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5–3 ■ MECHANICAL ENERGY AND EFFICIENCY
Mechanical energy: The form of energy that can be converted to 
mechanical work completely and directly by an ideal mechanical 
device such as an ideal turbine.   

Mechanical energy of a flowing fluid per unit mass:

Flow energy + kinetic energy + potential energy

Mechanical energy change:

• The mechanical energy of a fluid does not change during flow if 
its pressure, density, velocity, and elevation remain constant. 

• In the absence of any irreversible losses, the mechanical energy 
change represents the mechanical work supplied to the fluid (if 
emech > 0) or extracted from the fluid (if emech < 0).
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Different Between Pump & Turbine
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Different Between Pump & Turbine

Shaft work: The transfer of mechanical energy is usually 
accomplished by a rotating shaft, and thus mechanical 
work is often referred to as shaft work.

A pump or a fan receives shaft work (usually from an 
electric motor) and transfers it to the fluid as mechanical 
energy (less frictional losses).

A turbine converts the mechanical energy of a fluid to 
shaft work.
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The effectiveness of the conversion process between the mechanical 
work supplied or extracted and the mechanical energy of the fluid is 
expressed by the pump efficiency and turbine efficiency,

Mechanical efficiency of a device or process

The mechanical efficiency of a fan 
is the ratio of the rate of increase of 
the mechanical energy of the air to 

the mechanical power input.
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A pump or a fan receives shaft work (usually from an electric motor) and transfers 
it to the fluid as mechanical energy (less frictional losses). 

A turbine converts the mechanical energy of a fluid to shaft work.
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Generator 
efficiency

Pump-Motor 
overall efficiency

Turbine-Generator overall efficiency:

The overall efficiency of a turbine–
generator is the product of the 

efficiency of the turbine and the 
efficiency of the generator, and 

represents the fraction of the 
mechanical energy of the fluid 

converted to electric energy.

Motor 
efficiency
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Many fluid flow problems involve 
mechanical forms of energy only, and 

such problems are conveniently solved 
by using a mechanical energy balance.

For systems that involve only mechanical 
forms of energy and its transfer as shaft 
work, the conservation of energy is

Emech, loss :  The conversion of mechanical 
energy to thermal energy due to 
irreversibilities such as friction.

The efficiencies just defined range between 0 and 100%.

0% corresponds to the conversion of the entire 
mechanical or electric energy input to thermal energy, and 
the device in this case functions like a resistance heater. 

100% corresponds to the case of perfect conversion with 
no friction or other irreversibilities, and thus no conversion 
of mechanical or electric energy to thermal energy (no 
losses). 
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5–19 Consider a river flowing toward a lake 
at an average velocity of 3 m/s at a rate of 
500 m3/s at a location 90 m above the lake 
surface. Determine the total mechanical 
energy of the river water per unit mass and 
the power generation potential of the entire 
river at that location. (Ans: 444 MW)
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5–20 Electric power is to be generated by 
installing a hydraulic turbine–generator at a site 70 
m below the free surface of a large water reservoir 
that can supply water at a rate of 1500 kg/s 
steadily. If the mechanical power output of the 
turbine is 800 kW and the electric power 
generation is 750 kW, determine the turbine 
efficiency and the combined turbine–generator 
efficiency of this plant. Neglect losses in the pipes.

 (Ans: 77.6%, 72.7%)
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5–24 Water is pumped from a lake to a 
storage tank 20 m above at a rate of 0.07 
m3/s while consuming 20.4 kW of electric 
power. Disregarding any frictional losses 
in the pipes and any changes in kinetic 
energy, determine 
a) the overall efficiency of the pump–

motor unit.
b) the pressure difference between the 

inlet and the exit of the pump.
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5–5 ■ GENERAL ENERGY EQUATION

The first law of 
thermodynamics (the 
conservation of energy 
principle): Energy 
cannot be created or 
destroyed during a 
process; it can only 
change forms.

