer was specific to a methane—air diffusion
flame ; the variations were primarily a result of the low
density of methane compared with air. A diminished
effect would be expected for a propane-air flame.
Nevertheless, it is more appropriate in the analysis of a
laminar reacting boundary layer to adopt an average
value of pu for a specific combination of reactants than
to assume that p u./pu = 1.
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EFFETS DES PROPRIETES VARIABLES DANS L’ANALYSE DU POINT D'ARRET
D’UNE FLAMME DE DIFFUSION

Résumé—On étudie numériquement Peffet des variations des propriétés du fluide sur I’analyse du point d’arrét
d’une flamme de diffusion. La thermochimie de la flamme est décrite par une formulation empirique des
concentrations des espéces et de la température avec un scalaire conservé (la fraction massique d’atomes de
combustible). De cette fagon, le mécanisme de mélange dans la flamme de diffusion est découplée de la cinétique
chimique. La variation du nombre de Schmidt pour la fraction de mélange n’a pas un effet significatif sur la
prévision numérique du profil de fraction de masse atomique dans la flamme. Néanmoins, I'hypothése d’une
valeur constante de pp 4 travers la flamme méthane—-air cause une surestimation significative de I'épaisseur de
la couche de mélange. Une valeur moyenne de py a travers la couche limite donne une estimation satisfaisante
du profil de fraction de masse.
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DER EINFLUSS VERANDERLICHER STOFFEIGENSCHAFTEN BEI DER
UNTERSUCHUNG EINER STAUPUNKTS-DIFFUSIONSFLAMME

Zusammenfassung —Der EinfluB von Stoffeigenschaftsinderungen auf eine Staupunkts-Diffusionsflamme
wurde numerisch untersucht. Die Thermochemie der Flamme wurde iiber einen empirischen Zusammenhang
ermittelt, wobei die Konzentration der Komponenten und die Temperatur vom Atommassenanteil des
Brennstoffes abhdngen. Dadurch konnte der Mischungsvorgang in der Diffusionsflamme unabhingig von
der chemischen Kinetik untersucht werden. Der EinfluB verdnderlicher Schmidt-Zahlen ist bei der
numerischen Bestimmung der Atommassenverteilung gering. Die Annahme eines konstanten Wertes fiir p+
in der Methan-Luft-Flamme verursacht jedoch, daB die Mischungsschichtdicke um einiges zu groB3 berechnet
wird. Mit einem iliber die Grenzschicht gemittelten Wert flir p-pu ist es mdglich, das Profil der
Massenverteilung zufriedenstellend zu berechnen.

SOPEKTbl U3MEHEHWUSA CBOWCTB MPH AHAJIU3E JUODYIHOIO NUIAMEHH B
TOUYKE TOPMOXEHUWA

AnnoTauus—Bansune W3MEHEHHs CBOHCTB XUAKOCTH HA aHaH3 AH(y3HOro niaMeHn B TOYKE TOPMO-
KEHHA PACCYMTHLIBAETCS YMCAEHHO. TEPMOXMMHSA [IAMEHH 3aJaeTCH SIMIKPHYECKOH 3aBHCHMOCTBIO KOH-
LEHTpauuil U TeMnepaTyp o6pa3slioB C COXPAaHEHHBIM CKAJAPOM (MACCOBOR [IOJH aTOMOB TOILIHBA).
TaxuMm o6pa3om, npouecc cMeleHHs B NUHY3IHOM MIaMeHH Gblt OTHENeH OT XHMMHYECKOH KMHETHKH.
Hsmenenns gncna [IMuATA QIS DOH CMECH HE OKA3LIBAJIM CYILECTBEHHOTO BIIMAHMS Ha MHCICHHBIE
pacyeThl npoduis MacCOBOR 10MM aToMa B ninameHH. OQHAKO, MPEANONIOKEHHE O IOCTOAHHOM 3Have-
HHMH py U1 METaHO-BO3IYLIHOH CMECH NPHUBOAMT K 3HAYHTEILHOMY NEpepacyeTy TOJLIMHBI CIOS CMe-
weHus. CpenHee 3HaYeHHME py MO BCeMY IMOTPAaHHYHOMY CJIOKO ZA€T YIOBJIETBOPHTENbHBIC PacHeThl
npoduias MaccoBOH HOJTH.



