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General Energy Equation

* Bernoulli's Equations applies to two points in a fluid system
that have no change in total energy. In many cases, though,
we do need to account for a change in energy between two
points:

—If there is a pump between two points, then energy is
ADDED

—If there is motor or turbine between two points, then
energy is REMOVED

—If there Is appreciable friction, then energy is LOST

... and in all of these cases, this energy must be accounted for.
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Typical industrial pipeline installations include pumps which add
energy to the fluid, along with fittings such as valves, elbows, and
tees that cause the fluid to lose energy.
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We will simply add three new terms to Bernoulli’s
Equation to account for these changes in energy:

Since energy in Bernoulli's Equation is tracked in the form
of energy per weight of fluid, or head, we will do the same
with these three new terms:

h, = Energy added to the fluid with a mechanical device
such as a pump.

hi = Energy removed from the fluid for some useful
purpose by a turbine or fluid motor

h, = Energy lost from the fluid due to friction in pipes,
valves, or fittings.
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Add these three to new terms to
Bernoulli’s Equation:
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Just as in Bernoulli’s Equation, eliminate terms that do
not apply to the two points chosen for analysis,
determine values, and solve for the unknown.
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Pumps are mechanical devices that take mechanical
energy from a rotating shaft and give that energy to the
fluid. Pumps transfer mechanical energy from an
external source, to the fluid in the system.

Suction

Drive gear

Drive shaft

Suction Discharge

AN

Pistons

Drive gear
Revolving

wobble plate

@Pearson Copyright © 2022 Pearson Education, Inc. All Rights Reserved



Power Added to a Fluid by a Pump

Because W = yQ,

we can also write
= Power Added to a Fluid by a Pump

Pa = hA7/Q
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Mechanical Efficiency of Pumps

There are mechanical losses that occur within the pump’s internal
components.

o Power delivered to fluid Py
M Power put into pump P,

The value of €, will always be less than 1.0.
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Hydraulic motors are the opposite of pumps; they
remove energy from the fluid and deliver that energy
to an external operation, via a rotating shaft, to do
work externally.
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Fluid flow system illustrating the general energy
equation
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Pipe system for Example Problem 7.1

Water flows from a large reservoir at the rate of 1.20 ft3/s
through a pipe system as shown in the Figure. Calculate
the total amount of energy lost from the system because
of the valve, the elbows, the pipe entrance, and fluid
friction.
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Pump system for Example Problem 7.2

The volume flow rate through the pump shown in
the Figure is 0.014 m3/s. The fluid being pumped
IS oil with a specific gravity of 0.86.

+w )

;@ pp = 296 kPa

Calculate the energy delivered by the pump to ~—— DN 50 Schedule 40
the oil per unit weight of oil flowing in the system. Steel pipe

Energy losses in the system are caused by the
check valve and friction losses as the fluid flows (i W
through the piping. The magnitude of such losses

has been determined to be 1.86 N-m/N. {i

DN 80 Schedule 40
steel pipe

Check valve
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Pump test system for Example Problem 7.3

For the pump test arrangement shown in the Figure below, determine the
mechanical efficiency of the pump if the power input is measured to be 3.85 hp

when pumping 500 gal/min of oil (Y= 56.0 Ib/ft3).
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Fabricated reducer for Problem 7.2
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Pressurized tank
for Problem 7.3

50-mm diameter
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Large reservoir for Problem 7.4
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Manometer to measure energy loss
In valve for Problem 7.6
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Well pump for
Problem 7.11
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Problems 7.14 and 7.15
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Air at 825 kPa

Oil pump and
tanks for
Problem 7.16
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Cabin water system for Problems 7.42 and 7.43

Distribution
tank
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Copyright

This work is protected by United States copyright laws and is provided solely
for the use of instructors in teaching their courses and assessing student
learning. Dissemination or sale of any part of this work (including on the
World Wide Web) will destroy the integrity of the work and is not permit-
ted.The work and materials from it should never be made available to
students except by instructors using the accompanying text in their
classes. All recipients of this work are expected to abide by these
restrictions and to honor the intended pedagogical purposes and the needs of
other instructors who rely on these materials.
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