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Abstract - This work is an implementation of research carried out over the last few years. It is about obtaining the 

coefficient of head loss (also known as the coefficient of friction) in a straight pipe using a graphical approach. The aim 

is to estimate it using an approach deemed to be direct and capable of producing more convincing results. Our 

approach consists of  modeling two structures on which we have been working for some time in order to deduce the 

friction on the walls of their penstocks. It results from this work that, once the input data have been mastered, the 

graphical approach can be very useful for determining the friction on the walls of a pipe, whatever the fluid in transit.  

Keywords - Modeling, Colebrook-White equation, Pressure drop coefficient, Penstock, CFD.  

1. Introduction  
Nowadays, there are several relationships available for determining the linear head loss coefficient. Although 

they have been adapted to each flow regime, they are more or less appreciated depending on their use. For laminar 

flow, the formula proposed by Poisseille [1] appears to be one of the simplest. When dealing with a turbulent 

regime, it becomes necessary to differentiate the type of turbulence: smooth or rough. 

The work of Osborne Reynolds (1842-1912) helped define the boundaries between these two types. From this, 

two famous relationships emerged for each type: the Blasius relationship [2] for smooth turbulent flow and the 

Blench relationship [3] for rough turbulent flow [4]. It should be added that many researchers have developed 

formulas and approaches which, despite their complexity for some and their limitations for others, are used for 

different regimes.  

This is the case of [5-9], not to mention derivative studies such as that by [10] or that of [11] approximations or 

[11-23] relations. We also note that one of the direct methods currently in use is the use of the diagram proposed 
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by L. F. Moody [24], a diagram obtained under input conditions (input data) almost similar to our approach. The 

purpose of this paper is, therefore, to present another approach that can be used to determine this pressure loss 

coefficient. 

2. Materials and Methods  
To carry out this work, we based on two structures which we have been studying for several years now. These 

are the Lagdo Dam in northern Cameroon and the Songloulou Dam, the main energy supplier in the southern part 

of the country. These structures were modeled in Gambit 2.2, and the data collected in each structure at a given 

time were entered in the Fluent 6.2.2 solver. Figures 1 and 2 below show the models of our structures. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

(a)                                                                                                      (b) 

Fig. 1(a) Modeling [25, 26], and (b) Meshing of the Song Loulou dam. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                              (a)                                                                                                                         (b) 

Fig. 2(a) Modeling [25, 26], and (b) Meshing of the Lagdo dam. 

The first step was to clamp the mesh to the walls. Next, the mesh was cut close to the walls in steps of 0.5mm 

up to a height of 20mm. We then introduced the software formula 1 below, developed by F.C. Scobey [8], which, for 

each step considered, gave a very distinct profile. 
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1

√𝑓
= −2𝑙𝑜𝑔10 [

𝜀 𝐷⁄

3.7
+

2.51

𝑅𝑒√𝑓
] (1) 

This is how we obtained the maximum height above which friction begins to fall. It should be noted that the 

integration of this formula required a prior step in a solver, which implied a very high computation time. It should 

also be pointed out that the fluid considered in this work was just clear water [26]. 

3. Results and Discussion  
The height for the maximum head loss coefficient found is 5mm from the walls (i.e., e = εmax = 5mm). For each 

Section, we extracted the evolution of friction in the pipe for 5 velocities, from the minimum velocity observable in 

each structure to the maximum velocity 

3.1. Application to the Lagdo Dam 

Velocities in this dam range from 3.1 m/s to 3.87 m/s. 

3.1.1. Bottom Wall 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                                    (a)                                                                                                            (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(c) 

Fig. 3 Evolution of turbulent friction in (a) Section 1, (b) Section 2, and (c) Section 3 for different Re. 
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3.1.2. Top Wall 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                                      (a)                                                                                                         (b) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
(c) 

Fig. 4 Evolution of turbulent friction in (a) Section 1, (b)  Section 2, and (c) Section 3 for different Re. 

These results are more interesting in that they highlight the limitations of current approaches. We can clearly 

see that the head loss coefficient is not identical for the same section of a given pipe, as shown by current 

approaches. Even at a given instant t, we find different values for the same section of pipe. This can be seen most 

clearly in Figure 5  below. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5 Turbulent friction in the two pipe sections on the bottom wall (solid line) and the top wall (mixed line) for Re=26.9*106 
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3.2. Application to the Songloulou Dam 

Velocities in this dam range from 4.045m/s to 4.73m/s. 

3.2.1. Bottom Wall 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                                       (a)                                                                                                      (b) 

Fig. 6 Evolution of turbulent friction in (a) Section 1, and (b) Section 2 for different Re. 

3.2.2. Top Wall 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                                       (a)                                                                                                     (b) 

Fig. 7 Evolution of turbulent friction in (a) Section 1, and (b) Section 2 for different Re. 

As in the previous case, Figure 8 below shows the difference between the two walls. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8 Turbulent friction in both sections of the pipe on the bottom wall (solid line) and the top wall (mixed line) for Re=26.9*106 
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4. Comparative Study 
We took the Moody diagram completed by [27, 28] after his work on various penstock linings. We then inserted 

the profiles obtained and assessed our approach. Figures 9(a) and 9(b) below show the results obtained. 
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(b) 

Fig. 9  Evolution of turbulent friction in the Lagdo penstock (blue) in the Songloulou penstock (red) for (a) The bottom wall, and                           

(b) The top wall. 
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The profiles left by the low walls (Figure 9(a)) and high walls (Figure 9(b)) on both structures follow a pattern 

that is similar to that of the Moody diagram, and also to that deduced by Levin. However, since we did not consider 

the same diameter and used clear water, the difference is justified. This discrepancy is also justified by the size of 

the structure and the approach used. 

5. Conclusion  
At the end of this work, in which we proposed to carry out a graphical study of the coefficient of head loss in a 

pipe, it emerged that this approach could be an interesting solution for hydraulic engineers. After identifying the 

structures to be studied and modeling them using software proven by researchers to be effective in the study of 

complex environments, we integrated the parameters recorded at various sites. This enabled us to obtain results 

that can be directly exploited. These results also show that the coefficient of head loss is not identical over a section 

of the same pipe. This means that the coefficient of friction in a section of pipe at the same speed, is not identical as 

determined in current practices. 
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