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A Study of the Stability of the Diffusion Regime
in a CH4—Ar-N, Ternary Gas Mixture at Elevated Pressures

Diffusive mass transfer in multicomponent gas systems plays a key role in the design and optimization of
processes in the chemical, oil and gas, and energy industries. This work presents an experimental and
numerical investigation of isothermal mass transfer in the ternary CH,—Ar—N, system at 295 K over a
pressure range of 0.58-5.98 MPa. The system is characterized by similar diffusion coefficients of its
components and relatively small density differences, which contribute to the stability of the diffusion regime.
Experiments were conducted using a two-flask diffusion apparatus, with component concentration changes
recorded as a function of time at different pressures. Numerical simulations were performed in ANSYS
Fluent using the Species Transport model, Stefan—Maxwell diffusion formulation, and k-o turbulence model.
Good agreement between the experimental and numerical results was obtained over the entire pressure range,
with discrepancies within the experimental uncertainty. At low pressures, the system exhibits a stable
diffusion regime characterized by smooth, monotonic concentration kinetics. At elevated pressures, a
transition to a diffusion—convection mass-transfer regime occurs, accompanied by a qualitative change in the
mixing dynamics. The results demonstrate the capability of the proposed numerical approach to describe
mass transfer in multicomponent gas systems under high-pressure conditions.

Keywords: multicomponent diffusion, high pressure, diffusion apparatus, mass transfer, numerical
simulation, ANSYS Fluent

Introduction

Under certain conditions, diffusion mass transfer processes in multicomponent gas mixtures in a gravi-
tational field may be accompanied by the formation of density stratification and the onset of concentration-
gravity convection [1, 2]. Under such conditions, mutual diffusion of components with different molecular
masses leads to a redistribution of the medium’s density and may cause a disturbance in the system’s me-
chanical equilibrium [3]. As a result, the diffusion regime of mass transfer can transition to a hybrid diffu-
sion-convective regime, characterized by the emergence of macroscopic flows and a change in the structure
of mass transfer. Such phenomena play an important role both in fundamental studies of transport processes
and in various applied problems of heat and mass transfer in gaseous systems, including processes in chemi-
cal engineering, geophysics, and energy [4, 5].

The physical mechanisms underlying the formation of concentration convection in gaseous and liquid
mixtures have been examined in detail in classic works on hydrodynamic stability and transport theory
[1, 6, 7]. It has been shown that even in the absence of temperature gradients, mutual diffusion of compo-
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nents can lead to the formation of regions with different densities, which creates conditions for the develop-
ment of gravity-induced flows [8-11]. In recent years, interest in this problem has grown significantly, due to
the development of high-precision experimental methods and numerical modeling of mass transfer processes
in complex systems [12-16].

One of the key factors determining the nature of mass transfer in multicomponent mixtures is the differ-
ence in the diffusion coefficients of the interacting gases. If the diffusion abilities of the components differ
significantly, density inversion zones may form during mutual diffusion, which can initiate the development
of flows caused by the instability of the mixture’s mechanical equilibrium. In this case, a noticeable discrep-
ancy is observed between the measured and calculated values of the effective diffusion coefficients, which is
considered one of the signs of the onset of diffusion instability in the system [11, 17-19]. Similar effects are
observed in other types of double and triple diffusion, where the interaction of diffusion flows of various
components leads to the formation of complex hydrodynamic structures [20].

