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Foreword [Not part of American National Standard (ANSI)]

Purpose and aims of the Hydraulic Institute

The purpose and aims of the Hydraulic Institute are to drive all Pump System stakeholders towards a sustainable 
future by:

a)	 Advancing Solutions for Pump System Performance and Efficiency  

b)	 Developing Standards and Technical Resources

c)	 Educating the Global Marketplace

d)	 Advocating for the Industry

Purpose of Document:

Hydraulic Institute Standards and Guidelines may be published as American National Standards, and are adopted 
in the public interest to help eliminate 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. Use is com-
pletely voluntary and does not in any respect preclude a member from manufacturing or selling products which are 
not conforming.

Definition of Hydraulic Institute Standard

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 characteristics, 
performance, quality, rating, testing and service for which designed.”

Definition of 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. Errata or addenda 
may be issued to address limited changes. 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 informa-
tion, apparatus, 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 
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information, apparatus, method, or process disclosed in this guideline. The Hydraulic Institute is in no way respon-
sible for any consequences to an owner, operator, user, or anyone else resulting from reference to the content of 
this document, 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 its 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 orga-
nizations, 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.

Universidad Tecnológica de Panamá
Swiss Flow Solutions GmbH
Hydraulic, Measurement, and Inspection Consulting, LLC
Budris Consulting
4B Engineering & Consulting, LLC
CDM Smith
DynaTech Engineering, Inc.
Stantec
Parametrix, Inc.
AECOM
Kennedy Jenks
Brown and Caldwell
Carollo Engineers
Trillium Pumps USA, Inc.

TACO INC
Patterson Pump Company
Peerless Pump Company
Formally Sulzer
Summit Pump Inc
Pentair
Weir Minerals NA
Xylem AWS
Kirloskar Brothers Limited
TRWD
Westinghouse Electric Co.
LAS VEGAS VALLEY WATER DIS
Irving Oil
Syncrude Canada

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 – Dave Werth, Clemson Engineering Hydraulics, Inc.
Vice-chair – Steven Fehniger, CDM Smith, Water Services Group
Chair (Retired) – Mick Cropper, Sulzer (Retired)

Committee Member	 Company
Lloyd Aanonsen	 General Rubber Corporation
Charlie Allaben	 HDR, Inc.
Paul Boyadjis	 Mechanical Solutions, Inc.
Jack Claxton	 Patterson Pump Company
Bob Hawboldt	 AE - Associated Engineering
Kara Hurtig	 Northwest Hydraulic Consultants Ltd.
Andrew Johansson	 Alden Research Laboratory, Inc.
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Committee Member	 Company
Daniel Boldt	 Trillium Pumps USA
Mark Lawson	 CIRCOR Pumping Technologies
Fangbiao Lin	 Stantec
Paul Moulton	 AECOM
Michael Mueller	 Flowserve Corporation
Jeff Olsen	 Applied Flow Technology
Maria Elena Rodriguez Hernandez	 INGETEAM INDAR MACHINES
Aleks Roudnev	 Weir Minerals North America
David Skinner	 ITT - Industrial Process
Mark Supplee	 Hazen and Sawyer, P.C.
Jerry Szofer	 Grundfos Water Utility
Rafiq Qutub	 Carollo Engineers, Inc.	
Mike Zappone	 Industry Partner

Committee Alternate					     Company
Mark Allen	 CDM Smith – Water Services Group
Eric Eylat	 Flowserve Corporation
Jason Kerns	 HDR Inc.
Joseph Orlins	 AECOM
Jeff Ruzicka	 AE - Associated Engineering
Constentino Senon	 Stantec
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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 appropriate 
sections in this standard. The chart is not a substitute for comprehension of the complete standard.

