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Foreword (Not part of Standard)

Purpose and aims of the Hydraulic Institute

The purpose and aims of the Hydraulic Institute are to promote the advancement of the pump manufacturing indus-
try and further the interests of the public and to this end, among other things:

a) Develop and publish standards.

b) Address pump systems.

c) Expand knowledge and resources.

d) Educate the marketplace.

e) Advocate for the industry.

Purpose of Standards and Guidelines

a) Hydraulic Institute Standards and Guidelines are adopted in the public interest and are designed to help elimi-
nate misunderstandings between the manufacturer, the purchaser, and/or the user and to assist the purchaser
in selecting and obtaining the proper product for a particular need.

b) Use of Hydraulic Institute Standards and Guidelines is completely voluntary. Existence of Hydraulic Institute
Standards does not in any respect preclude a member from manufacturing or selling products not conforming
to the standards.

Definition of a Standard of the Hydraulic Institute

Quoting from Article XV, Standards, of the By-Laws of the Institute, Section B:

“An Institute Standard defines the product, material, process or procedure with reference to one or more of
the following: nomenclature, composition, construction, dimensions, tolerances, safety, operating charac-
teristics, performance, quality, rating, testing and service for which designed.”

Definition of a Hydraulic Institute Guideline

A Hydraulic Institute Guideline is not normative. The guideline is tutorial in nature, to help the reader better under-
stand the subject matter.

Comments from users

Comments from users of this standard will be appreciated, to help the Hydraulic Institute prepare even more useful
future editions. Questions arising from the content of this standard may be directed to the Technical Director of the
Hydraulic Institute. If appropriate, the inquiry will then be directed to the appropriate technical committee for provi-
sion of a suitable answer.

Revisions

American National Standards of the Hydraulic Institute are subject to constant review, and revisions are under-
taken whenever it is found necessary because of new developments and progress in the art. If no revisions are
made for five years, the standards are reaffirmed using the ANSI canvass procedure.

Disclaimer

This document was prepared by a committee of the Hydraulic Institute and approved by following ANSI essential
requirements. Neither the Hydraulic Institute, Hydraulic Institute committees, nor any person acting on behalf of the
Hydraulic Institute: 1) makes any warranty, expressed or implied, with respect to the use of any information, appa-
ratus, method, or process disclosed in this document or guarantees that such may not infringe privately owned
rights; 2) assumes any liabilities with respect to the use of, or for damages resulting from the use of, any informa-
tion, apparatus, method, or process disclosed in this guideline. The Hydraulic Institute is in no way responsible for
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any consequences to an owner, operator, user, or anyone else resulting from reference to the content of this docu-
ment, its application, or use.

This document does not contain a complete statement of all requirements, analyses, and procedures necessary to
ensure safe or appropriate selection, installation, testing, inspection, and operation of any pump or associated
products. Each application, service, and selection is unique with process requirements that shall be determined by
the owner, operator, or his designated representative.

Units of measurement

Metric units of measurement are used, and corresponding US customary units appear in parentheses. Charts,
graphs, and sample calculations are also shown in both metric and US customary units. Because values given in
metric units are not exact equivalents to values given in US customary units, it is important that the selected units
of measure to be applied be stated in reference to this standard. If no such statement is provided, metric units shall
govern.

Consensus

Consensus for this American National Standard was achieved by use of the canvass method. The following organi-
zations, recognized as having an interest in the standardization of pumps, were contacted prior to the approval of
this revision of the standard. Inclusion in this list does not necessarily imply that the organization concurred with the
submittal of the proposed standard to ANSI.

4B Engineering & Consulting, LLC
Albemarle Corporation
Alden Research Laboratory, Inc.
Allaben Consulting
Aramco Services Company
ARCADIS
Area Energy LLC
Armstrong Fluid Technology
ARO Fluid Products
BaseTek LLC
Bechtel Corporation
BHC Consultants
Black & Veatch (B&V)
Boerger LLC
Brown and Caldwell
Budris Consulting
California Polytechnical State University
CB&I
Clemson Engineering Hydraulics, LLC
Colfax Fluid Handling
Deltares
Diagnostic SB&I Solutions, LLC
Dow Chemical Company
DuPont Company
Dyna Tech
EagleBurgmann Mechanical Seals
ekwestrel corp
Engineered Software, Inc.
Entergy Corporation
Exponent Inc.
Flowserve Corporation
Fluid Sealing Association
Gorman-Rupp, Mansfield Division
Greeley and Hansen, LLC

