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Quick Start Guide

Quick Start Guide
This sourcebook is designed to provide pumping
system users with a reference that outlines opportunities for improving system performance. It is
not meant to be a comprehensive technical text
on pumping systems; rather, it provides practical
guidelines and information to make users aware
of potential performance improvements. Guidance
RQKRZWR¿QGPRUHLQIRUPDWLRQDQGDVVLVWDQFHLV
also included.
Throughout this sourcebook, performance and
HI¿FLHQF\LPSURYHPHQWVDUHGHVFULEHGLQWHUPV
of a “systems approach.” For cost-effective
operation and maintenance of pumping systems,
attention must be paid not just to individual pieces
of equipment but to the system as a whole. A
systems approach to optimizing a pumping system
analyzes both the supply and demand sides of the
system and how they interact, shifting the focus
from individual components to total system
performance.
Often, operators are so focused on the immediate
demands of equipment that they overlook the
EURDGHUTXHVWLRQ+RZGRWKHV\VWHP¶VSDUDP
eters affect this equipment? For example,
frequently replacing pump seals and bearings
can keep a maintenance crew so busy that they
overlook the system operating conditions that are
causing most (or all) of the problems.

A systems approach involves the following types
RILQWHUUHODWHGDFWLRQV
Q

Establish current conditions and operating
parameters

Q

Determine present and estimate future process
production needs

Q

Gather and analyze operating data and develop
load duty cycles

Q

Assess alternative system designs and
improvements

Q

Determine the most technically and
economically sound options, taking into
consideration all of the subsystems

Q

Implement the best option

Q

Assess energy consumption with respect
to performance

Q

Continue to monitor and optimize the system

Q

Continue to operate and maintain the system
for peak performance.

To use a systems approach effectively, a pumping
system designer needs to understand system
fundamentals, know where opportunities for
improvements are commonly found, and have a
list of key resources that can help to identify and
implement successful projects. Therefore, this
sourcebook is divided into four main sections,
as outlined below.

XSection 1. Pumping System Basics
If you are not familiar with the basics of pumping
V\VWHPVWKH¿UVWVHFWLRQSURYLGHVDEULHI
discussion of terms, relationships, and important
system design considerations. It describes key
factors involved in pump selection and system
design; it also provides an overview of different
types of pumps and their general applications.
Key terms and parameters used in selecting
SXPSVGHVLJQLQJV\VWHPVDQGFRQWUROOLQJÀXLG
ÀRZDUHGLVFXVVHG,I\RXDUHDOUHDG\IDPLOLDU
with pumping systems, you might want to skip
this section and go straight to the next one.
XSection 2. Performance Improvement
Opportunity Roadmap
This section describes the key components of a
pumping system and opportunities to improve
the system’s performance. Also provided is a
¿JXUDWLYHV\VWHPGLDJUDPLGHQWLI\LQJSXPSLQJ
system components and performance improvement opportunities. A set of fact sheets describing
1
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these opportunities in greater detail follows the
GLDJUDPWKH\GLVFXVVWKHIROORZLQJ
 $VVHVVLQJ3XPSLQJ6\VWHP1HHGV
2. Common Pumping System Problems
 ,QGLFDWLRQVRI2YHUVL]HG3XPSV
 3LSLQJ&RQ¿JXUDWLRQVWR,PSURYH3XPSLQJ
6\VWHP(I¿FLHQF\
5. Basic Pump Maintenance
6. Centrifugal Pumps
7. Positive Displacement Pump Applications
8. Multiple Pump Arrangements
 3RQ\3XPSV

X Appendices
This sourcebook on improving pumping systems
includes four appendices. Appendix A is a
glossary of terms used throughout the pumping
system industry (and printed in bold type in parts
of this sourcebook). Appendix B describes the
Pumping System Assessment Tool (PSAT),
which can help you identify and prioritize energy
improvement projects for pumping systems.
Appendix C contains a series of pumping system
tip sheets. Developed by DOE, these tip sheets
are brief summaries of opportunities for improvLQJWKHHI¿FLHQF\DQGSHUIRUPDQFHRISXPSLQJ
systems. Appendix D includes a form for
submitting suggested improvements to this
sourcebook.