START

Make pump selection

Determine 
allowable pump

nozzle loads

After conducting piping analysis to 
determine if pipe system induced forces 
on pump nozzles are loads within pump 

allowable loads? Section 9.6.6.5.1

Yes

No

No

END

After adding pipe support guides 
and/or anchors are the loads associated 
within pipe system induced forces within 

pump allowable loads?: Appendix C

After adding expansion joints and/or
couplings are the loads associated with 

pipe system induced forces within 
pump allowable loads?: Appendix D

Copyrighted material licensed to Bechtel Corporation by Techstreet LLC, subscriptions.techstreet.com, downloaded on 2022-05-06 07:57:01 +0000 by Mohamed  Waheed.
 No further reproduction or distribution is permitted.

Full document details: HI 9.6.6 2022

http://www.avadocuments.com/doc/hi-9-6-6-2022
http://www.avadocuments.com/doc/hi-9-6-6-2022


	 Hydraulic Institute Standards, Copyright © 1997-2022, 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 appropriate 
sections in this standard. The chart is not a substitute for comprehension of the complete standard.

START

Parallel operation?Yes

No

Determine header
(manifold) design 
and pump inlet 
(suction) velocity: 
Section 9.6.6.5.3  

Determine pump pipe inlet (suction)
design, size, and velocity: Sections 

9.6.6.3 & 9.6.6.5

Determine, if required, foot valves
and strainers: Appendix E

Calculate NPSHA

Make pump selection

Check NPSH Margin in accordance
with ANSI/HI 9.6.1 Rotodynamic

Pumps – Guideline for NPSH Margin 

Review outlet  (discharge) 
piping: Section 9.6.6.4

Determine if piping changes are 
needed to mitigate water 

hammer: Appendix B

No

Determine if physical model 
study is required: Section 
9.6.6.3.5

NoYes

Conduct physical model
study in accordance with

ANSI/HI 9.8 Rotodynamic
Pumps for Pump Intake
Design and redesign as

required END

Outlet (discharge) piping

Determine pump outlet 
(discharge) piping size and 
velocity: Sections 9.6.6.4 and 
9.6.6.5

Determine required valves 
in pump outlet (discharge) 
pipe: Section 9.6.6.4.3

Design piping and 
calculate system curve(s): 
Appendix A

Yes

Inlet (suction) piping
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9.6.6  Rotodynamic pumps for pump piping

9.6.6.1  Introduction

This most recent revision of the standard has been divided into numbered requirements followed by guidance 
(indicated by the word “Notes”) for the user. Any lettered list within a numbered requirement are also requirements.  
For guidance on the use of this standard for mechanical and hydraulic piping design, refer to the flow charts pre-
ceding this introduction.

9.6.6.1.1  Purpose

The objectives of this standard are to provide the requirements for rotodynamic pump piping and to educate users 
about the effects and interactions of inlet (suction) and outlet (discharge) piping on rotodynamic pump performance 
and service life.

9.6.6.1.2  Scope

This standard applies to inlet (suction) and outlet (discharge) piping for rotodynamic pumps of radial, mixed and 
axial flow types, in all worldwide markets. It identifies and details the required and recommended practices for 
pump piping that will serve to reduce the risk of the pump failure to perform due to system interaction.

9.6.6.1.2.1  Piping

This document is intended to complement ANSI/HI 9.8 Rotodynamic Pumps for Pump Intake Design. To eliminate 
the possibility of overlap and conflict with other standards, this document is applicable as follows:

•	 All piping upstream from the pump, regardless of pump suction orientation (e.g. side-suction, bottom-suction, 
etc.) and installation configuration (e.g. horizontal and vertical).

•	 All piping downstream from the pump, regardless of pump suction orientation (e.g. side-suction, bottom-suction, 
etc.) and installation configuration (e.g. horizontal or vertical).

The standard excludes the following:

1)	 Any piping integral to the pump unit, such as auxiliary or lubricant piping.

2)	 Requirements for suction piping when the pipe enters a tank, vessel, or other pump intake structure as described 
in ANSI/HI 9.8 where specific suction piping requirements are provided.