At the same time, there is a whole class of multicomponent gas systems in which the difference in the
diffusion coefficients of the components is relatively small. Under such conditions, the formation of pro-
nounced density gradients is hindered, and the mass transfer process can remain steady only in the presence
of a gravitational field. Selecting the initial composition of the mixture allows one to reduce the difference in
densities of the interacting gases and thereby create conditions that prevent the development of convective
disturbances. In such systems, mass transfer is determined primarily by molecular diffusion, and the resulting
hydrodynamic disturbances prove insufficient to form flows. One of the factors that can influence the stabil-
ity of the diffusion regime is pressure. An increase in pressure leads to a change in the density of the gas
mixture and also affects the diffusion coefficients and other kinetic transport characteristics. As a result, with
the ratios between diffusion coefficients remaining virtually unchanged, even a slight nonlinear change in the
density of the components leads to a change in the density difference between the mixing gases, which can
affect the nature of mass transfer in the system. One such system is the CH,—Ar—N, ternary gas system, in
which, with sufficiently wide variations in the initial composition of the components, the diffusion coeffi-
cients of methane and argon in nitrogen are similar in magnitude. With an appropriate selection of compo-
nent concentrations, the density of the initial mixture turns out to be close to the density of the third gas,
which creates conditions for studying both diffusion- and convection-driven mixing [21].

The study of the CH,—Ar-N, system is motivated by both fundamental and applied considerations. Me-
thane is the principal component of natural gas and mine gas, and its accumulation in nitrogen-rich mine at-
mospheres presents a well-documented safety hazard; understanding CH, transport in N, under elevated
pressures is therefore relevant to ventilation and hazard assessment in underground environments. Argon,
comprising approximately 0.93 % of the Earth’s atmosphere, is also encountered as an inert component in
various industrial gas streams. From a fundamental standpoint, the system is of particular interest because the
diffusion coefficients of methane and argon in nitrogen are similar in magnitude, placing the mixture close to
the stability boundary of the diffusion regime and making it sensitive to pressure-induced changes in mixture
density.

Two additional aspects of the present study warrant mention. At pressures above approximately 5 MPa,
methane exhibits pronounced real gas behaviour: its compressibility factor decreases to roughly 0.87-0.88 at
295 K, meaning the mixture density increases superlinearly with pressure and the effective threshold for
convective onset may fall below the value predicted by ideal gas theory. This non-linearity introduces com-
plexity into both experimental interpretation and numerical modelling, as transport coefficients and equation-
of-state parameters require real gas corrections at elevated pressures [22]. At the same time, while experi-
mental measurements of mole fractions provide reliable integral characterisation of the mass transfer pro-
cess, they offer no direct insight into the spatiotemporal dynamics occurring within the diffusion channel and
the flasks during the experiment—the transient formation of convective structures, the evolution of concen-
tration fronts, and the development of density-driven instabilities remain inaccessible to end-state measure-
ments alone. Numerical simulation addresses this limitation directly, providing full spatiotemporal resolution
of the concentration and velocity fields and thereby enabling a mechanistic interpretation of phenomena that
experiments cannot resolve in isolation.

This study experimentally and numerically investigates the isothermal diffusion and convective mixing
of a ternary gas mixture of methane, argon, and nitrogen at various pressures (0.58-5.98 MPa) and initial
compositions. The obtained values will be compared with experimental data, which will allow us to identify
the effect of pressure on the nature of partial mass transfer.
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Experimental

The subject of this study is the process of isothermal mass transfer in the ternary gas system
0.5504 CH, + 0.4496 Ar — N, carried out in a two-flask diffusion apparatus [21]. This setup is widely used
for the experimental study of the kinetics of diffusion processes in gas mixtures, as it allows for the analysis
of component transport under closed-system conditions with controlled thermobarometric parameters
[11, 21]. The apparatus design includes two flasks of equal volume V, = V, = 55.6 cm?, connected by a nar-
row cylindrical channel with a length L = 64 mm and a diameter d = 4 mm, in which the main zone of diffu-
sion interaction between the components is formed.

Experimental studies for this system were conducted at a temperature of 295 K over a pressure range
from 0.58 to 4.02 MPa. Each experiment lasted 30 minutes, which allowed for the recording of changes in
component concentrations sufficient for the subsequent determination of effective diffusion coefficients. The
initial composition 0.5504 CH, + 0.4496 Ar was selected on the basis of prior experimental studies [23, 24].
The molar density of this mixture is lower than that of pure N, placing the system in a mechanically stable
configuration at low pressures. At the same time, the diffusion coefficients of methane and argon in nitrogen
are similar in magnitude, which makes the system particularly sensitive to small pressure-induced changes in
mixture density—conditions under which local density inversions can develop during diffusion and eventual-
ly trigger convective instability. Such a composition allows for the investigation of conditions under which
the diffusion regime of mass transfer can remain stable even with significant changes in pressure.