Healy Engineering, Inc.
Hidrostal
Hydraulic, Measurement, & Inspection Consulting
Impact Technologies, LLC
InCheck Technologies Inc
Intelliquip, LLC
Intertek
ITT - Industrial Process
J.A.S. Solutions Ltd.
John Anspach Consulting
KBR, Inc.
Kemet Inc.
King County Wastewater Treatment Division
Leistritz Advanced Technologies Corp.
Lewis Pumps
LVVWD - Las Vegas Valley Water District
McFarland - Tritan, LLC
Mechanical Solutions, Inc.
Moving Water Industries (MWI)
MWH Americas, Inc.
National Process Equipment - Natpro
National Pump Company
No Bull Engineering
Northwest Hydraulic Consultants Inc.
NOV Mono
Omni Engineering, Inc.
Orange County Sanitation District
Parametrix, Inc.
Patterson Pump Company
Peerless Pump Company
Pentair - Berkeley
Pentair - Fairbanks Nijhuis
Powell Kugler, Inc.
Project Performance Corporation
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Pumping Machinery, LLC
Roper Pump Company
Siemens Industry, Inc.
SJE-Rhombus
SKF Group
Smith Pump Company, Inc.
Specific Speed Pumps & Systems
Sulzer Pumps (US) Inc.
Suncor Energy Inc.
TACO, Inc.
The Conservation Fund
Thermo Civil LLC

Tuthill Pump Group
TVA - Tennessee Valley Authority
Union Sanitary District
WEG Electric Corp.
Weir Floway, Inc.
Weir Group
Weir Minerals North America
Weir Specialty Pumps
WHEE
Whitley Burchett & Associates
Xylem Inc. - Applied Water Systems
Xylem Inc. - Water Solutions

Committee list

Although this standard was processed and approved for submittal to ANSI by the canvass method, a working com-
mittee met many times to facilitate its development. At the time it was developed, the committee had the following
members:

Chair – Patrick Moyer, Weir Minerals North America
Vice-chair – Daniel Boldt, Weir Floway, Inc.

Committee Members Company 
Tom Demlow Northwest Hydraulic Consultants Inc. 
Randy Ferman ekwestrel corp
Greg Highfill Flowserve Corporation
Andrew Johansson Alden Research Laboratory, Inc.
Patricia McCarthy Xylem Inc. - Water Solutions
Jim Roberts Xylem, Inc. - Applied Water Systems
Arnie Sdano Pentair - Fairbanks Nijhuis
Tino Senon MWH Americas, Inc.
Ernie Sturtz CDM Smith
Dave Werth Clemson Engineering Hydraulics, LLC

Alternates Company
Mark Allen CDM Smith
Zbigniew Czarnota Xylem Inc. - Water Solutions
Steve Fehniger CDM Smith
Carl Frizzell CDM Smith
Kara Hurtig Northwest Hydraulic Consultants Inc.
Randy Kosmicki Weir Minerals North America
Michael Mueller Flowserve Corporation
Joe Orlins Alden Research Laboratory, Inc.
George Tey MWH Americas, Inc.
Fred Walker Weir Floway, Inc.
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Flowchart for use of standard (mechanical considerations)

NOTE: This flowchart is intended as a guide to the use of this standard and can be used to locate the appropri-
ate sections in this standard. The chart is not a substitute for comprehension of the complete standard.

START 

Make pump selection 

Determine  
allowable pump 

nozzle load 

Conduct piping analysis to 
determine if expansion forces on 
pump nozzles are within pump 

allowable loads: Section 9.6.6.4.1
Yes 

No 

END 

No 

Add pipe support guides and/or  
anchors to bring pipe expansion  

forces within pump allowable loads:  
Appendix C 

Add expansion joints and/or 
couplings to bring pipe expansion 

forces within pump allowable loads:  
Appendix D 

Hydraulic Institute Standards, Copyright © 1997-2016, All Rights Reserved



xi

Flowchart for use of standard (hydraulic considerations)

NOTE: This flowchart is intended as a guide to the use of this standard and can be used to locate the appropri-
ate sections in this standard. The chart is not a substitute for comprehension of the complete standard.

