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Abstract— In our contemporary life, it should be noted that using softwares to simulate fluid dynamic has become increasingly popular. 

There are many closed-source software packages used to model as well as simulate the fluid behavior, and COMSOL Multiphysics is one 

of the most powerful tools which many researchers prefer. In this paper, this software is therefore carried out to model laminar flow through 

a pipe with the purpose of understanding the dynamic structural of the laminar flow and their interactions. Also, at three-dimensional, an 

accurate time finite element methodology is conducted to perform the computations. The results indicate that the relationship between the 

aero-dynamics parameters such as: velocity, pressure depends heavily on the position and shape of pipe that flows go through. The 

physical mechanisms of these phenomena are analyzed, which can be a basis for predicting the structure of dynamic flows in real-world 

operation. 

Index Terms— Mumerical Simulation, Laminar Flow, Turbulence Flow, COMSOL Multiphysics, Incompressible Flow, CFD, Finite Volume 

Method   

——————————      —————————— 

1 INTRODUCTION                                                                     

ipe flow under pressure is used for various different pur-
poses. A fundamental understanding of fluid flow is com-
pleted necessary to with chemical engineering [1]. In the 

chemical and manufacturing industries, large flow networks 
are necessary to reach continuous transport of products and 
raw materials from various processing units. This requires a 
detailed understanding of fluid in pipes. Energy input to the 
gas or liquid is needed to make it flow through the pipe. This 
energy input is needed because there is frictional energy loss 
due to the friction between the fluid and the pipe wall and  
internal friction within the fluid. In pipe flow substantial ener-
gy is lost due to frictional resistances. 

One of the most common problem in fluid mechanics is the 
estimation of this pressure loss. Determining the appropriate 
size pump will be easier than when pressure losses is comput-
ed [2]. Knowledge of the magnitude of frictional losses is of 
great importance since it decides the power requirements of 
the pump forcing the fluid through the pipe [3].  

When a fluid flows through a pipe, the internal roughness 
of the pipe wall will generate local eddy currents within the 
fluid adding a resistance to flow of the fluid. The velocity pro-
file in a pipe will point out that the fluid elements in the center 
of the pipe will move at a higher speed than those closer to the 
wall. Therefore, friction will turn up between layers within the 
fluid. This movement of fluid elements relative to each other is 
associated with pressure drop, called frictional losses [4]. 
Pipes with smooth walls such as glass, copper, brass and poly-
ethylene have only a small effect on the frictional resistance. 
Pipes with less smooth walls such as concrete, cast iron and 
steel will create larger eddy currents which will sometimes 
have a significant effect on the frictional resistance. Rougher 
the inner wall of the pipe, more will be the pressure loss due 
to friction [5]. 

Velocity of flow will be proportional to flow rate.  Smaller 
pipe causes a greater proportion of the liquid to be in contact 

with the pipe, which creates friction. Pipe size also affects ve-
locity. Given a constant flow rate, decreasing pipe size in-
creases the velocity, which increases friction. The friction loss-
es are cumulative as the fluid travels through the length of 
pipe. The greater the distance, the greater the friction losses 
will be. Fluids with a high viscosity will flow more slowly and 
will generally not support eddy currents and therefore the 
internal roughness of the pipe will have no effect on the fric-
tional resistance [6]. This condition is known as laminar flow. 

 

 

 

 

 

 

 

 

Fig. 1. Laminar flow through pipe 

2 THEORETICAL BASIC LAMINAR FLOW 

THROUGH A PIPE 
2.1. The average velocity of laminar flow through a pipe 

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 in the flow direction. There is 
no motion in the radial direction, and thus the velocity com-
ponent in the direction normal to flow is everywhere zero. 
There is no acceleration since the flow is steady and fully 
developed.  

Now, consider a ring-shaped differential volume element of 
radius r, thickness dr, and length dx oriented coaxially with 
the pipe, as shown in Fig.2.  
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Fig.2. Free-body diagram of a ring-shaped differential fluid element of 

radius r, thickness dr, and length dx oriented coaxially with a horizontal 

pipe in fully developed laminar flow 

 
The volume element involves only pressure and viscous ef-

fects and thus the pressure and shear forces must balance each 
other. The pressure force acting on a submerged plane surface 
is the product of the pressure at the centroid of the surface and 
the surface area. A force balance on the volume element in the 
flow direction gives: 

(2πrdrP)x–(2πdrP)x+dx+(2πrdx)r–(2πdx)r+dr =0       (2-1) 
which indicates that in fully developed flow in a horizontal 

pipe, the viscous and pressure forces balance each other. Di-
viding by 2πdrdx andrearranging, 

 
                                                                                                (2-2) 
 
Taking the limit as dr,dx 0 gives 
 
                                                                                                (2-3) 
 