,PSHOOHU7ULPPLQJ
 &RQWUROOLQJ3XPSVZLWK$GMXVWDEOH
Speed Drives

X Section 3. The Economics of Improving
Pumping Systems
6HFWLRQGHVFULEHVNH\FRQVLGHUDWLRQVLQ
determining the life-cycle costs of pumping
systems. Understanding life-cycle costs is
essential to identifying and prioritizing improvement projects and presenting these projects
in terms that will gain management support.
Therefore, this section discusses life-cycle cost
components, ways to measure these costs, and
key success factors in prioritizing and proposing
improvement projects.
X Section 4. Where To Find Help
Section 4 describes useful sources of assistance
that can help you learn more about pumping
systems and ways to improve their performance
DQGHI¿FLHQF\,QFOXGHGLQWKLVVHFWLRQDUH
descriptions of resources within the U.S. Department of Energy (DOE) Industrial Technologies
Program (ITP) and the Hydraulic Institute and a
directory of associations and other organizations
involved in the pump marketplace. This section
also provides lists of helpful resources, such as
tools, software, videos, and workshops.
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Section 1: Pumping System Basics
Overview
Pumps are used widely in industry to provide
FRROLQJDQGOXEULFDWLRQVHUYLFHVWRWUDQVIHUÀXLGV
for processing, and to provide the motive force in
hydraulic systems. In fact, most manufacturing
plants, commercial buildings, and municipalities
rely on pumping systems for their daily operation.
In the manufacturing sector, pumps represent 27%
of the electricity used by industrial systems. In the
commercial sector, pumps are used primarily in
heating, ventilation, and air-conditioning (HVAC)
systems to provide water for heat transfer. Municipalities use pumps for water and wastewater
transfer and treatment and for land drainage. Since
they serve such diverse needs, pumps range in size
from fractions of a horsepower to several thousand
horsepower.
In addition to an extensive range of sizes, pumps
also come in several different types. They are
FODVVL¿HGE\WKHZD\WKH\DGGHQHUJ\WRDÀXLG
positive displacement pumpsVTXHH]HWKHÀXLG
directly; centrifugal pumps (also called “rotoG\QDPLFSXPSV´ VSHHGXSWKHÀXLGDQGFRQYHUW
this kinetic energy to pressure. Within these
FODVVL¿FDWLRQVDUHPDQ\GLIIHUHQWVXEFDWHJRULHV
Positive displacement pumps include piston, screw,
sliding vane, and rotary lobe types; centrifugal
pumps include axial SURSHOOHU PL[HGÀRZDQG
radial types. Many factors go into determining
which type of pump is suitable for an application.
Often, several different types meet the same
service requirements.
Pump reliability is important—often critically so.
In cooling systems, pump failure can result in
equipment overheating and catastrophic damage.
In lubrication systems, inadequate pump
performance can destroy equipment. In many
petrochemical and power plants, pump downtime
can cause a substantial loss in productivity.

Pumps are essential to the daily operation of many
facilities. This tends to promote the practice of
sizing pumps conservatively to ensure that the
needs of the system will be met under all
conditions. Intent on ensuring that the pumps are
large enough to meet system needs, engineers
often overlook the cost of oversizing pumps and
err on the side of safety by adding more pump
capacity. Unfortunately, this practice results in
higher-than-necessary system operating and
maintenance costs. In addition, oversized pumps
typically require more frequent maintenance
WKDQSURSHUO\VL]HGSXPSV([FHVVÀRZHQHUJ\
increases the wear and tear on system components,
resulting in valve damage, piping stress, and
excess system operation noise.

Pumping System Components
7\SLFDOSXPSLQJV\VWHPVFRQWDLQ¿YHEDVLF
FRPSRQHQWVSXPSVSULPHPRYHUVSLSLQJYDOYHV
and end-use equipment (e.g., heat exchangers,
tanks, and hydraulic equipment). A typical
pumping system and its components are illustrated
LQ)LJXUHRQSDJH

XPumps
Although pumps are available in a wide range of
types, sizes, and materials, they can be broadly
FODVVL¿HGLQWRWKHWZRFDWHJRULHVGHVFULEHG
earlier—positive displacement and centrifugal.
These categories relate to the manner in which the
SXPSVDGGHQHUJ\WRWKHZRUNLQJÀXLG3RVLWLYH
GLVSODFHPHQWSXPSVSUHVVXUL]HÀXLGZLWKD
collapsing volume action, essentially squeezing an
DPRXQWRIÀXLGHTXDOWRWKHGLVSODFHPHQWYROXPH
of the system with each piston stroke or shaft
rotation. Centrifugal pumps work by adding
NLQHWLFHQHUJ\WRDÀXLGXVLQJDVSLQQLQJimpeller.
$VWKHÀXLGVORZVLQWKHGLIIXVHUVHFWLRQRIWKH
pump, the kinetic energy RIWKHÀXLGLVFRQYHUWHG
into pressure.

 7HUPVLQEROGW\SHDUHGH¿QHGLQWKHJORVVDU\LQ$SSHQGL[$
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Figure 1. Typical Pumping System Components

Although many applications can be served by
both positive displacement and centrifugal pumps,
centrifugal pumps are more common because they
are simple and safe to operate, require minimal
maintenance, and have characteristically long
operating lives. Centrifugal pumps typically suffer
less wear and require fewer part replacements
than positive displacement pumps. Although the
packing or mechanical seals must be replaced
periodically, these tasks usually require only a
minor amount of downtime. Centrifugal pumps
can also operate under a broad range of conditions.
The risk of catastrophic damage due to improper
valve positioning is low, if precautions are taken.
&HQWULIXJDOSXPSVKDYHDYDULDEOHÀRZSUHVVXUH
relationship. A centrifugal pump acting against a
KLJKV\VWHPSUHVVXUHJHQHUDWHVOHVVÀRZWKDQLW
does when acting against a low system pressure.

