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ABSTRACT

This chapter presents convergent-divergent flow in the free atmosphere which is governed by the three 

dimensional Navier-Stokes equations and deals with the fundamental problem of fluid dynamics. 

Considering air movement under influence divergence and rotation were found the true dependencies 

between the velocity vector and the pressure distribution. Following the classical procedure by using 

rotor operator and a well-known formula of vector analysis were obtained the second kind nonlinear 

Volterra-Fredholm integral equations in a matrix form which contained only three components of the 

velocity vector. According to the theory of the matrix operators were defined the velocity components 

by the successive approximation method. According to the obtained balance equation for the pressure 

distribution were defined significant properties of the transient convergent-divergent flow which provide 

a description of the constitutive relationships between three physical quantities: the velocity vector, the 

external and internal forces, the pressure distribution.

INTRODUCTION

Theoretical prediction and practical analysis of turbulence are the fundamental problems of atmospheric 

dynamics. Turbulence is considered as an eddy motion with a wide spectrum of sizes. Turbulent mo-

tion is a nonlinear multistage phenomenon of the elusive process which under influence divergence and 

rotation is characterized by high Reynolds numbers and involves some difficult problems in theoretical 

and mathematical physics. Due to the mathematical theory of partial differential equations introduced 

turbulent models were based on the transport equation of the most appropriate convergent-divergent mo-
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tions. The Navier-Stokes equations are described interactions between fluctuations and their space-time 

directions of the different wavelengths which have a great theoretical interest and practical importance 

in mathematical and physical modeling of elusive atmospheric phenomena of turbulence. Here were 

found dependencies of the velocity vector from the pressure distribution which make varying turbulent 

effects in agreement with the energy conservation law. It was shown the space-time dependent impact 

of divergence of the velocity vector and the density. Considering a flow element at a space-time position 

has been found energy balance which is expressed relationship between three physical quantities: the 

velocity vector, the external and internal forces, the pressure distribution. Balance equation expresses 

the second law of thermodynamics, which says that in all natural world processes of the entropy al-

ways increases. Obtained universal energy balance equation in the principal form expresses a stability 

condition which is an important part in simplifying the processing and analysis of the theoretical and 

experimental date of the turbulent field problems. It was shown that in the particular case of the energy 

balance equation can be got Bernoulli’s equation. Atmospheric flow is considered by the Navier-Stokes 

equations in agreement with the second law of thermodynamics where external forcing is supplied by 

radioactive forcing from the Sun, Lorentz force, dynamic Carioles force, gravity and acceleration due 

to the rotating Earth and heat sources at ground. The language and methodology of this research is the 

mathematical theory of partial differential equations. We have focused on the global existence, unique-

ness and smoothness of weak solution of the Navier-Stokes equations. Investigation of the analytical 

solvability for a practical complex problem in infinite space for the nonlinear turbulent phenomenon 

requires a perspective using some alternative approach which different from that is needed for studying 

the general classical issues in determining the influence of divergence and rotation from the turbulent 

velocity vector. Following the classical procedure by using rotor operator and a well-known formula 

of vector analysis were obtained the second kind nonlinear Volterra-Fredholm integral equations in a 

matrix form which contained only three components of the velocity vector. According to the theory of 

the Volterra-Fredholm matrix operators were defined the velocity components by the successive ap-

proximation method. Considering the pressure gradient as a potential field was determined the pressure 

distribution which satisfies the energy conservation law. We have clear mathematical evidence that the 

conservative force fields effectively make fluctuations in infinite space. Thank to the defined estimations 

for the velocity vector and the pressure distribution were proved existence and uniqueness theorems in 

the potential stable fields and general cases of bifurcating instabilities.

Background

This chapter is presented mathematical theory for the Navier-Stokes problem and deals with model 

problems for common nature, atmospheric phenomena under influence divergence and rotation of the 

velocity vector. The Navier-Stokes equations as nonlinear partial differential equations in real natural 

situations were formulated in 1821 and appeared to give an accurate description of fluid flow including 

laminar and turbulent features. Concerning the large literature for the Navier-Stokes problem we men-

tioned only some papers which considered particularly relevant for our analytic purpose. We have focused 

on the global existence, uniqueness and smoothness of weak solution of the Navier-Stokes equations. 

Examples of weak solution were given by Caffarelli [1], Sheffer [2]. Critical analyses for many ana-

lytic and numerical solutions of Navier-Stokes equations were given by Fefferman [3]. We will follow 

this idea of existence of weak solution given in [3] by using the energy conservation law for the external 

force and the gradient of pressure. Global existence, uniqueness and smoothness of the weak or classical 
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