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ABSTRACT  

This article studies some important works carried out on numerical analysis and approach modeling and the numerical 

tools used in the analysis of the important parameters to be considered in the laminar flow, such as friction losses, heat 

transfer, etc. laminar flow in pipes. This review focuses on laminar flow simulations. 

The objective of this work is to study the evolution of the fluid velocity and the pressure of the fluid in the tube in the 

laminar regime as a function of the diameter of the tube. 
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1. INTRODUCTION 

Flow in pipes [1] and ducts has long been the subject of much research. The results of this work have a great impact 

on practical application by giving the design engineer essential quantitative data for the construction of effective fluid 

management systems. 

In this present work, the three-dimensional laminar flow [2] in a tube is modeled. The objective lies in the analysis of 

the evolution of the velocity and pressure in the section of the tube. 

The results of this study make it possible to take into account the dimension of the sections of the pipes in the design 

in relation to the flow velocity of the fluid. 

This simulation is performed under the multiphysics comsol [3] environment 

 

2. MATHEMATICAL MODEL 

Laminar flow occurs in a cylindrical tube 300mm high and 12.5mm radius. Liquid water is the fluid used. The fluid 

inlet speed in the tube is 0.05m/s. Fluid temperature is 300K. 

 
 

Equations 

The stationary incompressible Navier-Stokes equations [4] are used by the Partial Differential Equation (PDE) model 

of this application. The equations are as follows: 
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The first equation is the balance of momentum from Newton`s second law [5]. The second equation is the equation of 

continuity, where zero on the right-hand side states that fluid is incompressible. The pattern of the flow depends only 

on the Reynolds number [6]:                

      

𝝆(𝑼. 𝛁) = 𝛁. 𝛁[−𝒑𝒍 + 𝑲] + 𝑭                                                                                                                                    (1) 

𝝆𝛁.𝑼 = 𝟎                                                                                                                                                                     (2) 

 

Boundaries condition 

Wall : 

𝑼 = 𝟎                                                                                                                                                                            

(3)                                                                                                          

Inlet : 

[−𝒑. 𝑳 + 𝒑. (𝛁𝑼 + (𝛁𝑼)𝝉]𝒏 = −𝒑�̃�. 𝒏                                                                                                                        (4) 

      𝒑�̃� ≤ 𝒑𝒐                                                                                                                                                                  (5)                                                                                          

𝑼 = −𝑼𝒐. 𝒏                                                                                                                                                                  (6) 

 

Laminar inflow 

𝑳𝒆𝒏𝒕𝒓𝛁𝝉. [−𝒑𝒍 + 𝒑(𝛁𝝉. 𝑼 + (𝛁𝝉𝑼)
𝝉)] = −𝒑𝒆𝒏𝒕𝒓. 𝒏                                                                                                      (7) 

Outlet 

 

𝑳𝒆𝒏𝒕𝒓                    entrance Lenght 

𝑼 = 𝑼𝒂𝒗𝒓              average velocity 

𝒑𝒐                            Pression 

 

Description of laminar flow 

In fully developed laminar flow, each fluid particle moves at a constant axial velocity along a streamline and the 

velocity profile u(r) remains unchanged along the direction of flow. There is no motion in the radial direction, and so 

the velocity component in the direction normal to the flow is zero everywhere. There is no acceleration since the flow 

is steady and fully developed [7]. 

Presentation of Comsol multiphysics 

COMSOL is the dominant physical simulation software in which the finite element method (FEM) and partial 

differential equation are solved. The capabilities of the software extend to the following eight add-ons. These are 

AC/DC, Chemical Engineering, Heat Transfer [8] and Structural Mechanics. Model libraries and supporting software 

such as Live links for SolidWorks and CAD have been developed by the company. COMSOL has various handy 

features which have made this software will be beneficial for many engineers. It has developed in such a way that it 

is very easy to use for simulation and modeling of real-world Multiphysics. Therefore, COMSOL is one of the leading 

suppliers and developers of technical computer software. COMSOL is now the main tool for engineers, researchers 

and lecturers in the field of education and fields of high technology product design. COMSOL simulation is a 

fundamental device for the development of a new product. Various applications are included such as chemistry, 

mechanics, electricity, and fluids. 

While talking about the need to couple the physics affecting a system; COMSOL simulation helps by providing an 

integrated simulation platform [10]. COMSOL has been offering unique simulation power that allows today's 

researchers and engineers to design products in a short time span at low cost. In conclusion, the design challenges 

between physical effects interactions can be solved by the COMSOL software. 

 

3. RESULTS AND DISCUSSION 

The following figures simulation represent the results after  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Mesh cylinder 
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The figure 2 shows  the pipe after mesh.The mesh method used is the finite volume with a very low error step. 

The results was valided by the works done by  

 

 

 

 Fig. 3a Velocity magnitude with 5 slice (3D)                              Fig. 3b Velocity magnitude 1 slice (3D) 

 

The figure 3 and 4 shows how the velocity changes inside the pipe.The difference beteween the two figures is figure 

3a shows the magnitude of velocity with 5 slice and the figure 3b 1 slice.The different colors  on both s diagram show 

how the velocity changes inside the pipe.We observe that , the magnitude of the velocity is higher in the center of the 

pipe relative at the wall.The figure 3b we observe clearly the distribution of the velocity through each axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

La figure 3 shows how the pression changes at the surface of  the pipe.The colors label show how the pression is at 

the surface of the pipe We notice that through the inlet of the pipe the pression is very important at the inlet and it’s 

decreasing  and tends to 0.02 atm at the outlet.That’s shown by the differents colors. 

We remark that the pression is important where exactly the velocity of the fluid is increasing. That means there is 

relationship between the velocity and the pression of the liquid. 

 

4. CONCLUSION 

In this work, the change of surface pression and the magnitude of the velocity of water through pipe were shown. The 

study was established in laminar flow under COMSOL Multiphysics software. 

The surface pression is more important at the inlet relative to the outlet, the magnitude of velocity as well. 

That means there is a relationship between the velocity and the pression in laminar flow.  
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