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Abstract

The Earth's atmosphere as a whole has a very complex system of movements that changes over
time. The main features of these movements are repeated from year to year and are well displayed on
average and climatic maps, which are the starting point for conclusions about the general circulation of
the atmosphere. So it is known that the movement of the atmosphere has a vortex character. There are
basic states of three-dimensional vortex motion, in which low pressure convergence leads to an upward
motion, and high pressure divergence leads to a downward flow in a vortex motion (tornado). These
states of the three -dimensional velocity field can be described using the expansion of the convection
velocity in terms of stream and potential functions, which describe the spiral structures of this movement.
In this paper, simple partial differential equations are introduced that satisfy the ground state of three-
dimensional vortex motion. It is also shown that when Re — oo, the vortex motion degenerates into
geostrophic wind, and the corresponding state of vortex motion is replaced by the geostrophic state.

Key words: vortex motion, geostrophic wind, velocity field, vertical component of velocity, ground
state.

Introduction

Usually, the state of statics and the disturbance in relation to it in the form of a
geostrophic state and an Ekman state are considered as the main states of the
atmosphere [1,2,3]. In these models, the vertical component of the wind speed is
neglected[4.5]. In the present work, the three-dimensional state of the atmosphere is
investigated taking into account the vertical velocity and it is shown that it is
vortex[6,7.8]. Writing down the equations describing the steady state dry atmosphere
in the local coordinate system (X, vy, z), we get:
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Let's write the expression for the density
pi = pe(1 — ab).
Static equation:
1 s0pn
A5
Pe \ 0z
Then the system of equations will be written in the form:
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For horizontal and vertical directions, L and H are taken as length scales,
horizontal speed scale direction - U, time scale - L / U, vertical speed scale sti - HU /
L, scale for pressure peU, the temperature scale is AZT[9]. At the same time, we set o
=H/L,Re=UL/v (Reynolds number), Ri =N 2 H 2/ U 2 (Richardson number), N -
Brunt frequency, Pr = v/ k (Prandtl number), Po. = U / 20z L (Rossby number),
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Po. — U
OH_Za)OyH

then the dimensionless form for equations (6) - (9) takes the form
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Where Ri = % =0 ,N? = agAy
Thus, omitting the "tilde" sign over the dimensionless quantities, we write:
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If the adjective terms in the equations are omitted and O () = 1, i.e., L = H, then
equations (15) - (19) can be transformed. In the course of solving the already
transformed system of equations, we obtain a system of equations, we obtain a
describing velocity field. In this way,

Re

——————— % coskx * sink ) cos(nmz
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Fig: 1. The velocity field characterizing the movement of the atmosphere. The
figure shows the velocity field constructed using the obtained expressions for

The figure shows the velocity field, built according to the obtained expressions for the
velocity projections. Analyzing the resulting system of equations, we find that the
motion of an air particle takes on a three-dimensional spiral structure (Fig. 1)

The figure shows that for the selected values of the parameters, the air movement has
the character of a clockwise spiral twisting. Such a movement occurs up to the vertical
middle of the area, then the movement is replaced by the opposite one, i.e. the spiral
unwinds counterclockwise.
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