START

Inlet piping

Outlet piping

Yes

No

Parallel operation?
Determine manifold design

and pump inlet velocity:
Section 9.6.6.5.3

Determine pump pipe inlet 
design, size, and velocity: 
Sections 9.6.6.3 & 9.6.6.5

Determine required check 
valves and strainers: 

Appendix E

Calculate NPSHA

END

Determine pump pipe 
outlet size and velocity: 

Sections 9.6.6.4 and 9.6.6.5

Determine required valves in 
pump outlet line: 
Section 9.6.6.4.3

Design piping and 
calculate system curve: 

Appendix A

Review outlet piping:
 Section 9.6.6.5

Determine any piping changes 
to avoid high-pressure pulsations: 

Appendix B

Make pump selection

Determine if physical model study 
is required: Section 9.6.6.3.4

No

Yes
Conduct physical model 
study and redesign as

required
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HI Rotodynamic Pumps for Pump Piping — 2016

1

9.6.6 Rotodynamic pumps for pump piping

9.6.6.1 Scope

This standard applies to rotodynamic pump types, in all worldwide markets. It provides required and recommended
practices for pump piping that, if followed, should reduce the risk of the pump failing to perform properly due to
interaction with the system. Excluded is any piping integral to the pump unit, such as auxiliary or lubricant piping.
This document is intended to complement ANSI/HI 9.8 Intake Design for Rotodynamic Pumps. To eliminate the
possibility of overlapping and possibly conflicting standards, this document is considered to be applicable as fol-
lows:

• All piping downstream and upstream from the pump

• Upstream from the pump this document ceases to be applicable when the pipe enters a tank, vessel, or other
intake structure

The objectives of this standard are to provide piping requirements for rotodynamic pump piping and to educate
users about the effects and interactions of inlet (suction) and outlet (discharge) piping on rotodynamic pump perfor-
mance. The standard covers the following topics as they relate to pump suction and discharge piping: piping effects
on fluid suction conditions (such as the effect on net positive suction head available [NPSHA] at pump inlet, which
influences cavitation), effects on pressure development of the pump, hydraulic and piping loads on the pump, pip-
ing system considerations (water hammer, parallel pump operation, valving, and pipe supports), pump noise, and
pump vibration.

9.6.6.2 Introduction

The function of pump piping is to provide a conduit for the flow of liquid to and from a pump, while not adversely
affecting the performance or reliability of the pump. In addition, it should be noted that a well-designed piping sys-
tem will usually be more energy efficient than a poorly designed system.

The function of suction piping is to provide a uniform velocity profile or symmetric approaching flow to the pump
inlet (suction) connection with sufficient pressure to avoid damaging cavitation in the pump. An uneven distribution
of flow is characterized by strong local currents and swirls. The ideal approach is a straight pipe, coming directly to
the pump, with no turns or flow-disturbing fittings close to the pump. Failure of the inlet (suction) piping to deliver
the liquid to the pump in this condition can lead to noisy operation, random axial load oscillations, premature bear-
ing or seal failure, cavitation damage to the impeller and inlet portions of the casing, early onset of suction recircu-
lation, and occasionally damage due to liquid separation on the discharge side. See pump intake design standards
[1, 2] and Recommendations for Fitting of Inlet and Outlet on Piping [3] for additional intake recommendations.

Outlet (discharge) piping flow characteristics normally will not affect the performance and reliability of a rotody-
namic pump, with a few exceptions. Sudden valve closures can cause excessively high water-hammer-generated
pressure spikes to be reflected back to the pump, possibly causing damage to the pump. Where there may be a
sudden closure of a check valve or sudden stopping of the pump, a transient flow analysis may be required (see
Section 9.6.6.4.4). Outlet (discharge) piping can affect the starting, stopping, and priming of the pump. The outlet
(discharge) piping configuration can also alter any discharge flow recirculation that might extend into the outlet (dis-
charge) piping at very low flow rates.

Three of the more common detrimental effects caused by poor pump piping designs include: 1) excessive loads
that the piping can place on a pump because of pipe misalignment with the pump connections, 2) failure to properly
restrain the pump to the foundation support structure, and 3) excessive loads on piping resulting from unsupported
or poorly supported valves, fittings, or vertical in-line pumps. Excessive nozzle loads can be caused by thermal
expansion of the pipe, unsupported piping and equipment weight, axially unrestricted couplings, and misaligned
piping. Excessive pump nozzle loads lead to misalignment of the pump shaft with the driver shaft, mechanical seal
failures, bearing failures, binding or rubbing of the pump rotor, and in extreme cases, failure of pump nozzles or
mounting feet.
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