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In the article, the flow of a homogeneous gas and inhomogeneous medium representing a suspension of solid
particles in a gas — gas suspension is mathematically modeled. The aim of the work is to study the effect of ma-
terial density of the solid component particles of the mixture on the process of the mixture outflow into vacuum
and to identify differences from the process of a homogeneous gas outflow into vacuum. When simulating the
outflow process, the viscosity, compressibility and thermal conductivity of the gas were taken into account. The
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mathematical model described in this article implements a continuous methodology for modeling the inhomo-
geneous medium flow.

A feature of this technique is that when describing the motion of a mixture, a complete hydrodynamic system
of motion equations is recorded for each of the components of the mixture. In this case, the systems of motion
equations of the mixture components are connected with the components responsible for interphase force and
thermal interaction.

The importance of taking into account the intercomponent interaction in a mixture is due to the fact that
the dynamics of heterogeneous media, mixtures in which the components have different aggregate states, are
largely determined by the effects associated with intercomponent interaction. The system of the mathematical
model equations includes continuity equations for the density of the carrier medium and the “average density” of
the dispersed component of the mixture.

To describe the momentum conservation of the carrier medium, the Navier — Stokes equation has been
solved; for the dispersed component of the mixture; the equation of momentum conservation has also been
written, taking into account the terms responsible for the intercomponent interaction. The energy conservation
equations for the mixture components have been solved, taking into account inter-component heat transfer. The
system of the mathematical model equations, supplemented by boundary conditions, has been solved by an
explicit finite-difference method of the second order of accuracy.

As a result of the simulation, differences in the distribution of the parameters of a continuous medium during
the propagation of pure gas and gas suspension of particles into a vacuum are revealed as well as the influence
of the material density of the particles on the process of the carrier medium and dispersed component expiration
of the gas suspension in vacuum

Key words: gas suspension; Navier — Stokes equation; numerical simulation; partial differential equations; boundary value
problem; modeling of technological processes; intercomponent interaction; gas dynamics; high-speed gas flows; outflow into
vacuum
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Nu, =2exp(—M, ) +0.459 Re}” Pr*¥ . 1)

u(t,1)=0,u,(1,1)=0,

e(r,1)=e(t.2). ¢ (1.1)=¢/(1,2),
p(1)=p(1.2).p (1) = P (1.2),

u(t, N)=u(t,N-1), u,(t,N)=u(t,N-1),
e(tN)=e(t,N-1), ¢ (t,N)=e (1,N-1),

p(t.N)=p(t,N-1), p,(t.N)=p,(t,N -1).

ATa+aéiT0é ITIAT0A0ATaTe 6T TTIAl-
00 ATane TTeéTeéénu:
u(0,i) =0, u,(0,))=0

A&y anad enéTiad O0Teveé a 1Tadeedo-
AT Té Taganoe oa+afey casadaeenu ra-aeuiaa
CTa-ATey A 6AATE TTETACTA aTasa (x<L/2)
e(O,i) =e,, ¢ (O,i) =ep
p(0.i)=py.p,(0.i)= py,
& A TBAATE TTETAG TA BaTasa (el/2)
e(0,i)=0, ¢(0,i)=0,
p(0.i)=0,p,(0,i)=0.
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0a00 ennedataairey. Ta oeén. 1
iTN0AT a0e+1Ta e¢TadaxaieadiT-
80ATTé Oece-anéTé Taganoe, a éToTaTé

04T€é — aaéool .
Cia+aiey NETaTNOS THE dacédnd a 4agodi
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@aiée 46y dacTa
Ta0d8éaéa +afioéd p, =2500 é4/1°/ Fig. 2. Spatial
distribution of the longitudinal velocity:1 — in the analytical
solution; 2 — in the numerical solution for a homogeneous
viscous gas; 3 —in a numerical solution for a gas suspen-
sion with a particle material density of p, , = 2500 kg /m?
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Ta048éaéa p,,=19050 &a/1°/ Fig. 3 Numerically calculated
spatial distributions of the gas velocity during the
expansion of a: 1 — viscous gas with a dispersed
component with a material density p,, = 750 kg / m?into
vacuum,; 2 — viscous gas with a dispersed component with a
material density p, = 2500 kg / m#; 3 — viscous gas with
a material density p,, = 19050 kg / m?
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Defi. 4. TT00ATH0a4T ITA daT44864Te4 aa6aTey
AOTAT

daca rde Baceacd 4 43800 : 1 — +enoTaT 4aca;
2 — dacTacaane il TETOTTROUP Tavadeaéa aenrasniTeé
6acl p, =750 é4/1°; 3 — dagTacaane i TETOTTHOUpP
Ta0808a8a 4enTasniTé Oacl p,;=2500 &4/ 3;

4 — dacTacaane i TEToTTRolp Tacddeaca 4enTasniTeé
6ach p,,=19050 €&/13/ Fig. 4. Spatial distribution of gas
pressure during expansion into a vacuum: 1 — of pure gas;
2 — gas suspensions with the density of the dispersed phase
material p,, = 750 kg / m3; 3 — gas suspensions with the
density of the dispersed phase material p,, = 2500 kg / m?;
4 — gas suspensions with the density of the dispersed phase

material p,, = 19050 kg / m?
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acae 1 Tadénoaeai 1axas fanotiaé é aenrasn-
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