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The level in the piezometer is the pressure head and its value is given by 
p
gρ

. 

What would happen to the levels in the piezometers (pressure heads) if the water was flowing with 
velocity = u? We know from earlier examples that as velocity increases so pressure falls … 
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Figure 12: Piezometer levels when fluid is flowing 
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We see in this figure that the levels have reduced by an amount equal to the velocity head, 
u

g

2

2
. Now as 

the pipe is of constant diameter we know that the velocity is constant along the pipe so the velocity head 
is constant and represented graphically by the horizontal line shown. (this line is known as the hydraulic 
grade line). 

What would happen if the pipe were not of constant diameter? Look at the figure below where the pipe 
from the example above is replaced by a pipe of three sections with the middle section of larger diameter 
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Figure 13: Piezometer levels and velocity heads with fluid flowing in varying diameter pipes 

The velocity head at each point is now different. This is because the velocity is different at each point. By 
considering continuity we know that the velocity is different because the diameter of the pipe is different. 
Which pipe has the greatest diameter? 
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Pipe 2, because the velocity, and hence the velocity head, is the smallest. 

This graphical representation has the advantage that we can see at a glance the pressures in the system. 
For example, where along the whole line is the lowest pressure head? It is where the hydraulic grade line 
is nearest to the pipe elevation i.e. at the highest point of the pipe.  

1.8 Flow in pipes with losses due to friction. 
In a real pipe line there are energy losses due to friction - these must be taken into account as they can be 
very significant. How would the pressure and hydraulic grade lines change with friction? Going back to 
the constant diameter pipe, we would have a pressure situation like this shown below 
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Figure 14: Hydraulic Grade line and Total head lines for a constant diameter pipe with friction 

How can the total head be changing? We have said that the total head - or total energy per unit weight - is 
constant. We are considering energy conservation, so if we allow for an amount of energy to be lost due 
to friction the total head will change. Equation  19 is the Bernoulli equation as applied to a pipe line with 
the energy loss due to friction written as a head and given the symbol  (the head loss due to friction) 
and the local energy losses written as a head, h

hf

L (the local head loss). 
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1

2
11

22 ρρ
Equation 23 

1.9 Reservoir and Pipe Example 

Consider the example of a reservoir feeding a pipe, as shown in figure 15.  

Figure 15: Reservoir feeding a pipe 
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