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Abstract 

 

In this paper, two dimensional pipe of length 0.8m and diameter 0.3m, 0.4m, and 0.45m were simulated respectively 

using Comsol Multiphysics 4.0 software. The governing equations and the k.ε model which accounts for the turbulent 

kinetic energy k and turbulent dissipation rate ε were solved using the simulator. The behaviors of the fluid were 

investigated at radius of 0.23m, 0.33m, and 0.38m respectively near the pipe wall to study its possible impact on the 

pipe wall. Changing in flow pattern with increasing velocity was observed which may cause a phenomenon such as heat 

transfer and consequently increase the mixing rate of dissolved substance. However, the results showed there is an 

indication that the inner wall of the pipes coated with thin film that reduces corrosion gradually decreases down the 

pipes due to the impact of the turbulent kinetic energy and turbulent dissipation rate on the pipe walls. 
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1 Introduction 

Turbulence, the chaotic and apparently unpredictable state of a fluid, is one of the most challenging problems in fluid 

dynamics. But from physical point of view there are many common properties of turbulent flows which can be 

recognized: time and space irregularity, strong mixing, high diffusivity and high vorticity, viscous dissipation, flow 

structures with continuous spectra of length and time scales, large Reynolds numbers and a three dimensional character, 

among others [1]. The smoke of a fire, the wake generated by a moving ship and the flow near a flying aeroplane are 

examples of turbulent flows. Since turbulence strongly increases the mixing and friction in flows, it is an issue of great 

practical significance in technology [2]. Numerous scientists have put much effort into the observation, description and 

understanding of turbulent flows. More than a century ago [3] demonstrated that a flow changes from an orderly to a 

turbulent state when a certain parameter, now called the Reynolds number, exceeds a critical value. Furthermore, an 

hierarchy of eddies (whirls) from large to small scales exists in turbulent flows, in which larger eddies transfer energy to 

smaller eddies, whereas the smallest eddies are dissipated by molecular viscosity.  

Currently, several approaches to study turbulent flows exist: analytical theory, physical experiment and numerical 

simulation [4]. The complexity of the problem strongly slows down progress in the analytical approach. Experimental 

research has been conducted for many years and will remain of fundamental importance in this field. Closely connected 

with the increase of computational power in recent years, growing attention is paid to the numerical simulation of 

turbulence [5], which is also the approach followed in this thesis. This approach is advantageous over experiments when 

many flow quantities at a single instance or quantities which are difficult to measure are needed [6]. 

However, the present study focused on the turbulent flow pattern and velocity distribution along pipes whereas the 

specific objective is to study the effect of turbulent kinetic energy and turbulent dissipation rate on the pipe wall using 

k.ε model. The k.ε model is one of the most used turbulence models for industrial applications. The model introduces 

two additional transport equations and two dependent variables; the turbulence kinetic energy, k and the turbulence 

dissipation rate, ε. The standard model is very suitable for completely turbulent. 
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2 Materials and methods 

2.1     Basic theory of fluid flow  
 

Fluid flow is divided into two regimes namely; the laminar regime and the turbulent regime. However, when a flow 

ceases to be laminar it just does not become turbulent but goes through a process of becoming turbulent, this process is 

called transition to turbulence. The different regimes of fluid flow are function of the Reynolds number. Reynolds 

number (Re) is a dimensionless number that gives a measure of the ratio of inertial forces to viscous forces and 

consequently quantifies the relative importance of these two types of forces for given flow conditions. Mathematically, 

it can be expressed as 

   
   

 
 

Where 

v is the mean velocity  of the fluid (m/s) 

D is the diameter of the pipe considered (m) 

µ is the dynamic viscosity of the fluid (Ns/m
2
, centipoise or pas) 

ρ is the density of the fluid (kg/m
3
)  

The flow is Laminar for Re<2000, transitional between 2000<Re<4000, and turbulent for Re>4000. 

