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3.11 Flow in piping systems
To cause a flow of a liquid medium in a pipe, a driving force is required just as the electrical 
analogy, to overcome the frictional resistance of the liquid particles. The necessary energy 
for this is usually delivered by a driven pump or by a high static head. 

The enlarged Bernoulli equation (3-8) is therefore completed by the so-called head loss hv. 
The permanent expenditure of mechanical power is mainly converted into thermal energy 
and cannot be re-gained. The pressure drop, however, comparable with the electrical 
voltage drop at a resistance, can be calculated if the influencing parameters are known 
(flow pattern, fluid velocity and pipe dimensions). 

The head loss hv of straight pipes is obtained per unit of length e. g. per meter. This 
dimensionless quotient Jg is obtained from the quotient of the head loss hv and the 
considered pipe length l and is described as the slope of the hydraulic gradient:

vhJg
l

= (3-22)

vmax

vmean
Figure 3.11.-1:  Velocity profile at laminar flow
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Figure 3.11.-2:  Velocity profile at turbulent flow

The velocity profile in a pipe is not unique. In the immediate proximity of the pipe wall 
the velocity is almost zero, while the liquid reaches a maximum in the center of the pipe. 
In addition, the flow profile depends on the Reynolds number. As mentioned before the 
laminar flow prevails at very low velocities. The flow profile for laminar flow conditions is 
a parabola (Figure 3.11.-1). The highest fluid velocity is in the middle of the pipe while it 
steadily decreases towards the outside. The mean speed of a parabolic velocity profile is 
approx. 50% of the maximum value.

At turbulent flow conditions the velocity distribution is more proportionate than for laminar 
flow as shown in Figure 3.11.-2. The maximum speed occurs - as for laminar flow - in the 
center of the pipe. The mean speed, however, reaches fundamentally higher values than 
at laminar flow with the exception of a very thin boundary layer near the wall, so that the 
resultant mean speed reaches about 80 % to 87 % of the maximum speed in the center 
of pipe. 
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The flow is, in the boundary layer, laminar. The friction losses in the boundary layer can 
be calculated by means of equation (3-25). The friction losses outside the boundary layer 
are of another nature and arise mainly from shock losses in the turbulent fluid.

3.12 Friction losses at laminar flow
The mean velocity, head loss hv and the drop of the hydraulic gradient Jg can be calculated, 
if  the velocity profile is known. At laminar flow conditions with a parabolic velocity profile, 
the mean velocity results in the following equation (3-23):
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(3-23)

Without examining the derivation of the following equation more clearly, the hydraulic 
gradient Jg becomes, in such a case:
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(3-24)

The necessary hydraulic gradient Jg at laminar flow is proportional to the kinematic 
viscosity ν and the mean speed v, as well as reciprocally proportional to the square of the 
pipe diameter. The head loss hv = Jg ∙ l in a pipe is therefore:
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One can express the head loss by inclusion of the Reynolds number in a different fashion:

2

v
64 l vh
Re d 2 g

= ⋅ ⋅
⋅ 

(3-26)

The expression 64/Re is called the pipe friction coefficient λ.

As already mentioned laminar flow hasn't a great meaning in process industries, since it 
doesn’t often appear. Examples for laminar flows are: Highly viscous fluids, suspensions 
and flow through very narrow cross-sections. Due to the thick boundary layer with laminar 
flow, the small grooves or scores on the pipe walls are covered so that the pipe roughness 
doesn't have any influence on the head loss. This effect is contradictory to turbulent 
flow where only a very thin boundary layer exists and near the wall there is already a 
considerable velocity and head loss.
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