The energy 
change of a 
system during a 
process is equal to 
the net work and 
heat transfer 
between the 
system and its 
surroundings.
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Energy Transfer by Heat, Q

Temperature difference is the driving 
force for heat transfer. The larger the  
temperature difference, the higher is 
the rate of heat transfer.

Thermal energy: The sensible 
and latent forms of internal 
energy. 

Heat Transfer: The transfer of 
energy from one system to 
another as a result of a 
temperature difference.

The direction of heat transfer is 
always from the higher-
temperature body to the lower-
temperature one.

Adiabatic process: A process 
during which there is no heat 
transfer.

Heat transfer rate: The time 
rate of heat transfer.



16

Energy Transfer by Work, W
• Work: The energy transfer associated with a force acting through a 

distance.
• A rising piston, a rotating shaft, and an electric wire crossing the 

system boundaries are all associated with work interactions.
• Power: The time rate of doing work.

• Car engines and hydraulic, steam, and gas turbines produce work; 
compressors, pumps, fans, and mixers consume work.

Wshaft The work transmitted by a rotating shaft 
Wpressure The work done by the pressure forces on the control surface
Wviscous The work done by the normal and shear components of 
viscous forces on the control surface
Wother The work done by other forces such as electric, magnetic, and 
surface tension
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Energy transmission through rotating shafts 
is commonly encountered in practice.

Shaft work is proportional to the 
torque applied and the number 
of revolutions of the shaft.

A force F acting through a moment 
arm r generates a torque T

This force acts through a linear distance s

The power transmitted through the shaft is the shaft work done per unit 
time:

Shaft work

Shaft 
Work
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Work Done by Pressure Forces

The pressure force 
acting on (a) the moving 
boundary of a system in 
a piston-cylinder device, 
and (b) the differential 
surface area of a 
system of arbitrary 
shape.

 

 

 

 

Piston Power

 

or
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Work Done by Pressure Forces
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General Energy Equation

Energy content of a fixed quantity of mass (a 
closed system) can be
changed by two mechanisms: 
a) heat transfer Q 
b) work transfer W.

Conservation of energy (fixed mass):
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5–6 ■ ENERGY ANALYSIS OF STEADY FLOWS

A control volume with only 
one inlet and one outlet 

and energy interactions.

The net rate of energy transfer to a 
control volume by heat transfer and 
work during steady flow is equal to the 
difference between the rates of 
outgoing and incoming energy flows by 
mass flow.

single-stream devices (one inlet & one outlet),
ie: constant mass

per unit mass
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5–6 ■ ENERGY ANALYSIS OF STEADY FLOWS

single-stream devices (one inlet & one outlet), ie: constant mass

Einternal

Epotential

EkineticEflow

Emech. input Emech. output Emech. loss
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Ideal flow (no mechanical energy loss):

Real flow (with mechanical 
energy loss):

The lost mechanical 
energy in a fluid flow 
system results in an 

increase in the internal 
energy of the fluid and 

thus in a rise of fluid 
temperature.
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Energy equation in terms of heads (previous eq. divide by g)



25

Mechanical energy flow chart for a fluid flow system that involves a 
pump and a turbine. Vertical dimensions show each energy term 
expressed as an equivalent column height of fluid, i.e., head.
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Kinetic Energy Correction Factor, 
The kinetic energy of a fluid stream 
obtained from V2/2 is not the same as 
the actual kinetic energy. 

This error can be corrected by replacing 
the kinetic energy terms V2/2 in the 
energy equation by Vavg

2/2, where  is 
the kinetic energy correction factor. 

a)  = 2.0  fully developed 
laminar pipe flow.

b)  = 1.04 ~ 1.11 for fully 
developed turbulent flow 
in a round pipe.
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EXAMPLE 5–13 
In a hydroelectric power plant, 100 m3/s of water 
flows from an elevation of 120 m to a turbine, where 
electric power is generated. The total irreversible head 
loss in the piping system from point 1 to point 2 
(excluding the turbine unit) is determined to be 35 m. 
If the overall efficiency of the turbine–generator is 80 
percent, estimate the electric power output (66.7 
MW).