The flow field is assumed to satisfy the continuity and momentum equation for an incompressible fluid. These can be 

expressed as shown below 

Continuity equation 
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Momentum equation 
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(2) can be splitted further into 
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                      (3b) 

Subtracting the Derivative of (3a) with respect to y from the derivative of (3b) with respect to x and defining 

vorticity w as 

  
  

  
 

  

  
    

Result to 
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Applying Stream Function 

Let u = 
  

  
         v =  

  

  
             (5) 

Substituting (5) into (4) 
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                                                           (6) 

Equation (6) is the Navier-Stoke equation in vorticity stream function form. 

 

2.2     Method 
 

Two dimensional pipe of length 0.8m and diameter 0.3m, 0.4m, and 0.45m were simulated respectively using Comsol 

Multiphysics 4.0 software. The governing equations and the k.ε model were solved using the simulator.  The k.ε model 

is a two equations model meaning that it takes into account two extra transport equations in order to account for the 

turbulent properties of the flow. Equation 7 takes into account the turbulent kinetic energy k, and determines the energy 

of the turbulence. Equation 8 is called the turbulent dissipation rate ε, and it is the variable that determines the scale of 

the turbulence. 
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The constant for the k.ε model [7] is shown in Table 1below 
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Table 1: Constant for the k.ε model. 

               

0.09 1.44 1.92 1.0 1.3 

 
Table 2: Shows the characteristics of the fluid used. 

Type of fluid Kerosene 

Density 790(Kg/m
3
) 

Viscosity 

Input velocity 

0.00164 pas 

200, 300, 400 (m/s) 

 

The k.ε turbulence model relies on several assumptions, the most important of which are that the Reynolds number is 

high enough and that the turbulence is in equilibrium in boundary layers, which means that the production equal  

dissipation. The assumptions limit the accuracy of the model; since this is not always true [8]. 

Since it was desired to model turbulence, the wall functions condition was used. After all the conditions were set, the 

model meshed using physics controlled mesh and then solved. Three simulations were performed for pipe diameter of 

0.3m, 0.4m and 0.45m respectively. The behaviors of the fluid were investigated at radius of 0.23m, 0.33m, and 0.38m 

to see the possible effect of turbulence on the pipe wall. 

 

3 Results and discussion 

The graphs below showed the results obtained for velocity distribution, turbulent kinetic energy and turbulent 

dissipation rate. 

 
Figure 1: Changes in axial velocity at radius of 0.23(m) 

 

 

 

 
Figure 2: Changes in axial velocity at radius of 0.33(m) 
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Figure 3: Changes axial velocity at radius of 0.38(m) 

 

 

 

 
Figure 4: Turbulent kinetic energy at radius of 0.23(m) 

 
 

 

 
Figure 5: Turbulent kinetic energy at radius of 0.33(m) 
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Figure 6: Turbulent kinetic energy at radius of 0.38(m) 

 
 

 

 
Figure 7: Turbulent dissipation rate at radius of 0.23(m) 

 

 

 

 
Figure 8: Turbulent dissipation rate at radius of 0.33(m) 
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Figure 9: Turbulent dissipation rate at radius of 0.38(m) 

 

The random, irregular nature and changes in flow pattern of the fluid with increasing velocity as revealed by figures 1 – 

3 is a distinguishing feature of turbulent flow. Changing in flow pattern may cause a phenomenon such as heat transfer 

and consequently increase the mixing rate of dissolved substance being transfer. However, the decreasing trends in 

figures 4 - 9 is an indication that the inner wall of the pipes coated with thin film that reduces corrosion gradually 

decreases down the pipes due to the impact of the turbulent kinetic energy and turbulent dissipation rate on the pipe 

walls. 

 

4 Conclusion 

In many industries like oil and chemical ones, turbulence is very relevant hence, it is important to study its flow pattern 

and investigate its possible effect on pipe walls. Hence, it is revealed in the course of the research that the flow pattern 

of the fluid changes with increasing velocity. However, the effect of the turbulent kinetic energy and turbulent 

dissipation rate on the pipe wall also decreases down the pipe. The present investigation provides valuable insight into 

the dynamics of flow in fluid transport pipelines. Further investigation in dynamics of flow, velocity distribution, 

turbulent kinetic energy and dissipation rate which is influence on heat transfer, corrosion rate etc, needs to be studied 

in more detail, especially for three dimensional flows. 
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