4

$FHQWULIXJDOSXPS¶VÀRZSUHVVXUHUHODWLRQVKLS
is described by a performance curve that plots
WKHÀRZUDWHDVDIXQFWLRQRIKHDG SUHVVXUH 
Understanding this relationship is essential to
properly sizing a pump and designing a system
WKDWSHUIRUPVHI¿FLHQWO\)RUPRUHLQIRUPDWLRQ
see the fact sheet in Section 2 titled Centrifugal
Pumps.
In contrast, positive displacement pumps have a
¿[HGGLVSODFHPHQWYROXPH&RQVHTXHQWO\WKH
ÀRZUDWHVWKH\JHQHUDWHDUHGLUHFWO\SURSRUWLRQDO
to their speed. The pressures they generate are
determined by the system’s resistance to this
ÀRZ3RVLWLYHGLVSODFHPHQWSXPSVKDYHRSHUDWLQJ
advantages that make them more practical for
certain applications. These pumps are typically
more appropriate for situations in which the
IROORZLQJDSSO\
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Q

 7KHZRUNLQJÀXLGLVKLJKO\YLVFRXV

Q

The system requires high-pressure,
ORZÀRZSXPSSHUIRUPDQFH

Q

The pump must be self-priming

Q

 7KHZRUNLQJÀXLGPXVWQRWH[SHULHQFH
high shear forces

Q

 7KHÀRZPXVWEHPHWHUHGRUSUHFLVHO\
controlled

Q

 3XPSHI¿FLHQF\LVKLJKO\YDOXHG

A disadvantage is that positive displacement
pumps typically require more system safeguards,
such as relief valves. A positive displacement
pump can potentially overpressurize system piping
and components. For example, if all the valves
downstream of a pump are closed—a condition
known as deadheading—system pressure will
EXLOGXQWLODUHOLHIYDOYHOLIWVDSLSHRU¿WWLQJ
ruptures, or the pump motor stalls. Although
relief valves are installed to protect against such
damage, relying on these devices adds an element
of risk. In addition, relief valves often relieve
SUHVVXUHE\YHQWLQJV\VWHPÀXLGZKLFKPD\EH
a problem for systems with harmful or dangerous
V\VWHPÀXLGV)RUPRUHLQIRUPDWLRQRQWKLVW\SH
of pump, see the fact sheet in Section 2 titled
Positive Displacement Pump Applications.

XPrime Movers
Most pumps are driven by electric motors.
Although some pumps are driven by direct current
(dc) motors, the low cost and high reliability of
alternating current (ac) motors make them the
most common type of pump prime mover. In
recent years, partly as a result of DOE’s efforts,
WKHHI¿FLHQFLHVRIPDQ\W\SHVRIDFPRWRUVKDYH
improved. A section of the Energy Policy Act
(3$FW RIWKDWVHWPLQLPXPHI¿FLHQF\
standards for most common types of industrial
PRWRUVZHQWLQWRHIIHFWLQ2FWREHU(3$FWKDV
provided industrial end users with greater selection
DQGDYDLODELOLW\RIHQHUJ\HI¿FLHQWPRWRUV
In addition, the National Electrical Manufacturers
Association (NEMA) has established the NEMA
PremiumTMHQHUJ\HI¿FLHQF\PRWRUVSURJUDP

which is endorsed by the Hydraulic Institute; the
SURJUDPGH¿QHVSUHPLXPHI¿FLHQF\PRWRUVZLWK
KLJKHUHI¿FLHQF\OHYHOVWKDQWKRVHHVWDEOLVKHGE\
EPAct. In high-run-time applications, improved
PRWRUHI¿FLHQFLHVFDQVLJQL¿FDQWO\UHGXFH
operating costs. However, it is often more
effective to take a systems approach that uses
proper component sizing and effective maintenance practices to avoid unnecessary energy
consumption.
A subcomponent of a pump motor is the motor
controller. The motor controller is the switchgear
that receives signals from low-power circuits,
such as an on-off switch, and connects or disconnects the high-power circuits to the primary
power supply from the motor. In dc motors, the
motor controller also contains a sequence of
switches that gradually builds up the motor
current during start-ups.
In special applications, such as emergency
lubricating oil pumps for large machinery, some
pumps are driven by an air system or directly
from the shaft of the machine. In the event of a
power failure, these pumps can still supply oil
to the bearings long enough for the machine to
FRDVWWRDVWRS)RUWKLVVDPHUHDVRQPDQ\¿UH
service pumps are driven by diesel engines to
allow them to operate during a power outage.

