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I. Introduction 
The notion of fluid refers to the absence of an organized structure of matter at the microscopic level, 

which allows a large capacity for movement of the atoms that constitute a fluid. It is for this reason that the fluid 

state is represented by the liquid and gaseous bodies [1]. The study of fluids plays a very important role 

nowadays because it allows the development of models which make it possible to improve the performance of 1 

machines in the maritime, terrestrial and space fields. A particle of a fluid can be viscous, compressible, or 

incompressible. When we are interested in viscosity, an exact analysis of the radiative effect of the free 

magnetohydrodynamics (MHD) of convection flow of an incompressible viscous fluid on a vertical plate is 

studied and the continuity, the moment and the energy equations are solved using an appropriate transformation 

[2]. An explicit form solution of the moment diffusion equation for a viscous fluid flowing around a plateau 

taking into account the deceleration with three regions characteristic of the viscous flow at is given in [3]. In the 

case of an incompressible flow, a new method of scalar projection presented for the simulation of 

incompressible flow with a variable density is proposed with a first phase of purely kinematic projection. The 
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predicted speed is subjected to a discrete Hodge-Helmholtz decomposition, [4]. A solution of an incompressible 

fluid flow is also studied in [5]. However the study of the kinematics of fluid flow plays a very important role by 

what it constitutes in most of the time, the starting point of a study in mechanics of continuous mediums in [6], 

[7] and [8]. Incompressibility, divergence and rotational have been studied more recently in new kinematics of 

vortex flow in [9]. The further away the particle is from the center, the more volume and speed). In this 

document, we first start with a preliminary study of the mechanics of fluid flow by defining some tensor used in 

this study. We are going to apply some tensors defined in the preliminaries to two examples of vortex flow with 

time dependent or non-time dependent velocity components, in order to determine the pressure, rotational and 

divergence of these kinematics. As a contribution, we will shown that in a flow where the velocity components 

are independent of time, the condition of incompressibility is impossible and that the volume density has no 

influence on the pressure. We will also show that in the case of a dependence of the speed on the time, the value 

of the volume density influences the pressure which also depend on the position of the particle and that with the 

partial derivatives checking certain conditions or for a specific value of t, we can have a situation of 

incompressibility in this case of fluid flow. Finally the simulation and the results will allow us to see the 

correlation of our study compared to the reality, and this is what allowed us to validate our study.  

 

II. Preliminaries 
In mechanics of continuous mediums as in the particular case of fluid mechanics, a kinematics of 

transformation is always given from one of the two following configurations that are: the Lagrangian 

configuration and the Eulerian configuration. The Lagrangian configuration observe the fluid particle passed in 

a fixed point of the space while the Eulerian configuration follows the particle continuous mediums in its 

movement. 
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As an important result in our simulation, we can see that the behavior of the velocity remains in a 

different evolution which does not show the sinusoidal shape in a different domain with a rectilinear pace on the 

scale of variation of the trajectory and the pressure. We can also note that the difference in trajectory leads to a 

difference in behavior in terms of pressure. This proves that the trajectory followed by the particle influences the 

pressure undergone by the particle, which in practice shows a good behavior of our models. Nevertheless, we 

can see a small resemblance of the pressure between the model of increasing radius and the model of decreasing 

then increasing radius but also between the model of decrising radius and the model of increasing then 

decreasing radius. Using the relation (39) the value of the rotational becomes 
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The four figures show how the three simulated variables vary differently in each case of trajectory. We 

can see that the variables are in no case superimposable between two models. This means that the trajectory of 

the fluid particle has an influence on these variables. Nevertheless, we can see also a small resemblance between 

the model increasing radius and the model decreasing then increasing radius but also between the model 

decrising radius and the model increasing then decreasing radius.  

 

4 Results  

In this mathematical study of the modeling of the behavior of a particle inside a vortex, the 

mathematical calculations and simulations of the trajectory, the speed, the pressure, the ratational and the 

divergence gave us: In the case of a transformation where the speed components are independent on the time, 

we have: 
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Nevertheless, we see a small resemblance of the pressure between the model of increasing radius and the model 

of decreasing then increasing radius but also between the model of decrising radius and the model of increasing 

then decreasing radius.  

• The simulation of ratatinal, divergence and pressure together shows that variables vary differently in each case 

of trajectory. We can see that the variables are in no case superimposable between two models. This means that 

the trajectory of the fluid particle has an influence on these variables.  

• Nevertheless, we see also a small resemblance between the model increasing radius and the model decreasing 

then increasing radius but also between the model decrising radius and the model increasing then decreasing 

radius.  
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This study shows that if the flow kinematics have velocity components which depend on time, then the 

pressure, the rotational and the divergence will all depend on the trajectory, and shows also that the further away 

we are from a vortex the less we feel its effect. 

 

5.   Conclusion  

In this document, we have proposed to study the the behavior of a fluid particle inside a vortex in cases 

where the speed component depends or not on the time, in order to better understand its behavior according to 

the boundary conditions. After preliminary, we have difined flow kinematics and / or velocity fields, in order to 

calculate the velocity tensor, isotropic invariants, pressure, rotational, divergence and incompressibility 

conditions depending on whether the velocity is dependent on the time or not. We have shown that in the case 

where the speed is independent of time, it is impossible to have a situation of incompressibility except in the 

case where there is no flow and the value of the density does not influence on the pressure of the particle and 

that this pressure is independant on the position where the particle is located.  

 

 
 

a rectilinear pace. It even shows that these four speeds appear to be stackable between the different models but it 

is not true in reality and we also note that the difference in trajectory leads to a difference in behavior in terms of 

pressure. So the trajectory followed by the particle influences the pressure undergone by the particle, what 

shows a good behavior of our model. We have a small resemblance of the pressure between the models two by 

two. The simulation of ratatinal, divergence and pressure together shows difference in each case of trajectory 

and the variables are in no case superimposable between two models. So the trajectory of the fluid particle has 

an influence on these variables. A small resemblance have been seen between the models two by two. 
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