The standard covers the following topics as they relate to rotodynamic pump suction and discharge piping:

•	 Effects of piping on liquid suction conditions (such as the effect on net positive suction head available [NPSHA], 
which influences cavitation).

•	 Effects on pressure development of the pump, hydraulic and piping loads on the pump, piping system consider-
ations (water hammer, parallel pump operation, valving, and pipe supports), pump noise, and pump vibration.

9.6.6.1.2.2  Viscosity considerations

The fundamental recommendations and requirements of this standard do not change with increases in liquid  
viscosities for Reynolds numbers above 1 × 105.

Effects of changes in liquid viscosity on pump performance are described in ANSI/HI 9.6.7 Rotodynamic Pumps – 
Guideline for Effects of Liquid Viscosity on Performance.
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Head and rate of flow will normally decrease as viscosity increases. Power will increase, as will net positive suction 
head required (NPSH3) in most circumstances. Starting torque may also be affected. Likewise, liquid flow within a 
piping system will also be similarly affected by changes in liquid viscosity.

Friction in the pipe and fittings will be increased with higher viscosity. It is appropriate that these effects be taken 
into consideration when determining the design of a piping system. For Reynolds numbers below 1 × 105 physical 
modeling and CFD analysis studies may be considered as a means by which to simulate these effects. See sec-
tions 9.6.6.3.5 and 9.6.6.3.6.

9.6.6.2  Pump Piping Design General

In order to mitigate the risk of pump or system malfunction or failure, the piping system requirements shall be 
identified and met. These requirements can be identified as the manifestation of the known best practices. This 
standard presents known and accepted best practices based on information available to the Hydraulic Institute at 
the date of publication.

9.6.6.2.1  In the application of this standard, the flow rate at pump rated condition point shall be used as the 
design flow rate for the basis of the piping design. Refer to Notes 1 and 2.

Notes:

1.	 Other considerations in the pump system design and contemplated modes of operation may require the pumps 
to frequently function under higher rates of flow. In such instances, the maximum flow rate should be considered 
for the purpose of piping design unless specified otherwise.

2.	 Refer to ANSI/HI 9.8 appendix titled “Influence of pump selection on intake design” for discussion on this topic.

3.	 Velocity to be interpreted as the average velocity of the pipe calculated using the internal cross sectional area 
unless otherwise indicated. Velocity of liquid inside the pipe should be determined using the pipe internal diam-
eter rather than nominal pipe diameter.

4.	 Reference pipe diameters relate to nominal pipe size (NPS), not the pipe inside diameter.

5.	 In the case of existing pump installations, it is recognized that site conditions and constraints will often prevent 
full compliance with the requirements of this standard. Refer to Appendix G for guidance in these circumstances.

6.	 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 pump performance or reliability. Well-designed piping systems will normally be more energy effi-
cient than a poorly designed system.

7.	 The function of suction piping is to provide a uniform velocity profile or symmetric approach flow to the pump 
suction nozzle 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, connected directly 
to the pump, with no turns or flow-disturbing fittings close to the pump. Failure of the suction piping to deliver 
the liquid to the pump in this condition can result in noisy operation, random axial load oscillations, premature 
bearing or seal failure, cavitation damage to the impeller and suction portions of the casing, early onset of suc-
tion recirculation, and occasionally damage due to liquid separation on the discharge side. For additional intake 
design recommendations see references 1, 2, and 3 in Appendix H.

8.	 Discharge piping flow characteristics normally will not affect the performance or reliability of a rotodynamic 
pump, with a few exceptions.

a.	 Sudden stopping and starting of pumps during emergency power failure, sudden valve closures can cause 
water hammer and generate damaging high pressures to the pump and/or piping system components. To 
evaluate the water hammer effect, a transient flow analysis may be required (see Section 9.6.6.4.4 and 
Appendix B).
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b.	 Discharge piping can affect the starting, stopping, and priming of the pump.

c.	 The discharge piping configuration can also influence any discharge flow recirculation that might extend into 
the discharge piping at very low flow rates.