To analyze the process under consideration, numerical simulations were performed using the ANSYS
Fluent software package [23-26], which enables investigation of the spatiotemporal evolution of concentra-
tion fields in gas systems with complex geometries. The calculations utilized a three-dimensional model of
the diffusion apparatus shown in Figure 1, whose geometry corresponded to the parameters of the experi-
mental setup. This approach makes it possible to reproduce real mass transfer conditions and track changes
in the distribution of components throughout the entire volume of the system.

The initial and boundary conditions of the numerical model were set in accordance with the conditions
of the experiments. At the initial time, the upper flask of the diffusion apparatus contained a mixture of
0.5504 CH, + 0.4496 Ar, while the lower flask and the diffusion channel were filled with nitrogen. This con-
figuration fully reproduces the initial state of the system in real experiments and allows for a correct descrip-
tion of the mutual diffusion process of the components. The physicochemical properties of the gases were
assumed to be constant and were specified based on data contained in the built-in substance library of the
ANSYS Fluent 2025 R2 software package.

Figure 1. Three-dimensional model of a diffusion cell and the calculated simulation area
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Since the diffusion apparatus is a closed system, impermeability conditions were applied to all its
boundaries to prevent mass transfer across the external surfaces. To maintain isothermal conditions, the ap-
paratus walls were modeled as a solid surface with material properties corresponding to stainless steel, which
were also taken from the standard ANSYS Fluent library [26].

The computational domain was discretised, accounting for the geometric features of the apparatus. The
flask volumes were approximated using an unstructured mesh, while the diffusion channel was discretised
with a regular structured mesh to ensure accurate representation of concentration and velocity gradients in
the primary zone of species interaction. The characteristic cell size was approximately 1 mm, with the total
number of mesh elements of approximately 4.2 x 10°. This spatial resolution is consistent with mesh pa-
rameters employed in validated numerical studies of diffusion and concentration-driven convection in geo-
metrically similar two-flask configurations [23, 25], and is considered sufficient for the accurate resolution
of the transport phenomena governing mass transfer in the system under study.

Turbulence closure was provided by the standard k- model. Although the flow velocities in the two-
flask diffusion apparatus are small and the overall Reynolds number remains low, the k—o formulation is
selected for several reasons. Unlike the k— model, k—® does not require wall functions and integrates direct-
ly to the wall, making it well-suited for near-wall regions where concentration and velocity gradients are
steepest. In the limit of negligible turbulent kinetic energy—which prevails throughout most of the diffusion-
dominated regime—the model effectively reduces to a laminar description, introducing no artificial diffusive
contribution. As the pressure increases and weak convective disturbances develop, the k—-» model is capable
of capturing the onset of low-intensity turbulent fluctuations without requiring a priori knowledge of the flow
regime. The appropriateness of this choice is confirmed a posteriori by the close agreement between the sim-
ulated and experimental concentration profiles across all validated pressure levels.

The standard k— o model is a semi-empirical model based on the model transport equations of turbu-
lence kinetic energy (k) and specific dissipation rate (), which can also be viewed as the ratio of ¢ to k.
The turbulence kinetic energy k and the specific dissipation rate o are obtained from the following transport
equations [25]:
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In these equations, Gy represents the generation of turbulence kinetic energy due to mean velocity gra-
dients, p is the density, and u; is the velocity component along X;. Gy represents the generation of k. I, and
I, represent the effective diffusivity of k and w, respectively. Y, and Y,, define the dissipation of k and o,
respectively. Sy and S, are initial parameters defined by the user.