XPiping
3LSLQJLVXVHGWRFRQWDLQWKHÀXLGDQGFDUU\LW
from the pump to the point of use. The critical
aspects of piping are its dimensions, material type,
and cost. Since all three aspects are interrelated,
SLSHVL]LQJLVDQLWHUDWLYHSURFHVV7KHÀRZUHVLVW
DQFHDWDVSHFL¿HGÀRZUDWHRIDSLSHGHFUHDVHV
as the pipe diameter gets larger; however, larger
SLSHVDUHKHDYLHUWDNHXSPRUHÀRRUVSDFHDQG
cost more than smaller pipe. Similarly, in systems
that operate at high pressures (for example,
hydraulic systems), small-diameter pipes can have
thinner walls than large-diameter pipes and are
easier to route and install.
6PDOOGLDPHWHUSLSHVUHVWULFWÀRZKRZHYHUDQG
this can be especially problematic in systems with
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VXUJLQJÀRZFKDUDFWHULVWLFV6PDOOHUSLSHVDOVR
operate at higher liquid velocity, increasing
erosion effects, wear, and friction head. Increased
friction head affects the energy required for
pumping.

XValves
7KHÀRZLQDSXPSLQJV\VWHPPD\EHFRQWUROOHG
by valves. Some valves have distinct positions,
either shut or open, while others can be used to
WKURWWOHÀRZ7KHUHDUHPDQ\GLIIHUHQWW\SHVRI
valves; selecting the correct valve for an application depends on a number of factors, such as
ease of maintenance, reliability, leakage tendencies, cost, and the frequency with which the
valve will be open and shut.
Valves can be used to isolate equipment or reguODWHÀRZ,VRODWLRQYDOYHVDUHGHVLJQHGWRVHDORII
a part of a system for operating purposes or mainWHQDQFH)ORZUHJXODWLQJYDOYHVHLWKHUUHVWULFWÀRZ
through a system branch (throttle valve) or allow
ÀRZDURXQGLW E\SDVVYDOYH $WKURWWOHYDOYH
FRQWUROVÀRZE\LQFUHDVLQJRUGHFUHDVLQJWKHÀRZ
resistance across it. In contrast, a bypass valve
DOORZVÀRZWRJRDURXQGDV\VWHPFRPSRQHQWE\
LQFUHDVLQJRUGHFUHDVLQJWKHÀRZUHVLVWDQFHLQD
E\SDVVOLQH$FKHFNYDOYHDOORZVÀXLGWRPRYH
in only one direction, thus protecting equipment
from being pressurized from the wrong direction
DQGKHOSLQJWRNHHSÀXLGVÀRZLQJLQWKHULJKW
direction. Check valves are used at the discharge
RIPDQ\SXPSVWRSUHYHQWÀRZUHYHUVDOZKHQWKH
pump is stopped.

XEnd-Use Equipment (Heat Exchangers,
Tanks, and Hydraulic Equipment)
The essential purpose of a pumping system may
be to provide cooling, to supply or drain a tank
or reservoir, or to provide hydraulic power to
a machine. Therefore, the nature of the enduse equipment is a key design consideration in
determining how the piping and valves should
EHFRQ¿JXUHG7KHUHDUHPDQ\GLIIHUHQWW\SHV
RIHQGXVHHTXLSPHQWWKHÀXLGSUHVVXUL]DWLRQ
needs and pressure drops across this equipment
YDU\ZLGHO\)RUKHDWH[FKDQJHUVÀRZLVWKH
critical performance characteristic; for hydraulic
6

machinery, pressure is the key system need.
Pumps and pumping system components must
EHVL]HGDQGFRQ¿JXUHGDFFRUGLQJWRWKHQHHGV
of the end-use processes.

