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Abstract

The system of hydrodynamic-type equations for a stratified gas in gravity field is derived from BGK equation by method of
piecewise continuous distribution function. The obtained system of the equations generalizes the Navier—Stokes one at arbitrary
Knudsen numbers. The problem of a wave disturbance propagation in a rarefied gas is explored. The verification of the model is
made for a limiting case of a homogeneous medium. The phase velocity and attenuation coefficient values are in an agreement
with former fluid mechanics theories; the attenuation behavior reproduces experiment and kinetics-based results at more wide
range of the Knudsen numbers.
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1. Introduction beyond the limits of traditional hydrodynamics of
Navier—Stokes. The classical fluid mechanics is valid
dynamics at which it is necessary to use a theory under the cond|F|on for the Knudsen nL_lmUem =
I/L « 1, wherel is a mean free path, aridis a char-
acteristic scale of inhomogeneity of a problem under
* Corresponding author. consideration. The first work, in which wave pertur-
E-mail addresses: leble@mifgate.pg.gda.pl bations of a gas was investigated from the point of

leble@mif.pg.gda.pfS.B. Leble) solovchuk@yandex.ru view of more general kinetic approach (Boltzmann
(M.A. Solovchuk).

There is a significant number of problems of gas
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equation), perhaps, is the paper of Wang Chang and2. Piecewise continuous distribution function
Uhlenbecl{2]. method
Numerous researches on a sound propagation in
a homogeneous gas at arbitrary Knudsen numbers The kinetic equation with the model integral of col-
were made, see, e.g., the classic experimental pa-lisions in BGK form looks like:
pers[3,4] and, may be the most advanced theoreti- af  _of f
cal, kinetic-base{l5]. The investigations have shown, —- +v-= —g- - = v(fi = f)s 1)
that at arbitrary Knudsen numbers the behavior of a
wave differs considerably from one predicted on a heref is the distribution function of a gasjs time,v
basis of hydrodynamical equations of Navier—Stokes. is velocity of a particle of a gag, is coordinate,
These researches have revealed two essential features: . =
first, propagating perturbations keep wave properties 7 v, ) = n exp<_ﬂ>
at larger values dkn, than it could be assumed on the 7T3/2v§ v%
basis of a hydrodynamical description. Secondly, at 5 the local-equilibrium distribution functiony; =
Kn > 1 such concepts as a wave vector and frequency /5t77;,; denotes the average thermal velocity of par-
of a wave become ill-determined. _ _ ticles of gas,y = voexp(—z/H) is the effective fre-
The case, when the Knudsen numberis nonuni- — q,ency of collisions between particles of gas at height
form in space or in time is more difficult for investi- . 5 — kT /mg is a parameter of the gas stratification.

gation and hence need more simplifications in kinetic | jg supposed, that density of gasits average speed
equations or their model analogues. A constructions 7 _ (x. 1y, uz) and temperatur@ are functions of

of such approaches for analytical solutions based on tjme and coordinates.

kinetic equation of Bhatnagar-Gross-Krook (BGK)  po|iowing the idea of the method of piecewise con-
or of Gross-Jacksofb] in a case of exponentially  tinyous distribution functions let us search for the so-
stratified gas were considered28,19,21,22]jn con- lution f of Eq. (2) as a combination of two locally

nection with general fluid mechanics development. oqilibrium distribution functions, each of which gives

A progress was launched by more deep understandingihe contribution in its own area of velocities space:
of perturbation theory (so-called nonsingular pertur-

bations), see, e.g[l?]. Recently the i_nterest to the ft :”+(2n7<nr+)3/2 exq_m4(‘;k—T’7++)2)’
problem ofKn regime wave propagation has grown L - v, >0,
again[23-27] far. V)= " m(P—D)2

=" () V2 exp— =),

In this Letter we develop the method of a piecewise . <0
Z )

continuous distribution function launched by ideas of
von Karman, mentioned in a pioneering paper of Lees (2)

[9] and applied for a gas in gravity field jA1,22] We here n™ = n*(t,2), U* = U*(t,2), T* = T*(1,2)
consider the example of one-dimensional wave pertur- are functional parameters of these locally equilibrium
bations theory for a gas stratified in gravity field so distributions functions.

that the Knudsen number exponentially dependsonthe Thus, a set of the parameters determining a state
(vertical) coordinate and generalize the results of ear- of the perturbed gas is increased twice. The increase
lier [21,22] to take into account the complete set of of the number of parameters of distribution function
nonlinearities. We start with the method review and (2) results in that the distribution function generally
the generalization at the Secti@ go down to the differs from a local-equilibrium one and describes de-
linearized equations at the Secti®nderiving the dis- viations from hydrodynamical regime. In the range
persion relation at the Sectiaghand, then, we study  of small Knudsen numbers<« L we automatically

a solution of linear boundary problem to extract the haven™ =n~, Ut = U, T+ = T~ and distribu-
attenuation parameter of the sound. At the Seckion tion function (2) tends to local-equilibrium one, re-
we pick up all the theoretical curves against the ex- producing exactly the hydrodynamics of Euler and
perimental data of Meyeg#] and Greenspaf8] and at the small difference of the functional “up” and
discuss the results. “down” parameters—the Navier—Stokes equations. In
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