9.	 It is a good practice to provide a pipe coupling or dismantling joint at the pump nozzles to facilitate maintenance 
or removal of the pump.

10.	 Common detrimental effects caused by poor pump piping and pipe support design include:

a.	 Excessive piping loads on a pump because of pipe misalignment with the pump connections.

b.	 Failure to properly restrain the pump to the foundation support. For example, when pump anchor fasteners 
are loosened, modified, or removed to aid in alignment with piping, robust pump anchorage may be com-
promised and impact pump operation.

c.	 Excessive loads on piping resulting from unsupported or poorly supported valves, fittings, or vertical inline 
pumps. Excessive pump nozzle loads are 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.

9.6.6.3  Inlet (suction) piping requirements

Suction flow disturbances such as swirl, non-uniformity in the distribution of velocities and pressures, and sudden 
variations in velocity can be harmful to the hydraulic performance of a pump, its mechanical behavior, and its reli-
ability. Usually the higher the power, rotative speed, and specific speed of a pump, and the lower the NPSH mar-
gin, the more sensitive the pump’s performance is to suction hydraulic conditions. This section provides require-
ments and guidance to minimize suction flow disturbances at the pump suction nozzle.

9.6.6.3.1  All suction fitting joints shall be tight, especially when the pressure in the piping is below atmospheric, 
to preclude air leaking into the liquid.

Notes:

1.	 Any valve in the suction pipe should be installed with stems oriented to minimize the possibility of air (gas) 
accumulation unless this stem orientation creates an approach flow disturbance.

2.	 For most pumping systems, an suction shut-off valve should be installed in the suction piping for system or 
pump isolation. The shut-off valve should be selected with consideration of impact on NPSH margin.

3.	 For pumps operating with a suction lift, suction pipe should slope constantly upwards toward the pump, with a 
minimum slope of 1% (Figure 9.6.6.3). In general, as liquid travels through a piping network, entrained air tends 
to rise to the highest point. If the pipe slopes upward toward the pump, then the velocity of the liquid will move 
the air bubbles towards this high point at the pump. In contrast, if the pipe is fairly flat and the inside surface of 
the pipe is very rough, or the pipe slopes downward toward the pump, then the fluid velocity may not be suffi-
cient to keep the air bubbles moving. As a consequence, it is possible for a pocket of air to collect at localized 
high points and gradually reduce the effective liquid flow area. This reduction in area can create a throttling 
effect similar to a partially closed valve.

Copyrighted material licensed to Bechtel Corporation by Techstreet LLC, subscriptions.techstreet.com, downloaded on 2022-05-06 07:57:01 +0000 by Mohamed  Waheed.
 No further reproduction or distribution is permitted.

Full document details: HI 9.6.6 2022

http://www.avadocuments.com/doc/hi-9-6-6-2022
http://www.avadocuments.com/doc/hi-9-6-6-2022


4	 Hydraulic Institute Standards, Copyright © 1997-2022, All Rights Reserved

Rotodynamic Pumps for Pump Piping — 2022

NOT RECOMMENDED

SUCTION

AIR POCKET

RECOMMENDED

SUCTION

Figure 9.6.6.3 — Suction pipe design for systems with suction lift

	� It is also possible that a slug of air may be swept into the pump during a restart or normal operation, caus-
ing a partial or complete loss of pump prime, especially in applications where the suction pipe is kept full by 
a foot valve at its intake (see Appendix E).

4.	 Any amount of entrained air in the liquid may adversely affect pump performance. Check with the pump man- 
ufacturer to determine allowable levels of entrained air, and review ANSI/HI 14.3 Rotodynamic Pumps for 
Design and Application for more information on the topic.