The effective diffusion coefficients for k—m model are given by the formulas

I, =u+%
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where T', and I" are turbulent Prandtl numbers for k and o, respectively, characterizes the effective diffu-

sion behavior of turbulent kinetic energy (k) and its dissipation rate (). In this model they were given fixed
values: o, =2 and o, = 2. p is the molecular viscosity, and the turbulent viscosity p, is calculated by com-
bining k and w as follows:
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where S is the strain rate magnitude and
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A transport equation is solved to determine the species concentrations in the diffusion channel. The
conservation equation represents the relations for convective diffusion by which the local mass fraction Y; of

each substance i can be predicted and is defined as follows:
%(pYi)+V(p\7Yi)=—V:Ti+ R+S;, (8)

where p is the density of the mixture, V is the rate of diffusing substances, R; is the net rate of production of

species i by chemical reaction, and S; represents any sources defined by the user. The last two terms in the
right-hand side were not considered in this work because chemical reactions and additional sources were not

present in the studies. J ; is the diffusion flux of a certain substance i, which for the density and temperature
gradient can be calculated by the formula

‘Ti = _LpDi,m +:_(;JVYi - Dy, VT_T ' (©)
't

where p, is the turbulent viscosity and Sc; is the turbulent Schmidt number calculated as Sc; = p,/(pDy),

where D is the turbulent diffusion coefficient. The default value of Sc; is 0.7. D; , is the mass diffusion coef-
ficient for substance i in the mixture, D+ is the thermal diffusion coefficient for substance i in the mixture, T
is the temperature. The last term in the equation was not considered, since in this work the isothermal type of
mixing was considered. Also note that turbulent diffusion, as a rule, exceeds molecular diffusion, and a de-
tailed description of the properties of molecular diffusion in turbulent flows, as a rule, is not required.

For multicomponent systems, the Stefan-Maxwell equations in the form of

XX . XX (D;. D,
ST V) V)= S RS 10
i« D T i Dy L p; P
where X is the mole fraction, V is the diffusion rate, Dj; is the binary mass diffusion coefficient of substance

1
i into substance j. Since isothermal conditions are assumed, the thermal diffusion term in Eq. (10) vanish-
es [27, 28].

Table 1
Solution methods

Qntity Discretization
Gradient Least Square Cell-Based
Pressure PRESTO!
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Specific Dissipation Rate Second Order Upwind
Pseudo Time Method Off
Transient Formulation Second Order Implicit

All simulations were performed in a transient formulation using a pressure-based coupled solver with
full pressure—velocity coupling within each iteration [29]. Convective terms were discretised using the Se-
cond Order Upwind scheme, and pressure interpolation was handled by the PRESTO! scheme, which pro-
vides improved accuracy in the presence of body forces arising from density gradients. Time integration was
performed with a second-order implicit scheme at a fixed time step of At = 1 s over a total of 1800 steps, cor-
responding to 30 minutes of physical process time. Convergence at each time step was assessed using residu-
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al criteria of 107° for the velocity and pressure fields and 1078 for species concentrations, ensuring that the
solution was fully converged before advancing to the next step.

Results and Discussion

Numerical simulations of the mutual diffusion process in the CH,—Ar—N, system were performed for a
pressure range of 0.58 to 5.98 MPa under isothermal conditions. The main objective of the calculations was
to reproduce the mass transfer kinetics between the flasks of the diffusion apparatus and to compare the ob-
tained results with experimental data.

Table 2 serves as the primary validation of the numerical model. The concentration differences Ac ob-
tained from ANSY'S Fluent are compared against both the Stefan—Maxwell analytical solution and independ-
ent experimental data [21] across the full pressure range of 0.58-4.02 MPa. Agreement between simulation
and experiment is consistently within experimental error at all pressures studied, confirming that the model
correctly reproduces the mass transfer Kinetics of the system and that the selected boundary conditions,
transport coefficients, and solver settings are appropriate for this class of problems.