SOLUTION The available head, flow rate, head 
loss, and efficiency of a hydroelectric turbine are 
given. The electric power output is to be determined.

Assumptions 
1 The flow is steady and incompressible.
2 Water levels at the reservoir and the discharge site 
remain constant.
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EXAMPLE 5–14
A fan is to be selected to cool a computer case whose 
dimensions are 12 cm X 40 cm X 40 cm. Half of the 
volume in the case is expected to be filled with 
components and the other half to be air space. A 5-cm 
diameter hole is available at the back of the case for 
the installation of the fan that is to replace the air in the 
void spaces of the case once every second. Small low-
power fan–motor combined units are available in the 
market and

a) the wattage (power) of the fan–motor unit to be purchased.
b) the pressure difference across the fan.

SOLUTION A fan is to cool a computer case by completely replacing the air
inside once every second.

Assumptions 
1 The flow is steady and incompressible.
2 Losses other than those due to the inefficiency of the fan–motor unit are negligible (hL = 0).

their efficiency is estimated to be 30 %. Considering the air density to be 1.20 kg/m3, and 
kinetic energy correction factor of 1.10, determine:
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EXAMPLE 5–15 
Water is pumped from a lower reservoir to a higher 
reservoir by a pump that provides 20 kW of useful 
mechanical power to the water. The free surface of the 
upper reservoir is 45 m higher than the surface of the lower 
reservoir. If the flow rate of water is measured to be 0.03 
m3/s, determine the irreversible head loss of the system and 
the lost mechanical power during this process.

Assumptions 
1 The flow is steady and incompressible.
2 The elevation difference between the reservoirs is 
constant.
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5–78 The water level in a tank is 20 m above the 
ground. A hose is connected to the bottom of the 
tank, and the nozzle at the end of the hose is 
pointed straight up. The tank is at sea level, and 
the water surface is open to the atmosphere. In 
the line leading from the tank to the nozzle is a 
pump, which increases the pressure of water. If 
the water jet rises to a height of 27 m from the 
ground, determine the minimum pressure rise 
supplied by the pump to the water line.

5–81 Water flows at a rate of 20 L/s through a 
horizontal pipe whose diameter is constant at 3 
cm. The pressure drop across a valve in the pipe 
is measured to be 2 kPa. Determine the 
irreversible head loss of the valve, and the 
useful pumping power needed to overcome the 
resulting pressure drop. (Ans: 0.204 m, 40 W)
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5-82E A hose is connected to the bottom of the tank at the ground level and 
the nozzle at the end of the hose is pointed straight up. The tank cover is 
airtight, but the pressure over the water surface is unknown. Determine the 
minimum tank air pressure (gage) that will cause a water stream from the 
nozzle to rise 90 ft from the ground.

5–83 A large tank is initially filled with water 2 m above the center of a sharp-
edged 10-cm-diameter orifice. The tank water surface is open to the 
atmosphere, and the orifice drains to the atmosphere. If the total irreversible 
head loss in the system is 0.3 m, determine the initial discharge velocity
of water from the tank. Take the kinetic energy correction factor at the 
orifice to be 1.2.

5–84 Water enters a hydraulic turbine through a 30-cmdiameter pipe at a rate 
of 0.6 m3/s and exits through a 25-cmdiameter pipe. The pressure drop in the 
turbine is measured by a mercury manometer to be 1.2 m. For a combined 
turbine-generator efficiency of 83%, determine the net electric power output. 
Disregard the effect of the kinetic energy correction factors.
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• The Bernoulli Equation
 Limitations on the Use of the Bernoulli Equation

 Hydraulic Grade Line (HGL) and Energy Grade Line (EGL)

 Applications of the Bernouli Equation

• General Energy Equation
 Energy Transfer by Heat, Q

 Energy Transfer by Work, W

 Shaft Work

 Work Done by Pressure Forces

• Energy Analysis of Steady Flows
 Special Case: Incompressible Flow with No Mechanical Work 

Devices and Negligible Friction

 Kinetic Energy Correction Factor, 

Summary
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