Pumping System Principles
XDesign Practices
Fluid system designs are usually developed to
support the needs of other systems. For example,
in cooling system applications, the heat transfer
requirements determine how many heat exchangers are needed, how large each heat exchanger
VKRXOGEHDQGKRZPXFKÀRZLVUHTXLUHG3XPS
capabilities are then calculated based on the
system layout and equipment characteristics. In
other applications, such as municipal wastewater
removal, pump capabilities are determined by the
amount of water that must be moved and the
height and pressure to which it must be pumped.
7KHSXPSVDUHVL]HGDQGFRQ¿JXUHGDFFRUGLQJWR
WKHÀRZUDWHDQGSUHVVXUHUHTXLUHPHQWVRIWKH
system or service.
After the service needs of a pumping system are
LGHQWL¿HGWKHSXPSPRWRUFRPELQDWLRQOD\RXW
and valve requirements must be engineered.
Selecting the appropriate type of pump and its
speed and power characteristics requires an
understanding of its operating principles.
The most challenging aspect of the design process
is cost-effectively matching the pump and motor
characteristics to the needs of the system. This
process is often complicated by wide variations
LQÀRZDQGSUHVVXUHUHTXLUHPHQWV(QVXULQJWKDW
system needs are met during worst-case conditions can cause designers to specify equipment
that is oversized for normal operation. In addition,
specifying larger than necessary pumps increases
material, installation, and operating costs. Designing a system with larger piping diameters might
reduce pumping energy costs, however. See the
fact sheet titled 3LSLQJ&RQ¿JXUDWLRQV7R,PSURYH
3XPSLQJ6\VWHP(I¿FLHQF\ in Section 2 and the tip
sheet in Appendix C titled Reduce Pumping Costs
7KURXJK2SWLPXP3LSH6L]LQJ
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XFluid Energy
For practical pump applications, the energy of a
ÀXLGLVFRPPRQO\PHDVXUHGLQWHUPVRI head.
Head is usually expressed in feet or meters,
which refers to the height of a column of system
ÀXLGWKDWKDVDQHTXLYDOHQWDPRXQWRISRWHQWLDO
energy. This term is convenient because it
incorporates density and pressure, which allows
centrifugal pumps to be evaluated over a range
RIV\VWHPÀXLGV)RUH[DPSOHDWDJLYHQÀRZ
rate, a centrifugal pump will generate two
different discharge pressures for two differentGHQVLW\ÀXLGVEXWWKHFRUUHVSRQGLQJKHDGIRU
these two conditions is the same.
7KHWRWDOKHDGRIDÀXLGV\VWHPFRQVLVWVRI
WKUHHWHUPVRUPHDVXUHPHQWVVWDWLFSUHVVXUH
(gauge pressure), height (or potential energy),
and velocity head (or kinetic energy).
Static pressure, as the name indicates, is the
SUHVVXUHRIWKHÀXLGLQWKHV\VWHP,WLVWKH
quantity measured by conventional pressure
JDXJHV7KHKHLJKWRIWKHÀXLGOHYHOKDVD
substantial impact on the static pressure in a
system, but it is itself a distinct measurement of
ÀXLGHQHUJ\)RUH[DPSOHDSUHVVXUHJDXJHRQD
vented tank reads atmospheric pressure. If this
tank is located 50 feet (ft) above the pump,
however, the pump would have to generate at
least 50 ft of static pressure (for tap water, the
JDXJHZRXOGKDYHWRUHDGSRXQGVSHU
square inch [psi]) to push water into the tank.
Velocity head (also known as “dynamic head”)
LVDPHDVXUHRIDÀXLG¶VNLQHWLFHQHUJ\,QPRVW
systems, the velocity head is small in comSDULVRQWRWKHVWDWLFKHDG)RUH[DPSOHWKHÀRZ
velocity in cooling systems does not typically
H[FHHGIWSHUVHFRQGZKLFKLVURXJKO\
HTXLYDOHQWWRIWRIKHDG LIWKHV\VWHPÀXLG
is water, this velocity head translates to about
SVLJDXJH>SVLJ@ 7KHYHORFLW\KHDGRID
ÀXLGPXVWEHFRQVLGHUHGZKHQVLWLQJSUHVVXUH
gauges, when designing a system, and when
evaluating a reading from a pressure gauge,
especially when the system has varying pipe
sizes. A pressure gauge downstream of a pipe

reduction will read lower than one upstream of the
reduction, although the distance may only be
a few inches.