Table 2
Dependence of gas concentration changes in flasks on pressure
0.5504 CH, + 0.4496 Ar — N, (T =295 K, t=30 min)
Ac , mole fraction
P, MPa C;?;?;kf&i;\ffe?lrsgggr? Experiment [21] Ansys Fluent
CH, Ar N, CH, Ar N, CH, Ar N,
0.58 0.4172 0.3495 0.7618 0.413 0.351 0.773 0.425 0.354 0.774
1.07 0.4172 0.3495 0.7618 0.413 0.349 0.762 0.418 0.347 0.758
2.05 0.4172 0.3495 0.7618 0.416 0.353 0.768 0.421 0.351 0.764
3.04 0.4172 0.3495 0.7618 0.412 0.349 0.774 0.414 0.346 0.770
4.02 0.4172 0.3495 0.7618 0.411 0.350 0.762 0.410 0.348 0.760
5.00 0.4172 0.3495 0.7618 - - - 0.405 0.340 0.745
5.98 0.4172 0.3495 0.7618 - - - 0.328 0.276 0.604

Under these pressures, the agreement between experiment and Stefan—Maxwell theory indicates that
mass transport is governed primarily by molecular diffusion. This behaviour is consistent with the physical
characteristics of the CH,—Ar—N, system: the diffusion rates of methane and argon in nitrogen are similar in
magnitude, so no pronounced density inversion zones develop during mutual diffusion, and the resulting
concentration gradients remain insufficient to sustain gravity-induced convective flows. Under these condi-
tions, molecular diffusion fully accounts for the observed mass transfer kinetics.

At pressures of 5.00 and 5.98 MPa, experimental data are unavailable; however, the ANSYS Fluent re-
sults show a progressive deviation from the Stefan—Maxwell theoretical values—a deviation that grows with
increasing pressure. Given that the numerical model has demonstrated reliable agreement with both experi-
ment and theory across all lower pressures, there is reason to treat these computed values with confidence.
The observed divergence between simulation and Stefan—Maxwell theory at elevated pressures suggests a
gualitative change in the mass transfer mechanism: the increased mixture density appears to create condi-
tions under which concentration-driven gravitational convection begins to contribute to the overall transport,
supplementing and eventually dominating over molecular diffusion. This interpretation is consistent with the
concentration dynamics discussed in relation to Figure 2.

The time dependence of the argon concentration in the lower flask (Fig. 2) reveals a clear and systemat-
ic transformation of the mass transfer mechanism as pressure increases. At p = 0.584 MPa, the concentration
profile rises smoothly and nearly linearly over the entire 1800 s observation window, reaching approximately
0.045 at the end of the experiment with no detectable inflection points or regions of accelerated growth. This
behaviour is fully consistent with a diffusion-controlled regime in which transport is governed by the con-
centration gradient between the flasks and the system geometry. At p = 2.05 MPa, the overall monotonic
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trend is preserved, and the final concentration remains comparable, but starting from approximately
t =~ 600-800 s, low-amplitude oscillations become superimposed on the mean growth curve. These perturba-
tions do not yet alter the dominant transport mechanism, but their emergence signals that the increased mix-
ture density is sensitising the system to local composition inhomogeneities and that the threshold of mechan-
ical equilibrium instability is being approached.
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Figure 2. Time-dependent changes in Ar concentration in the lower flask as a function of pressure:
a) p=0.584 MPa; b) p=2.05 MPa; ¢) p=5.00 MPa; d) p=5.98 MPa

At elevated pressures, the character of the concentration Kkinetics changes fundamentally.
At p = 5.00 MPa, the curve exhibits a rapid initial rise reaching approximately 0.050 within the first
300-400 s, after which growth decelerates markedly, and the concentration enters an extended quasi-
stationary plateau persisting through the remainder of the observation window. This two-stage profile re-
flects convective onset: the initial acceleration is driven by a high mixture density that lowers the threshold
for gravitational instability, while the subsequent plateau indicates partial redistribution of the density field
and a temporary restoration of mechanical stability. The most complex behaviour is observed at
p = 5.98 MPa, where three distinct temporal stages can be identified. In the initial period up to approximately
t = 300 s, a rapid rise occurs, after which the curve enters a deceleration phase lasting through t ~ 1200 s with
the concentration increasing gradually from roughly 0.030 to 0.060. Beyond t = 1200 s, a pronounced sec-
ondary acceleration drives the concentration to approximately 0.085-0.090 by t = 1800 s—nearly twice the
value observed at 0.584 MPa. This late-stage intensification reflects the accumulation of density
inhomogeneities to a critical level at which mechanical equilibrium breaks down and gravity-induced macro-
scopic flows sustain transport well beyond diffusive rates.

