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It is often necessary to determine the head loss, that occurs in a pipe flow so that the 

energy equation (1), can be used in the analysis of pipe flow problems. 

3

As shown in Fig.(1), a typical pipe system usually consists of various lengths of straight 

pipe interspersed with various types of components (valves, elbows, etc.). The overall 

head loss for the pipe system consists of the head loss due to viscous effects in the 

straight pipes, termed the major loss and denoted hL major, and the head loss in the 

various pipe components, termed the minor loss and denoted hL minor That is,

………………..(1)

………………..(2)
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The head loss designations of “major” and “minor” do not necessarily reflect the relative 

importance of each type of loss. 

For a pipe system that contains many components and a relatively short length of pipe, the 

minor loss may actually be larger than the major loss. 
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A dimensional analysis treatment of pipe flow provides the most convenient base from 

which to consider turbulent, fully developed pipe flow.

Major losses

The pressure drop and head loss in a pipe are 

dependent on the wall shear stress, 𝝉𝒔 between the fluid 

and pipe surface. A fundamental difference between 

laminar and turbulent flow is that the shear stress for 

turbulent flow is a function of the density of the fluid, ρ.
For laminar flow, the shear stress is independent of the 

density, leaving the viscosity, μ as the only important 

fluid property. 
Thus, as indicated by the figure in the margin, the pressure drop, for steady, 

incompressible turbulent flow in a horizontal round pipe of diameter D can be written in 

functional form as,
………………..(3)Δp =  F (V, D, l, ɛ, μ , ρ)
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Where,

V- is the average velocity,

l- is the pipe length,

ɛ - is a measure of the roughness of the pipe wall.

D – Pipe diameter.  

It is clear that Δp should be a function of V, D, and l .

The dependence of on the fluid properties, viscosity μ and 

density ρ is expected because of the dependence of on these 

parameters.

Δp =  F (V, D, l, ɛ, μ , ρ)

Although the pressure drop for laminar pipe flow is found to be independent of the 

roughness of the pipe, it is necessary to include this parameter when considering turbulent 

flow. 

for turbulent flow there is a relatively thin viscous sublayer formed in the fluid near the pipe 

wall. In many instances this layer is very thin; 

𝜹𝒔 ≪ 𝟏, where 𝜹𝒔 is the sublayer thickness.
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If a typical wall roughness element 

protrudes sufficiently far into (or even 

through) this layer, the structure and 

properties of the viscous sublayer (along 

with Δp and 𝝉𝒔) will be different than if the 

wall were smooth.

Thus, for turbulent flow the pressure drop 

is expected to be a function of the wall 

roughness. For laminar flow there is no 

thin viscous layer—viscous effects are 

important across the entire pipe. Thus, 

relatively small roughness elements have 

completely negligible effects on laminar 

pipe flow.
2
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For pipes with very large wall “roughness” (ɛ/D ≥ 0.1), such as that in 

corrugated pipes, the flowrate may be a function of the “roughness.” We will 

consider only typical constant diameter pipes with relative roughness in the 

range (0 ≤ ɛ/D ≤ 0.05). Analysis of flow in corrugated pipes does not fit into the 

standard constant diameter pipe category, although experimental results for 

such pipes are available.
The list of parameters given in Eq. 3 is apparently a complete one. That is, experiments 

have shown that other parameters (such as surface tension, vapor pressure, etc.) do not 

affect the pressure drop for the conditions stated (steady, incompressible flow; round, 

horizontal pipe). Since there are seven variables (k=7) that can be written in terms of the 

three reference dimensions MLT (r = 3) Eq. 3 can be written in dimensionless form in terms 

of k – r = 4 dimensionless groups. One such representation is, 

Re = 
𝜌 𝑉 𝐷

𝜇
, Reynolds number 

Relative roughness = 
𝜀

𝐷
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The functional representation can be simplified by imposing the reasonable assumption 

that the pressure drop should be proportional to the pipe length. Such a step is not within 

the realm of dimensional analysis. It is merely a logical assumption supported by 

experiments. The only way that this can be true is if the dependence is factored out as

The quantity is   
∆𝑝𝐷

(
𝑙𝜌𝑉2

2
)
termed the friction factor,  f.  Thus, for a horizontal pipe

Where,
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For laminar fully developed flow, the value of  f = 64/Re, is simply independent of 𝜀/𝐷. 