 
Substituting  =-µ (du/dr) and taking µ= constant gives the 

desired equation,       
 

                                                                                                (2-4) 
 
The quantity du/dr is negative in pipe flow, and the nega-

tive sign is included to obtain positive values for . (Or, du/dr 
=- du/dy since y =R-r.) The left side of Eq.2-4 is a function of r, 
and the right side is a function of x. The equality must hold for 
any value of r and x, and an equality of the form f(r) = g(x) can 
be satisfied only if both f(r) and g(x) are equal to the same con-
stant. Thus we conclude that dP/dx = constant. This can be 
verified by writing a force balance on a volume element of 
radius R and thickness dx (a slice of the pipe), which gives 
Fig.3: 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Free-body diagram of a fluid disk element of radius R and length 

dx in fully developed laminar flow in a horizontal pipe. 

 

 
                                                                                             (2-5) 
 
Here tw is constant since the viscosity and the velocity pro-

file are constants in the fully developed region. Therefore, 
dP/dx = constant. Equation 2-4 can be solved by rearranging 
and integrating it twice to give: 

 

                                                                                             (2-6) 
 
The velocity profile u(r) is obtained by applying the bound-

ary conditions u/r = 0 at r = 0 (because of symmetry about 
the centerline) and u = 0 at r = R (the no-slip condition at the 
pipe surface). We get: 

 
                                                                                             (2-7) 
 
Therefore, the velocity profile in fully developed laminar 

flow in a pipe is parabolic with a maximum at the centerline 
and minimum (zero) at the pipe wall. Also, the axial velocity u 
is positive for any r, and thus the axial pressure gradient 
dP/dx must be ne ative (i.e., pressure must decrease in the 
flow direction because of viscous effects) 

The average velocity is determined : 

 

 

                                                                                                        

                                                                                                  (2-8) 
     

 Combining the last two equations, the velocity profile is 
rewritten as: 

u(r) = 2Vavg ( 1-r2/R2)                                                         (2-9) 
This is a convenient form for the velocity profile since Vavg 

can be determined easily from the flow rate information. 
The maximum velocity occurs at the centerline and is deter-
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mined from: Eq.2-9 by substituting r = 0 
Umax =2Vmax               (2-10) 
Therefore, the average velocity in fully developed laminar 

pipe flow is onehalf of the maximum velocity. 
2.2. Pressure Drop of laminar flow through a pipe 
     A quantity of interest in the analysis of pipe flow is the 
pressure drop P since it is directly related to the power re-
quirements of the fan or pump to maintain flow. We note  that 
dP/dx = constant, and integrating from x = x1 where the pres-
sure is P1 to x = x1 + L where the pressure is P2 gives: 
 

                                                                                                     (2-11) 

   Substituting Eq.2-11 into the Vavg  expression Eg. 2-8 

                                                                                                     (2-12) 

   The symbol  is typically used to indicate the difference be-
tween the final and initial values, like y = y2 – y1. But in fluid 
flow, P is used to designate pressure drop, and thus it is P1 – 
P2. A pressure drop due to viscous effects represents an irre-
versible pressure loss, and it is called pressure loss 
PL to emphasize that it is a loss (just like the head loss hL, 
which is proportional to it). 

In practice, it is found convenient to express the pressure 
loss for all types of fully developed internal flows as Fig.4 

 
 
 
 
 
 
 
 
 

Fig.4. The relation for pressure is one of the most generalrelations in 

fluid mechanics, and it is valid for laminar or turbulent flows, circular or 

noncircular pipes, and pipes with smooth or rough surfaces 

 
Pressure loss: 
PL =fLV2

avg/2D             (2-13) 
where V2

vag/2 is the dynamic pressure and f is the Darcy 
friction factor 

f= 8w/ V2
avg               (2-14) 

3 METHOD 

  COMSOL is the dominant physics simulation software in 
which Finite element method (FEM) and Partial differential 
equation are solved. The abilities of the software expand into 
the following eight add-on modules. Those are AC/DC, 
Chemical Engineering, Heat Transfer, and Structural Mechan-
ics. Model libraries and supporting software such as Livelinks 
for SolidWorks and CAD have developed by the company [7]. 

COMSOL has various convenient features that have made 
this software be beneficial to the many engineers. It has devel-
oped in such a way that it is very easy to use for the simula-
tion and modelling of real-world multiphysics. As a result, 
COMSOL has been a leading provider and developer of tech-
nical computing software. COMSOL is now the primary tools 
for engineers, researchers, and lecturers in the education and 
high tech product designs fields. 