The progression across the four pressure levels traces a coherent physical sequence from stable molecu-
lar diffusion through transitional perturbations to a fully developed diffusion—convective regime. Pressure
acts as the governing parameter: it raises mixture density, reduces the critical gradient required for convec-
tive onset, and determines both the timing and intensity with which macroscopic flows contribute to overall
mass transfer. The close agreement between computed and experimental profiles across this entire pressure
range confirms that the numerical model captures not only the qualitative character of each regime but also
the pressure-dependent dynamics of the transition between them.

The observed transition from diffusion-dominated to convection-influenced transport at pressures above
5 MPa is consistent with an increase in the solutal Rayleigh number Ra = gApL?/(pvD), where the rising
mixture density at elevated pressures amplifies the buoyancy-driving term while the diffusion coefficient
decreases, collectively pushing the system across the stability threshold.

The present study is subject to several limitations inherent to the adopted numerical framework. The
ANSYS Fluent Species Transport model assumes ideal gas behaviour throughout; as discussed above, this
assumption becomes progressively less accurate above 5 MPa, where real gas corrections to transport coeffi-
cients and mixture density are non-negligible. The simulations are performed under strictly isothermal condi-
tions, neglecting the small temperature gradients associated with the Dufour effect; while this contribution is
expected to be minor for the present system, its role at elevated pressures has not been assessed. Finally, the
results reported here correspond to a single initial mixture composition (0.5504 CH,, + 0.4496 Ar); extrapola-
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tion to substantially different compositions requires independent verification, as the proximity of the diffu-
sion—convective stability boundary is sensitive to the relative densities and diffusivities of the components.

Conclusion

This study presents an experimental and numerical investigation of mass transfer processes in a ternary
gas system consisting of CH,—Ar—N, under isothermal mixing conditions at elevated pressures. By compar-
ing the results of calculations performed in ANSYS Fluent with experimental data, it is shown that the nu-
merical model used adequately describes the kinetics of diffusion mass transfer in the considered parameter
range, and that the discrepancies between the calculated and experimental values do not exceed the experi-
mental error margin.

An analysis of the effect of pressure on mass transfer behavior showed that at relatively low pressures,
the system remains in a steady-state diffusion regime in which mass transfer is determined primarily by mo-
lecular diffusion. As pressure increases, the mixing kinetics become more complex as evidenced by changes
in the shape of the time-dependent concentration curves of the components. At high pressures, signs of mul-
tistage behavior are observed, including induction phases and subsequent acceleration of mass transfer,
which indicates a possible disruption of mechanical equilibrium and an increased role of gravity-induced
flows.

It has been established that in a CH,—Ar-N, system, characterized by similar diffusion coefficients for
the components and a small difference in their densities, pressure is the key parameter determining the stabil-
ity of the diffusion regime. Under the conditions considered, an increase in pressure does not lead to an in-
stantaneous transition to the convective regime but contributes to the formation of conditions under which
diffusion transport may be accompanied by disturbances affecting its structure and intensity.

The results advance the understanding of mass transfer mechanisms in multicomponent gas systems at
elevated pressures and can be used in the development and optimization of processes involving gas separa-
tion and mixing, as well as in the construction and validation of numerical models of diffusion-convective
transport.
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B. Mykamenenxbizbl, A. Tenendepren

Korapsbl kpicbiMaarbl CH,—Ar—N, ymkoMmnoHeHTTi
ra3 KocnacbiHaa 1u¢Qys3us pexuMiHiH TYPaAKTbUIBIFbIH 3ePTTEY

