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About the possibili

ol ty of the emergence of diffusion instability in isothermal
mixing of multico

mponent gas mixtures

V. N. Kossov, '0. Fedorenko, V. Mukamedenkyzy, 2D. Zhakebayev

Abai Kazakh National Pedagogical University, 13 Dostyk Ave., 050010 Almaty, Kazakhstan;
tel./fax:.+7727 291 1022, e-mail: kosov_vlad_nik@list.ru; 'Institute of Experimental and
Theoretical Physics, 71 Al-Farabi Ave., 050040 Almaty, Kazakhstan; tel +7727 377 3191, e-
mail: fedor23.04@mail.ru; 2Al-Farabi Kazakh National University, 71 Al-Farabi Ave., 050040
Almaty, Kazakhstan; tel.+7727 377 33 33, e-mail: dauren.zhakebayev@gmail.com.

In multicomponent gas mixtures, there is a wide variety of mixing regimes. The
{nolecular, convective, and most often the joint action of the listed regimes determine the
intensity of mass transfer in them. In this case, the fact that the process of molecular diffusion
can lead to instability of the mechanical equilibrium of the mixture with subsequent
occurrence of natural convection is practically not taken into account [1]. Moreover, the
emergence and development of concentration convection occurs not only within the
framework of traditional representations of the Rayleigh thermal problems [2, 3], but also for
situations in which motions arise with stable stratification of the mixture [4]. The experiments
were recorded convective flow leading to the synergistic effect associated with a significant
increase in the rate of mixing of system components. The paper presents a computational
model for the study of mass transfer in three-component gas mixtures at different pressures

over time at the boundary of the regime change "diffusion-concentration gravitational
convection” in a vertical cylindrical channel of finite dimensions.

Numerical 2D-simulation of the process is based on the Navier-Stokes equation, the
continuity equation and the equations of the concentration. We study the process when a
binary mixture 0.8 Ar + 0.2 He, located at the top of a vertical cylindrical channel and the
pure gas (N2) - at the bottom, in which, provided the condition of the occurrence of instability.
For physical quantities are specified the following boundary conditions: on all borders of the

cylinder condition of solid wall u,.|x‘=olx= , =0:i=12, and for the concentration components
we use boundary conditions 8C/ 6n|x,=0.x,= L =0i=12.

For the numerical solution of the problem of gas motion in the cylinder area is used the
splitting scheme by physical parameters:
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At the first sta ;
the second stage thie’la:)hi: Nawer-s.tokes equation is solved without considering pressure- At
for the velocity field of thson €quation obtained from the continuity equation with allowance
is used to recalculate the ﬁenﬁlTSt stage is solved. The obtained pressure field in the third stage
of finite velocity fields, al velocity field. The fourth stage is the concentration with the use

Figure 1. Dynamics of changes in concentration over time at different pressures in the system

(h)/-ISPAI' +0.2He—N;at T=298.0Kandt=12.5s. a)p =(.3 MPa; b)p =0.5 MPa; C) p= 1.5
a.

The concentrations of the components calculated according to scheme (1) at different
pressures and mixing times are shown in Fig. 1. For p = 0.3 MPa, diffusion is observed in the
system. A similar picture in the distribution of concentrations is characteristic for any mixing

times. Increasing the pressure to p = 0.5 MPa in the system, the nonlinearity in the

concentration distribution is noted (Fig. 1b), which is the reason for the nonlinear distribution

of the mixture density in the vertical cylindrical channel. In tum, the nonlinearity in the
density distribution can lead to an instability of the mechanical equilibrium of the mixture.
Later on, conditions arise in the system for the formation of convective structures, consisting
mainly of the heaviest component in the density (Fig. 1c). Apparently this type of flow
corresponds to the results of [1, 4].

Thus, numerical studies of the effect of pressure on diffusion mass transfer in systems

with a significant difference in the diffusion coefficients have shown that non-linear

isoconcentration distributions can arise in such mixtures. Unusual distribution of
concentrations leads to a nonmonotonic density distribution in the channel, followed by the
appearance of convective currents that si gnificantly increase the mixing rate.

The work was supported by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (the project number: AP05130986).
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