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Significant learning outcomes 

Conceptual Knowledge 
 Explain the meaning of energy, work, and power. 

 Describe various type of head terms (pressure head, pump head, velocity 

head, turbine head, etc.). 

 Explain the meaning of pump, turbine, efficiency, and head loss. 

 List the steps used to derive the energy equation. 

Procedural Knowledge 
 Apply the energy equation to predict variables such as pressure drop and 

head loss. 

 Apply the power equation to find the power required for a pump or power 

supplied by a turbine. 

 Sketch an Energy Grade Line (EGL) or a Hydraulic Grade Line (HGL) 

and explain the trends. 

Applications (typical) 
 For a centrifugal pump or an axial fan, determine the requirements (e.g., 

energy, head, flow rate). 

 For a turbine, establish how much power can be produced. 

 For a piping system, identify locations of cavitation by sketching an HGL. 
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7.1 Energy, work and power 

• Definitions: Energy, work and power 

• What is a machine? 

• Hydraulic machines: Pump and turbine 
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7.2 Energy Equation: General form 

First law of thermodynamics: The change in the energy of a 
system is equal to the heat transferred to the system minus work 
done by the system 

 

Total Energy of a system= Internal Energy + Kinetic Energy + Potential 
Energy 

 
pku EEEE 

WQE  WQ
dt

dE  

EBsys  eb  e energy per unit mass 
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Work is divided into Flow Work and Shaft Work 
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For a steady flow, the 
energy equation between 
section 1 and 2 can be 
written as 
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7.3 Energy equation: 

Pipe flow 
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At section 1 and 2, where the flow is uniform, p  is constant over the 
cross-section, the internal energy is also constant across the 
sections, so 
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If average velocities at section 1 and 2 are denoted using over-bar 
on V and we use the following expressions 
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We can express the energy equation as 

The factor  is called as kinetic energy correction factor. It is equal 
to unity for uniform velocity across the section and greater than 1 
for non uniform velocity distribution (which is the case in most of 
the practical situations). 
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The value of  for laminar flow is 2.0 which can be proved from the 
laminar velocity profile  
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The shaft-work term in the above equations is usually the result of a 
turbine or pump in the flow network. Therefore 

And we can rearrange the above energy equation as 

:Head supplied by the pump to the fluid 
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:Head loss 

Energy equation can be written in a general form for steady flow 
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• Special Case : Incompressible flow with no mechanical work 
devices and negligible friction 
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We get the well known Bernoulli Equation. 
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7.4 Power equation 

ppp QhghmW  

ttt QhghmW  

:Power supplied by the pump to the fluid 

:Power supplied to the turbine by the fluid 

p

t

:Mechanical efficiency of the pump 

:Mechanical efficiency of the turbine 

Power input to the pump by motor: 

p

pW





Power output from the turbine to generator: ttW

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7.7 Hydraulic Grade Line (HGL) 

and Energy Grade Line (EGL) 
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Tips for Drawing HGLs 

and EGLs 

1. In a lake or reservoir, the 

HGL and EGL will coincide 

with the liquid surface. 

Also, both the HGL and 

EGL will indicate 

piezometric head (Fig.7.7).  

Fig. 7.7 
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2. A pump causes an abrupt rise in the EGL and HGL by adding energy to 

the flow. (Fig.7.8). 

3. For steady flow in a Pipe of constant diameter and wall roughness, the 

slope of the EGL and the HGL will be constant (Fig. 7.7). 

4. Locate the HGL below the EGL by a distance of the velocity head 

(αV2/2g). 

5. Height of the EGL decreases in the flow direction unless a pump is 

present. 

Fig. 7.8 
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6. A turbine causes an abrupt drop in the EGL and HGL by removing energy 

from the flow (Fig. 7.9). 

7. Power generated by a turbine can be increased by using a gradual 

expansion at the turbine outlet. As shown in Fig. 7.9, the expansion converts 

kinetic energy to pressure. If the outlet to a reservoir is an 

abrupt expansion, as in Fig. 7.11, this kinetic energy is lost. 

 

Fig. 7.9 
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8. When a pipe discharges into the atmosphere the HGL is coincident 
with the system because p/ = 0 at these points. For example, in 
Figures 7.10 and 7.12, the HGL in the liquid jet is drawn through the jet 

itself. 

9. When a flow passage changes diameter, the distance between the 
EGL and the HGL will change (Fig. 7.10 and Fig. 7.11) because velocity 
changes. In addition, the slope on the EGL will change because the 

head loss per length will be larger in the conduit with the larger velocity 
(see Fig. 7.11). 

Fig. 7.10 



CIVL 4046 Fluid Mechanics 30 

10. If the HGL falls below the pipe, then p/ is negative, indicating sub-
atmospheric pressure (Fig. 7.12) and a potential location of cavitation. 

Fig. 7.12 

Fig. 7.11 
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