For turbulent flow, the functional dependence of the friction factor on the Reynolds 

number and the relative roughness, is a rather complex one that cannot, as yet, be 

obtained from a theoretical analysis. 

The results are obtained from an exhaustive set of experiments and usually resented in 

terms of a curve-fitting formula or the equivalent graphical form.

The energy equation for steady incompressible flow is,
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where is the head loss between sections (1) and (2). With the assumption of a constant 

diameter (D1 = D2 so that V1=V2), so that horizontal pipe (z1=z2) with fully developed flow 

this becomes Δp = p1 – p2 = 𝜸𝒉𝑳 which can be combined with Eq. 6 to give ,

………………..(8)

………………..(9)
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Equation 9, called the Darcy–Weisbach equation, is valid for any fully developed, 

steady, incompressible pipe flow—whether the pipe is horizontal or on a hill. On the other 

hand, Eq. 6

is valid only for horizontal pipes. In general, with the energy equation gives 
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Part of the pressure change is due to the elevation change and part is due to the head 

loss associated with frictional effects, which are given in terms of the friction factor, f. 

Figure 3 shows the functional dependence of f on Re and is called the Moody chart.

The Moody chart, is universally valid for all steady, fully developed, incompressible pipe 

flows. 

The figure provide the correct correlation for 𝑓 = ∅ 𝑅𝑒,
𝜀

𝐷
.

Typical roughness values for various pipe surfaces are given in Table (1) 

………………..(10
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It is important to observe that the values of relative roughness given pertain to new, clean 

pipes. After considerable use, most pipes (because of a buildup of corrosion or scale) 

may have a relative roughness that is considerably larger (perhaps by an order of 

magnitude) than that given. As shown by the figure below, very old pipes may have 

enough scale buildup to not only alter the value of but also to change their effective 

diameter by a considerable amount.

Dr. Ibrahim Al-Hafidh / College of Petroleum and Mining Engineering 

The figure provide the correct correlation for 𝑓 = ∅ (𝑅𝑒,
𝜀

𝐷
). 

For laminar flow, f = 64/Re which is independent of relative 

roughness. For turbulent flows with very large Reynolds numbers 𝑓

= ∅
𝜀

𝐷
, which, as shown by the figure below, is independent of the 

Reynolds number. 

For such flows, commonly termed completely turbulent flow (or 

wholly turbulent flow), the laminar sublayer is so thin (its thickness 

decreases with increasing Re) that the surface roughness 

completely dominates the character of the flow near the wall. 
2100 < Re < 4000

Laminar , Transition , Turbulent 
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The following equation from Colebrook is valid for the entire nonlaminar range of 

the Moody chart 
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………..(11.a)

The Moody chart is a graphical representation of this equation, which is an empirical fit of 

the pipe flow pressure drop data. Equation 11 is called the Colebrook formula.

The Haaland equation, which is easier to use, is given by 

………..(11.b)
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Table (2)



17

Table (3)
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As discussed in the previous section, the head loss in long, straight sections of pipe, the 

major losses, can be calculated by use of the friction factor obtained from either the Moody 

chart or the Colebrook equation. 

Most pipe systems, however, consist of considerably more than straight pipes. These 

additional components (valves, bends, tees, and the like) add to the overall head loss of the 

system. Such losses are generally termed minor losses, with the corresponding head loss 

denoted hLminor. In this section we indicate how to determine the various minor losses that 

commonly occur in pipe systems. 