COMSOL simulation is a fundamental apparatus for the 
development of a new product. A various applications are in-

cluded such as chemical, mechanical, electrical, and fluid. 
While talking about the need to couple the physics affecting a 
system; COMSOL simulation helps by providing an integrated 
simulation platform. COMSOL has been the unique simula-
tion power offered which allows the present day‟s researchers 
and engineers to design the products in a short interval of 
time with low price. In conclusion, design challenges between 
physical effects interactions can be solved by the COMSOL 
Software. 
3.1. Tutorial COMSOL 

        The Steady Incompressible flow tutorial in COMSOL 
Multiphysic version 5.2a is solved. Steady incompressible Na-
vier-Stokes backstep geometry models help to examine the 
physics of the geometry in the absence of external forces. In 
the geometry below in Fig.5, fluid enters from the narrower 
region towards the wider region making a velocity profile of 
parabolic structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Computational domain 

        The velocity components of fluid u = (u, v) is computed in 
the x and y axis and the pressure p in the region is defined by 
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the geometry of the above figure. The stationary incompressi-
ble Navier-Stokes equations are used by the Partial Differen-
tial Equation (PDE) model of this application. The equations 
are as follows: 

       (u*)u=[-pI+u{u+(u)
T
}]+F                                        (3-1) 

       *u=0                                                                                  (3-2) 

      The first equation is the balance of momentum from New-
ton`s second law. The second equation is the equation of con-
tinuity, where zero on the right-hand side states that fluid is 
incompressible. The pattern of the flow depends only on the 
Reynolds number. The properties are as follows: 

       Dynamic viscosity (µ) = 0.0000182 Pa.s 

       Density () = 1.2 kg/m3 

      First of all, software for the analysis of COMSOL Mul-
tiphysics is opened, and the selection of laminar flow model is 
done for the simulation. Under fluid flow, single phase 24 
flow and laminar flow were selected respectively. After the 
selection of flow model, study method was chosen as a sta-
tionary in which the field variables do not change according to 
the time. Then the geometry of the backflow is drawn. Here, a 
property of air is taken as fluid. It is shown in Fig.7. 

 

 

 

 

 

 

 

 

 

Fig.6. Insertion of Fluid Properties in Laminar Flow 

      Inlet:  Average velocity was V = 1 m/s used by COMSOL 
in this model and the same velocity were used to solve this 
tutorial. Inlet Properties is shown in Fig.8. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7. Inlet Properties 

 

  Outlet: At outlet, pressure was selected as a boundary 
condition and was zero as a suppress backflow. Outlet proper-
ties is shown in Fig. 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8. Outlet Properties 

 
      Meshing: After inserting all properties, meshing is another 
step for the COMSOL simulation of the laminar flow under 
fluid analysis. Meshing is defined as the representation of ge-
ometric shapes expressed as a set of finite elements. In this 
flow analysis, all of the meshes created were physics con-
trolled and automatically generated.  

 
 
 
 
 
 
 
 
 

 
 

 

.9. Mesh properties 
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Fig.10. After mesh 

4 RESULT AND DISCUSSION 

4.1. Velocity of laminar flow through a pipe 
       The velocity magnitude is shown in the figure below. Dif-
ferent colour seen in the legends represents the difference in 
velocity according to the position of a pipe. The maximum . 
average and minimum velocity is also located in a pipeline 
figure below. The average velocity is increasingly reduced 
when laminar flow near wall. The maximum velocity occurs at 
the centerline of pipe. This pointed out that the fluid elements 
in the center of the pipe will move at a higher speed than those 
closer to the wall. It is perfectly consistent with the proven 
theoretical basis. 
     
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 
 

Fig.11. Velocity simulation of laminar flow through a pipe (2D) 

 

 

 

 

 

 

 

 

 

 

 

Fig.12. Velocity simulation of laminar flow through a pipe (3D) 

 

4.3 Pressure of laminar flow through a pipe 

       The pressure in the different region of pipeline is repre-
sented by the variation in the colour shown in the figure be-
low. The figure shows that the pressure is in decreasing order 
starting from inlet towards outlet.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.13. Pressure simulation of laminar flow through a pipe 

4 CONCLUSION 

        In this paperm,The basic idea of this thesis is to use 
standard COMSOL for the observation of the  laminar flow of 
fluids in a pipe and compare it with the results obtained in the 
theoretical basis. Hence, fluid flow was able to compare after 
the successful simulation but heat transfer did not converge to 
give a result. 
       Additionally, a finite element methodology has been 

adopted to visualize the dynamics of the flow characteristics 

inside the pipe. The average velocity from the COMSOL simula-

tion was found 1 m/s. In particular, the maximum value of 
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laminar flow velocity appeared at the center of the pipe.  The-

se values of velocity found experimentally and COMSOL sim-

ulation is the same. This also reinforces the authenticity of the 

theoretical basis for laminar flow through the pipe. 
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