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Abstract. In this work the exact solution of a problem on stationary solid-state rotation with

a constant angular speed of a homogeneous three-axis gas ellipsoid (the law and speed of the

movement of the medium and also thermodynamic characteristics of the medium) which is in

its own gravitational field and adjoining on emptiness is found (zero pressure on boundary).

The exact distribution of gravitational potential in a three-axis homogeneous ellipsoid satisfying

Poisson’s equation is also found.
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1 Introduction. The mathematical modeling of astrophysics processes are one of
the most actual problems of modern applied mathematics [1-6]. To resolve a number of
astrophysical problems one has to investigate the dynamics of the gas bodies that inter-
act with a gravitating field. It is clear that the conceptions of astrophysical problems
investigation can be based on the statement and solution of a number of gas motion dy-
namic problems. These problems are regarded as theoretic models that include important
peculiarities of the motion and evolution of stars.

2 Statement of the mixed problem for the system of equations in par-
tial derivatives. At the solution of various problems connected with the movement of
gravitating gas in gas bodies of various configuration (a sphere, Makloren’s spheroid, a
three-axis ellipsoid of Jacobi, etc.) it is convenient to use spherical coordinates:
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where p(r, θ, φ, t) is pressure, ρ(r, θ, φ, t) is density, γ is the specific heat ratio,
→
u(ur, uθ, uφ)

are physical components of a vector of speed of the movement of particles of the medium.
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The potential of the gravitational field in a body satisfies Poisson’s equation
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where k is the gravitational constant.

3 Exact solution of a problem on rotation of a gravitating gas ellipsoid
of Jacobi. Let’s assume that the homogeneous (ρint = const) three-axis gas ellipsoid
which is in its own gravitational field and adjoining on emptiness with a constant angular
ω speed solid-state rotates around an z axis.

It is necessary to find the speed and the law of the movement and also thermodynamic
characteristics of the medium i.e. to solve the system of the equations in partial derivatives
(1) - (7) with a zero boundary condition for pressure upon ellipsoid surfaces.

The solution of Poisson’s equation (7) gives distribution of gravitational potential in
a uniform three-axis ellipsoid [7].
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where a, b, c are half shafts of a three-axis ellipsoid of rotation, x, y, z are cartesian coor-
dinates, ρ is constant density of a gas ellipsoid.

In spherical r, θ, φ coordinates distribution of speed of the movement of gravitating
gas in the homogeneous three-axis ellipsoid which is in its own gravitational field and
solid-state rotating with a ω constant angular speed around an z axis has the form:

ur = uθ = 0, uφ = r sin θ
dφ

dt
,
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Substituting (9) - (11), in (1) - (3), we will get
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Let’s note that the equations of continuity (4) and adiabaticity (5) owing to constancy
of density and (11) are carried out automatically.

The three-axis ellipsoid (Jacobi’s ellipsoid) in the spherical coordinates has the form:[r
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As on boundary (15) with emptiness (vacuum) pressure of gravitating gas is equal to
zero, the exact solution of a boundary problem (12) - (14) i.e. distribution of pressure
gravitating gas in Jacobi’s ellipsoid has the following form
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at the same time the ω angular speed of rotation has to satisfy a ratio
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and half shafts of a steady three-axis ellipsoid of rotation of Jacobi, have to satisfy the
following ratios:
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The ratio (18) in the theory of ellipsoidal figures of rotation is called Jacobi’s formula.

4 Conclusions. The exact solution of a problem on rotation of the gravitating
gas ellipsoid of Jacobi adjoining on a vacuum is found. Further, by solving the mixed
problem on the movement of a blast shock wave in a gravitating gas ellipsoid of Jacobi,
the boundary condition on a surface of a rupture of the first kind of solutions will be
known.



14 T. Chilachava

R E F E R E N C E S

1. Sedov, L.I. Similarity and Dimensional Methods in Mechanics. CRC Press, 1993.

2. Chilachava, T. A central explosion in an inhomogeneous sphere in equilibrium in its own gravita-
tional field. Fluid Dynamics, 23, 3 (1988), 472-477.

3. Chilachava, T. On the asymptotic methods of solution of one class of gravitation theory non-linear
problems. Rep. Enlarged Sess. Semin I. Vekua Inst. Appl. Math., 11, 3 (1996), 18-26.

4. Chilachava, T. On the solution of one nonlinear problem of mathematical physics. Rep. Enlarged
Sess. Semin I. Vekua Inst. Appl. Math., 23 (1997), 1-9.

5. Chilachava, T. On the asymptotic method of solution of one class of nonlinear mixed problems of
mathematical physics. Bulletin of Georgian Academy of Sciences, 157, 3 (1998), 373-377.

6. Chilachava, T. On the asymptotic method of solution of one class of astrophysics problems. Applied
Mathematics and Informatics, 4, 2 (1999), 54-66.

7. Chandrasekhar, S. Ellipsoidal Figures of Equilibrium. Published by Dover Pubns, 1987.

Received 27.05.2019; revised 22.11.2019; accepted 20.12.2019.

Author(s) address(es):

Temur Chilachava
Sokhumi State University
Head of the department of applied mathematics
Politkovskaya str. 61, 0186 Tbilisi, Georgia
E-mail: temo chilachava@yahoo.com