Minor losses

The head loss associated with flow through a valve is a common minor loss. The purpose of 

a valve is to provide a means to regulate the flowrate. This is accomplished by changing the 

geometry of the system (i.e., closing or opening the valve alters the flow pattern through the 

valve), which in turn alters the losses associated with the flow through the valve. The flow 

resistance or head loss through the valve may be a significant portion of the resistance in 

the system.
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The most common method used to determine these 

head losses or pressure drops is to specify the loss 

coefficient, KL which is defined as

4

The flow pattern through a typical component such as a valve is shown in Fig. 4. 

………..(12)

The actual value of is strongly dependent on the 

geometry of the component considered. It may also be 

dependent on the fluid properties. That is, 

Minor losses are sometimes given in terms of an equivalent length, leq In this terminology, the 

head loss through a component is given in terms of the equivalent length of pipe that would 

produce the same head loss as the component. That is, 

where D and f are based on the pipe containing the component. 
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The head loss of the pipe system is the 

same as that produced in a straight 

pipe whose length is equal to the pipes 

of the original system plus the sum of 

the additional equivalent lengths of all 

of the components of the system. Most 

pipe flow analyses, including those in 

this book, use the loss coefficient 

method rather than the equivalent 

length method to determine the minor 

losses. 

Many pipe systems contain various transition sections in which the pipe diameter 

changes from one size to another. Such changes may occur abruptly or rather smoothly 

through some type of area change section. Any change in flow area contributes losses 

that are not accounted for in the fully developed head loss calculation (the friction factor). 

The extreme cases involve flow into a pipe from a reservoir (an entrance) or out of a pipe 

into a reservoir (an exit). 
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6
7
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A head loss (the exit loss) is also produced when a fluid flows from a pipe into a 

tank as is shown in Fig. 8
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In these cases the entire kinetic 

energy of the exiting fluid (velocity 

V1) is dissipated through viscous 

effects as the stream of fluid mixes 

with the fluid in the tank and 

eventually comes to rest (V2 = 0).

The exit loss from points (1) and 

(2) is therefore equivalent to one 

velocity head, Kl=1.



Losses also occur because of a change in pipe diameter as is shown in Figs. 9 and 10. 
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The sharp-edged entrance and exit flows discussed in the previous paragraphs are 

limiting cases of this type of flow with either A1/A2= ∞, or A1/A2 =0 respectively. The loss 

coefficient for a sudden contraction, KL= ℎ𝐿/(
𝑉2
2

2𝑔
) is a function of the area ratio, A2/A1 as is 

shown in Fig. 9 . The value of KL changes gradually from one extreme of a sharp-edged 

entrance (A2/A1=0 with KL=0.5) to the other extreme of no area change (A2/A1=1 with 

KL=0)



In many ways, the flow in a sudden expansion is similar to exit flow. As is indicated in 

Fig. 11, the fluid leaves the smaller pipe and initially forms a jet-type structure as it 

enters the larger pipe. 

1/23/2025
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In this process [between sections (2) and (3)] a portion of the kinetic energy of the fluid is 

dissipated as a result of viscous effects. A square edged exit is the limiting case with 

A1/A2=0

11



These can be rearranged to give the loss 

coefficient,

as KL= ℎ𝐿/(
𝑉2
2

2𝑔)
) as:

Where we have used the fact that A2=A3

From continuity and momentum equations for the control volume shown in Fig. 11 and 

the energy equation applied between (2) and (3). We assume that the flow is uniform at 

sections (1), (2), and (3) and the pressure is constant across the left-hand side of the 

control volume (pa = pb = pc = p1). The resulting three governing equations (mass, 

momentum, and energy) are 
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As with so many minor loss situations, it is not the viscous effects directly (i.e., the wall 

shear stress) that cause the loss. Rather, it is the dissipation of kinetic energy (another 

type of viscous effect) as the fluid decelerates inefficiently.

And
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Table (4)
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