X Fluid Properties
In addition to being determined by the type of
system being serviced, pump requirements are
LQÀXHQFHGJUHDWO\E\ÀXLGFKDUDFWHULVWLFVVXFKDV
viscosity, density, particulate content, and vapor
pressure. Viscosity is a property that measures the
VKHDUUHVLVWDQFHRIDÀXLG$KLJKO\YLVFRXVOLTXLG
FRQVXPHVPRUHHQHUJ\GXULQJÀRZEHFDXVHLWV
VKHDUUHVLVWDQFHFUHDWHVKHDW6RPHÀXLGVVXFK
as cold lubricating oil (at less than 60°F), are
VXI¿FLHQWO\YLVFRXVWKDWFHQWULIXJDOSXPSVFDQQRW
move them effectively. As a result, the range of
ÀXLGYLVFRVLWLHVRYHUWKHRSHUDWLQJWHPSHUDWXUHVRI
DV\VWHPLVDNH\V\VWHPGHVLJQIDFWRU$SXPS
motor combination that is appropriately sized for
oil at a temperature of 80°F may be undersized for
operation at 60°F.
The quantities and properties of particulates in a
V\VWHPÀXLGDOVRDIIHFWSXPSGHVLJQDQGVHOHFWLRQ
Some pumps cannot tolerate much debris. And the
performance of some multistage centrifugal pumps
GHJUDGHVVLJQL¿FDQWO\LIVHDOVEHWZHHQVWDJHV
become eroded. Other pumps are designed for use
ZLWKKLJKSDUWLFXODWHFRQWHQWÀXLGV%HFDXVHRIWKH
way they operate, centrifugal pumps are often used
WRPRYHÀXLGVZLWKKLJKSDUWLFXODWHFRQWHQWVXFK
as coal slurries.
The difference between the vapor pressure of a
ÀXLGDQGWKHV\VWHPSUHVVXUHLVDQRWKHUIXQGD
mental factor in pump design and selection.
$FFHOHUDWLQJDÀXLGWRKLJKYHORFLWLHV²D
characteristic of centrifugal pumps—creates a
drop in static pressure. This drop can lower the
ÀXLGSUHVVXUHWRWKHÀXLG¶VYDSRUSUHVVXUHRU
EHORZ$WWKLVSRLQWWKHÀXLG³ERLOV´FKDQJLQJ
from a liquid to a vapor. Known as cavitation,
this effect can severely impact a pump’s
SHUIRUPDQFH$VWKHÀXLGFKDQJHVSKDVHGXULQJ
cavitation, tiny bubbles form. Since vapor takes
XSFRQVLGHUDEO\PRUHYROXPHWKDQÀXLGWKHVH
EXEEOHVGHFUHDVHÀRZWKURXJKWKHSXPS
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The damaging aspect of cavitation occurs when
these vapor bubbles return to liquid phase in a
violent collapse. During this collapse, highvelocity water jets impinge onto surrounding
surfaces. The force of this impingement often
exceeds the mechanical strength of the impacted
surface, which leads to material loss. Over time,
cavitation can create severe erosion problems in
pumps, valves, and pipes.

FRROHGDQGWKDWWDQNVDUHGUDLQHGRU¿OOHGTXLFNO\
6XI¿FLHQWSUHVVXUHDQGÀRZPXVWEHJXDUDQWHHG
to satisfy system requirements; this creates a
tendency to oversize pumps and the motors that
UXQWKHP%HFDXVHV\VWHPVDUHGHVLJQHGZLWKÀRZ
control devices to regulate temperature and protect
equipment from overpressurization, oversizing
V\VWHPSXPSVFDQEXUGHQWKHVHÀRZFRQWURO
devices with high energy dissipation loads.

Other problems that cause similar damage are
suction and discharge recirculation. Suction
UHFLUFXODWLRQLVWKHIRUPDWLRQRIGDPDJLQJÀRZ
patterns that result in cavitation-like damage in the
suction region of an impeller. Similarly, discharge
UHFLUFXODWLRQLVWKHIRUPDWLRQRIGDPDJLQJÀRZ
patterns in the outer region of an impeller. These
recirculation effects usually result from operating
DSXPSDWDÀRZUDWHWKDWLVWRRORZ7RDYRLGWKLV
type of damage, many pumps are listed with a
PLQLPXPÀRZUDWLQJ

There are four primary methods for controlling
ÀRZWKURXJKDV\VWHPRULWVEUDQFKHVWKURWWOH
valves, bypass valves, pump speed control, and
multiple pump arrangements. The appropriate
ÀRZFRQWUROPHWKRGGHSHQGVRQWKHV\VWHPVL]H
DQGOD\RXWÀXLGSURSHUWLHVWKHVKDSHRIWKHSXPS
power curve, the system load, and the system’s
VHQVLWLYLW\WRÀRZUDWHFKDQJHV

X System Types
Like pumps, pumping system characteristics and
QHHGVUDQJHZLGHO\EXWWKH\FDQEHFODVVL¿HGLQ
general as either closed-loop or open-loop
V\VWHPV$FORVHGORRSV\VWHPUHFLUFXODWHVÀXLG
around a path with common beginning and end
points. An open-loop system has an input and an
RXWSXWDVÀXLGLVWUDQVIHUUHGIURPRQHSRLQWWR
another. Pumps that serve closed-loop systems,
such as a cooling water system, typically do not
have to contend with static head loads unless there
are vented tanks at different elevations. In closedloop systems, the frictional losses of system piping
and equipment are the predominant pump load.
In contrast, open-loop systems often require
pumps to overcome static head requirements as a
result of elevation and tank pressurization needs.
A mine dewatering system is one example; it uses
pumps to move water from the bottom of a mine
up to the surface. In this case, static head is often
the dominant pump load.