KenkoMmoHeHTTi ra3 KocnajapblHAarsl Jud(y3usuIbIK Macca TaChIMallbl XUMHUSUIBIK TEXHOJIOT U, MyHaii-ra3
OHJIEY JKOHE SHEpreTHKa cajalapbhlHIAFbl HHKEHEPIIK MPOIEecTepi MOAEIbACY MEH KETUITIpYIiH ipremi
Heri3i. OcblFaH OallIaHBICTHI, JKOFaphl KBICHIMABI OpTafarbl ra3 >KyHenepiHiH e3apa Iuddy3msuTbIK
3aH/IBUIBIKTAPbIH alKbIH/AY 3aMaHayl FhUIBIM MEH OHIIpiC YIIiH MaHbI3ABI OachIMABIKKA He. by 3eprrey
asiceiiia CHy—Ar—N,  YIIKOMIOHEHTTi JKyHeciHferi HM30TepMHsUIBIK MaccaanMmacy KyObuibickl 295 K
Temreparypana xoHe 0,58-5,98 MIla KpIcbIM apanbiFbIHIA KEIICHII TYpAe 3eprereHni. KapacThIpbuibim
OTBIPFaH KYHEHIH epeKIIelNiri KOMIIOHEHTTEPIH T} Qy3usIIbIK K03 OUIHEHTTEPiHIH KaKBIHIBIFBIMEH JKOHE
TBIFBI3IBIK TPAJUEHTIHIH TOMEHJIriMeH aWKpIHAamansl, Oyn 3 keserinae AUMGY3MSUIBIK PEKUMHIH
TYPaKTBUIBIK IeHIeHiH alKbIHAANTBIH IIemymni GakTtop caHanmaibl. TaxipuOemik 3epTreynep eki Kojbasbl
IMGOY3UAIBIK  KOHIBIPFBILAA  KYPTi3UIiN, KOMIIOHEHTTED KOHLCHTPALMACHIHBIH YaKbIT IEH KbICHIM
napamerpiepiHe TOyeli e3repy AMHAMHUKAchl HakThl Tipkenai. Teopusuibik Herizney makcatsinma ANSYS
Fluent opracsiana Credan—Maxkcsemn tenneynepi, k—® TypOyneHTTINIK Moneni >koHe Species Transport
ozicTeMeci KOJINAHBUIBII, CAaHJBIK MOJEIBACY XKY3ere achIpbUILNBL. AJIBIHFAaH SKCIIEPUMEHTTIK JIepeKTep MEH
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ecenTey HOTHKENepi apachlHIAFbl COUKECTIK JKOFaphl JICHICHII KOPCETill, aybITKyJIapAblH PYKCaT eTUIreH
KaTelmiK IIeriHeH acmaiThiHbl JonmenneHai. TeMeH KpIChIM JKarJailblHAA JKYHeae KOHLEHTPAIMSIIBIK
KAHETUKAHBIH OIpKaJbINThl ©3repyiMeH CHUIATTaJaThlH TYPAKThl peXuM OalKanasl. Anaiina KpICBIM MoOHI
JKOFapblIaFaH CallblH MaccaaliMacy MEXaHH3MIHIH camajblK TpaHC(HOPMAIUSICH OPbIH albll, AU(QYy3UsIIbIK-
KOHBEKTHUBTI PEKHMIE€ OTY IPOLECi TipKemni. 3epTTey KOPHITHIHABICH YCHIHBUIFAH CAaHIBIK TACUIIIH JKOFaphI
KBICBIMJIBI KOIIKOMIIOHEHTTI JKyienepaeri Kypreni (M3MKaiblK HpoLecTepli CHMaTrTaylarbl THIMIUNTIH
TOJIBIKTaM pacTaifpl.