9.6.6.3.2  Inlet (suction) pipe size/velocity requirements

This subsection provides guidance on velocity variation throughout the suction piping as well as guidance regard- 
ing maximum recommended suction velocity. The resultant suction piping size(s) can be determined based on this 
guidance and recommendations at the design flow rate. For closed conduit flow applications in fully turbulent flow 
regime, the magnitude of the velocity does not measurably influence the flow distribution characteristics.

9.6.6.3.2.1	 The velocity in the suction piping shall be constant or increasing as the flow approaches the pump.

9.6.6.3.2.2	 Transitions resulting in flow deceleration at the pump shall not be used.

9.6.6.3.2.3	 The suction pipe shall be at least as large as the pump suction nozzle. Refer to Note 1.

9.6.6.3.2.4	� For liquids close to the vapor pressure, the velocity shall be kept low enough to avoid flashing of 
the liquid in the piping, especially when fittings are present. Refer to Note 2.

Notes:

1.	 The velocity at any point along the suction piping is recommended to be a maximum of 2.4 meters per second 
(m/s)(8 feet per second [ft/s]), unless the liquid is a slurry. However, this velocity recommendation does not 
apply to the straight run of pipe immediately upstream of the pump suction nozzle provided this pipe is the same 
diameter as the pump suction nozzle and directly connected to the pump.

a.	 See section 9.6.6.2 (Pump Piping Design General) for design flow rate guidance.

b.	 In all cases, especially for those with velocities in excess of 2.4 m/s (8 ft/s), suction velocities should be 
evaluated with respect to noise, erosion, NPSH margin, water hammer, cavitation, pump and valve man- 
ufactuer’s recommendations and pump system life cycle cost.

c.	 If the liquid is a slurry, velocity may need to be higher to maintain solids in suspension (refer to Appendix 
E.4). Minimum velocity in range of 2 to 4 m/s ( 6.5 to 13 ft/s) typically recommended due to the high specific 
gravity of solids for most slurries.

d.	 For many common solids-bearing liquids (such as raw wastewater with primarily organic solids or primary 
sludge), a minimum velocity of 1.0 m/s (3 ft/s) is recommended to reduce sedimentation in horizontal piping.

e.	 A velocity as low as 0.6 m/s (2 ft/s) is generally sufficient for organic solids (such as mixed liquor in an  
activated sludge biological wastewater treatment process).
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2.	 A reduction in pressure and/or flashing can liberate dissolved air and vapor, which can be carried into the suc-
tion of the pump resulting in loss of performance and also potentially loss of prime.

3.	 In some cases, smaller pipe sizes may be beneficial by allowing for more straight pipe length upstream of the 
pump suction nozzle. Refer to requirement 9.6.6.3.2.3

4.	 The suction piping should be designed with gradual transitions if changing pipe sizes.

5.	 The suction piping should be designed to minimize changes in flow direction.

6.	 Valves and other flow-disturbing fittings located in pump suction piping should be at least one pipe size larger 
than the pump suction nozzle, with the exception of continuous-bore, 100% open valves (such as full-ported 
ball valves and gate valves).

9.6.6.3.3  Effect of piping-generated swirl

The most disturbing flow patterns entering a pump are those that result from swirling liquid that has traversed 
several changes of direction in various planes. When fittings, such as tees and elbows (especially two elbows 
at right angles), are located too close to the pump suction, a spinning action, or swirl, is induced. This swirl may 
adversely affect pump performance by reducing efficiency, head, NPSHA, and potentially causing noise, vibration, 
and damage.

9.6.6.3.3.1 � Liquid in the suction pipe shall approach the pump in a state of straight, steady (uniform) flow.

9.6.6.3.3.2  A straight and uninterrupted section of pipe be installed between the pump and the nearest flow-dis-
turbing fitting. Refer to Notes 1-2.