X Principles of Flow Control
Flow control is essential to system performance.
6XI¿FLHQWÀRZHQVXUHVWKDWHTXLSPHQWLVSURSHUO\
8

$WKURWWOHYDOYHFKRNHVÀXLGÀRZVRWKDWOHVVÀXLG
can move through the valve, creating a pressure
drop across it. Throttle valves are usually more
HI¿FLHQWWKDQE\SDVVYDOYHVEHFDXVHDVWKH\DUH
shut, they maintain upstream pressure that can help
SXVKÀXLGWKURXJKSDUDOOHOEUDQFKHVRIWKHV\VWHP
%\SDVVOLQHVDOORZÀXLGWRÀRZDURXQGDV\VWHP
component. A major drawback of bypass valves is
WKHLUGHWULPHQWDOLPSDFWRQV\VWHPHI¿FLHQF\7KH
SRZHUXVHGWRSXPSWKHE\SDVVHGÀXLGLVZDVWHG
In static-head-dominated systems, however, bypass
YDOYHVFRXOGEHPRUHHI¿FLHQWWKDQWKURWWOHYDOYHV
or systems with adjustable speed drives (ASDs).
Pump speed control includes both mechanical and
electrical methods of matching the speed of the
SXPSWRWKHÀRZSUHVVXUHGHPDQGVRIWKHV\VWHP
ASDs, multiple-speed pumps, and multiple pump
FRQ¿JXUDWLRQVDUHXVXDOO\WKHPRVWHI¿FLHQWÀRZ
control options, especially in systems that are
dominated by friction head, because the amount
RIÀXLGHQHUJ\DGGHGE\WKHSXPSVLVGHWHUPLQHG
directly from the system demand. Pump speed
control is especially appropriate for systems in
which friction head predominates.
Both ASDs and multiple-speed motors provide
HI¿FLHQWV\VWHPRSHUDWLRQE\GULYLQJSXPSVDW
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different speeds according to system needs. During
a period of low system demand, the pump is
operated at low speeds. The primary functional
difference between ASDs and multiple-speed
motors is the degree of speed control available.
ASDs typically modify the speed of a single-speed
motor through mechanical or electrical methods,
while multiple-speed motors contain a different set
of windings for each speed. ASDs are practical for
DSSOLFDWLRQVLQZKLFKÀRZGHPDQGVFKDQJH
continuously. For more information, see the fact
sheet in Section 2 titled &RQWUROOLQJ3XPSVZLWK
Adjustable Speed Drives.
Multiple-speed motors are practical for systems in
ZKLFKWKHÀRZGHPDQGVFKDQJHEHWZHHQGLVWLQFW
discrete levels that feature lengthy periods of
operation. One of the drawbacks to multiple-speed
motors is the added cost of equipment. Since each
speed has its own set of motor windings, multiplespeed motors are more expensive than singlespeed motors. Also, multiple-speed motors are
VOLJKWO\OHVVHI¿FLHQWWKDQVLQJOHVSHHGRQHV
Multiple pump arrangements typically consist
of pumps placed in parallel in one of two basic
FRQ¿JXUDWLRQVDODUJHSXPSVPDOOSXPSFRQ¿J
uration, or a series of identical pumps placed in
SDUDOOHO,QWKHODUJHSXPSVPDOOSXPSFDVH
the small pump, often called the “pony pump,”
operates during normal conditions. The large
pump is used during periods of high demand.
Because the pony pump is sized for normal system
RSHUDWLRQWKLVFRQ¿JXUDWLRQRSHUDWHVPRUH
HI¿FLHQWO\WKDQDV\VWHPZRXOGWKDWUHOLHVRQWKH
large pump to handle loads far below its optimum
capacity. For more information on this type of
pump, see the Section 2 fact sheet titled Pony
Pumps.
With a series of identical pumps placed in parallel,
the number of operating pumps can be changed
according to system demands. Because the pumps
are the same size they can operate together,
serving the same discharge header. If the pumps
were different sizes, the larger pumps would tend
to dominate the smaller pumps and could cause
WKHPWREHLQHI¿FLHQW,IWKHSURSHUSXPSVDUH

selected, each pump can operate closer to its
KLJKHVWHI¿FLHQF\SRLQW$QDGGHGÀRZFRQWURO
EHQH¿WRISDUDOOHOSXPSVLVWKDWDV\VWHPFXUYH
remains the same whether one or several pumps
are operating; what changes is the operating point
along this system curve.
Multiple pumps in parallel are well suited for
systems with high static head. Another advantage
is system redundancy; one pump can fail or be
taken off line for maintenance while the other
pumps support system operation. When identical
parallel pumps are used, the pump curves should
remain matched; therefore, operating hours should
be the same for each pump, and reconditioning
should be done at the same time for all of them.
)RUPRUHLQIRUPDWLRQRQWKLVFRQ¿JXUDWLRQVHH
the fact sheet in Section 2 titled Multiple Pump
Arrangements.