Kinm ce30ep: xenkoMHOHEHTTI Audy3ust, )KOFapbl KbICBIM, AU(Qy3Hs anmaparsl, MaccaalMmacy, CaHIbIK
mozenbaey, ANSYS Fluent

B. Mykamenenksi3bl, A. Tonenbepren

HccienoBanne ycToi4uBOCTH 1M (P(PY3HOHHOIO pesKuMa
B Tpoiinoii razoBoii cmecu CH,—Ar—N, npu noBbieHHbIX TaBJIEHUIX

Jnddy3noHHBII MacconepeHoC B MHOTOKOMIIOHEHTHBIX T'a30BBIX Cpelax sBISIeTCs (yHIaMEHTAIbHBIM ac-
MEKTOM IIPU NMPOEKTHPOBAHUH ¥ MOAEPHH3AIMN TEXHOJIOTMIECKUX IIUKIOB B XUMUYECKOH, He(hTerazoBoi u
SHEpreTHYecKoi oTpaciiax. B maHHON paboTe mpeacTaBIeHb! pe3yIbTaThl KOMIIEKCHOTO UCCIIEA0BAHHS U30-
TEPMHUYECKOTO MaccooOMeHa B TpexkoMnoHeHTHOM cucteme CH4—Ar—N, npu temmepatype 295 K u nasne-
Hum ot 0,58 mo 6,02 MIla. Crnenuduka u3ydaeMol CHCTEMBI 3aKIIOYaeTcs B OMU30CTH KO3(PQUIIHEHTOB
qudy3ur KOMIOHEHTOB M HE3HAUUTENBHBIX PA3IMYMAX B IIOTHOCTH, YTO BBICTYIAET PEMIAONINM (haKTo-
poM ycroiunBocTH AU (HY3HOHHOTO peknMa. DKCIIEpUMEHTANIbHAS YacTh BHINOJIHEHA Ha ABYXKOJIOOBOU yC-
TaHOBKE, (PMKCUPYIOIIEH TMHAMHUKY KOHIIEHTPAIIMOHHBIX W3MEHEHUH B 3aBUCHMOCTH OT BPEMEHH H Oapuye-
ckux ycnosui. [TapamtensHo B mporpamMmmHoM kominiekce ANSY'S Fluent mpoBeneHo 4nciieHHOE MOJCITHPO-
BaHHE Ha OCHOBe ypaBHeHMI Credana—MaxkcBemia, MojenH nepeHoca BemecTB (Species Transport) u k—o
Mozenu TypOyneHTHOCTH. CpaBHUTENBHBIH aHAIN3 HOKa3aJl BBICOKYIO CTEIIEHb KOPPEISIIMU MEXIY SMIAPH-
YECKUMH JaHHBIMH U PEe3yJIbTaTaMH BBIUUCICHHUI: 3a()UKCHPOBAHHBIE OTKJIOHEHUS HE BBIXOAAT 34 PAMKH J10-
MyCTUMOM MOTPENIHOCTH. Y CTAHOBJIEHO, YTO IPH HU3KOM JABICHUH MIPOIECC XapaKTePHU3yeTcs CTAOMIbHBIM
PEXHUMOM C MOHOTOHHOH KHHETHKON KOHIEHTpanui. OIHAKO C pOCTOM JaBICHHUS HAOTIONAeTCs] Ka4eCTBEH-
Hasg TpaHc(hOpManus MEXaHHW3Ma CMENICHHs U Iepexo] K WHTCHCHBHOMY H((Yy3MOHHO-KOHBEKTHBHOMY
MaccooOMeHy. MIToroBele pe3ysbTaThl MOATBEPKIAIOT BHICOKYIO TOCTOBEPHOCTh U NPHUMEHHUMOCTH NPEIJIO-
’KEHHOTO YHCJICHHOTO aJITOPUTMAa ISl OIIMCAHUS CJIOXKHBIX IPOIECCOB IEPEHOCa B MHOIOKOMITOHEHTHBIX T'a-
30BBIX CUCTEMaX IPH YCIOBUSX BBICOKOTO JIaBJICHHSI.

Kniouesvle cnosa: MHOTOKOMIOHEHTHAs A dy3us, BEICOKOE MaBiicHHe, MU Gy3nOHHAsT YCTaHOBKA, MacCo-
nepeHoc, yncieHnoe Moaenuposanue, ANSYS Fluent
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