XSystem Operating Costs
7KHDPRXQWRIÀXLGSRZHUWKDWDV\VWHPFRQVXPHV
LVDSURGXFWRIKHDGDQGÀRZDFFRUGLQJWRWKLV
HTXDWLRQ
Fluid power = HQ (s.g.)

where
H = head (ft)
4 ÀRZUDWH JDOORQVSHUPLQXWH>JSP@
s.g. = VSHFL¿FJUDYLW\RIWKHÀXLG
LVDXQLWVFRQYHUVLRQWRVWDWHÀXLG
power in terms of horsepower.
The motor power required to generate these head
DQGÀRZFRQGLWLRQVLVVRPHZKDWKLJKHUEHFDXVH
RIPRWRUDQGSXPSLQHI¿FLHQFLHV7KHHI¿FLHQF\
RIDSXPSLVPHDVXUHGE\GLYLGLQJWKHÀXLG
power by the pump shaft power; for directly
FRXSOHGSXPSPRWRUFRPELQDWLRQVWKLVLVWKH
brake horsepower (bhp) of the motor.
3XPSVKDYHYDU\LQJHI¿FLHQF\OHYHOV7KH
operating point of centrifugal pumps at which
WKHLUHI¿FLHQF\LVKLJKHVWLVNQRZQDVWKHbest
HI¿FLHQF\SRLQW %(3 (I¿FLHQFLHVUDQJHZLGHO\
IURPWRPRUHWKDQDQGWKH\DUHD
function of many design characteristics. Operating
a pump at or near its BEP not only minimizes
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energy costs, it also decreases loads on the pump
and maintenance requirements.
6\VWHPVZLWKVLJQL¿FDQWDQQXDORSHUDWLQJKRXUV
incur high operating and maintenance costs relative
WRLQLWLDOHTXLSPHQWSXUFKDVHFRVWV,QHI¿FLHQFLHV
in high-run-time, oversized systems can add
VLJQL¿FDQWO\WRDQQXDORSHUDWLQJFRVWVKRZHYHU
FRVWO\LQHI¿FLHQFLHVDUHRIWHQRYHUORRNHGZKHQ
ensuring system reliability. For more information
on oversized pumps, see the fact sheet in Section 2
titled ,QGLFDWLRQVRI2YHUVL]HG3XPSV. The Pumping System Assessment Tool (see Appendix B)
provides assistance in identifying and prioritizing
projects to reduce the amount of energy used by
pumping systems.
The cost of oversizing pumps extends beyond
HQHUJ\ELOOV([FHVVÀXLGSRZHUPXVWEHGLVVLSDWHG
by a valve, a pressure-regulating device, or the
system piping itself, which increases system wear
and maintenance costs. Valve seat wear, which
UHVXOWVIURPWKURWWOLQJH[FHVVÀRZDQGIURP
FDYLWDWLRQFUHDWHVDVLJQL¿FDQWPDLQWHQDQFH
problem and can shorten the interval between
valve overhauls. Similarly, the noise and vibration
FDXVHGE\H[FHVVLYHÀRZFUHDWHVVWUHVVRQSLSH
welds and piping supports; in severe cases, this
can erode pipe walls.
Note that, when designers try to improve a
pumping system’s reliability by oversizing
equipment, usually the unanticipated result is
less system reliability. This is caused by both
the additional wear on the equipment and lowHI¿FLHQF\RSHUDWLRQ
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Section 2: Performance Improvement Opportunity Roadmap
Overview

The Fact Sheets

Cost-effective operation and maintenance of a
pumping system require attention to the needs of
both individual equipment and the entire system.
Often, operators are so focused on the immediate
demands of the equipment that they forget to step
back and notice how certain system parameters are
affecting this equipment.

7KHUHVWRIWKLVVHFWLRQFRQWDLQVIDFWVKHHWVWKDW
address both component and system issues. Each
IDFWVKHHWGHVFULEHVLQGHWDLODVSHFL¿FRSSRUWXQLW\
to improve the performance of an industrial
SXPSLQJV\VWHP7KHIDFWVKHHWVDUHDVIROORZV

A systems approach analyzes both supply and
demand sides of the system and how they interact,
shifting the focus from individual components to
total system performance. This approach usually
involves the following types of interrelated
DFWLRQV
Q

Establish current conditions and operating
parameters

1. Assessing Pumping System Needs
2. Common Pumping System Problems
3. Indications of Oversized Pumps
4. Piping Conﬁgurations to Improve Pumping
System Efﬁciency
5. Basic Pump Maintenance
6. Centrifugal Pumps

Determine present process production needs
and estimate future ones

7. Positive Displacement Pump Applications

Q

Gather and analyze operating data and develop
load duty cycles

9. Pony Pumps

Q

Assess alternative system designs and
improvements

Q

Determine the most technically and
economically sound options, taking into
consideration all subsystems

Q

Implement the best option

Q

Assess energy consumption with respect to
performance

Q

Continue to monitor and optimize the system

Q

Continue to operate and maintain the system
for peak performance.

Q

8. Multiple Pump Arrangements

10. Impeller Trimming
11. Controlling Pumps with Adjustable Speed
Drives
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Key
A - Piping Conﬁgurat
B - Controlling Pump
C - Basic Pump Main
D - Common Pumpin
E - General Pump Fa
Indications of Ove
Applications, Cen

Figure 2. Key to the
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