Notes:

1.	 See Figures 9.6.6.3.4a - k, which demonstrate the minimum required lengths specified in Table 9.6.6.3.4.

2.	 If the minimum recommended pipe lengths cannot be provided, then conformance with the Standard may 
be demonstrated with a physical model study. Modifications identified in the model study to address adverse 
hydraulic conditions could include the use of flow-straightening devices (see Appendix E.2).

9.6.6.3.4  Required straight pipe lengths

The minimum required suction pipe lengths stated in Table 9.6.6.3.4, the related requirements, and guidance are 
provided to maximize the potential for uniform approach flow at the suction nozzle.  Following the requirements 
and guidance, will minimize the impact on pump hydraulic performance and improve the service life. 

9.6.6.3.4.1  In general, pumps shall have an uninterrupted and unthrottled flow into the suction nozzle (no flow-
disturbing fittings for the required minimum length identified with Table 9.6.6.3.4).

9.6.6.3.4.2  The use of flow-disturbing fittings on the suction of the pump shall be carefully evaluated.

9.6.6.3.4.3  Flow-disturbing fittings not specifically allowed by Table 9.6.6.3.4 shall not be connected directly to 
the pump suction nozzle without approval from the pump manufacturer.

9.6.6.3.4.4  Isolation valves and other devices used on the suction side of the pump shall be sized and located to 
minimize disturbance of the flow into the pump (Table 9.6.6.3.4).

9.6.6.3.4.5  In horizontal suction piping, the flat side of the eccentric reducer shall be located on the top. In hori-
zontal suction piping where flow approaches from above, either a concentric reducer or an eccentric reducer with 
flat side on the bottom shall be used (Refer to Note 4 and figure 9.6.6.3.4a).
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PUMP SUCTION NOZZLE

L2

D
2 LONG RADIUS

ELBOW

ECCENTRIC REDUCER
(FLAT SIDE ON BOTTOM)

DIRECTION OF
LIQUID FLOW

VERTICAL SUCTION
LATERAL

Figure 9.6.6.3.4a - General example of requirement 9.6.6.3.4.5 with eccentric reducer downstream  
of the vertical suction pipe from above 

9.6.6.3.4.6  Table 9.6.6.3.4 shall be utilized to determine the minimum length of straight pipe (L2) required immediately 
upstream of the pump suction nozzle for a variety of commonly used fittings and valve types. Refer to Notes 5 – 7.

A.	 Reference example Figures 9.6.6.3.4a - k.

B.	 The velocity recommendations of Section 9.6.6.3.2 do not apply to this section of pipe (i.e., the L2/D2 

section).

C.	 If several fittings are adjacent, the fitting with the greatest length requirement shall govern and that length 
requirement shall be applied to the most downstream fitting (reference Figures 9.6.6.3.4g, h, and j).

Notes:

1.	 Flow disturbances on the suction side of the pump can lead to deterioration in performance (lower head and/
or lower NPSHA), and damage leading to reduced impeller, mechanical seal, and bearing life due to cavitation, 
pulsation surges, and excessive radial and axial forces.

2.	 The effect of flow disturbances from fittings installed in the suction piping will diminish with increasing distance. 
For example, short suction piping is less effective in moderating disturbances before the flow reaches the pump.

3.	 For VS6 and VS7 pump types, the straight run requirements summarized herein do not apply to suction can 
piping which is covered in ANSI/HI 9.8.

4.	 A concentric reducer is typically applied in vertical suction pipes or horizontal pipe installations where there is no 
potential for air or vapor accumulation. Eccentric reducers are normally used for horizontal installations where 
there is potential for air or vapor accumulation. Eccentric reducers typically positioned with flat side up to avoid 
trapping air or vapor. However, in vertical suction lateral which approaches from above eccentric reducer flat 
side is positioned down as shown in Figure 9.6.6.3.4a to facilitate continuous removal of air or vapor through 
the vertical lateral.

5.	 Failure to provide the minimum pipe lengths specified in Table 9.6.6.3.4 can lead to the hydraulic and mechan-
ical issues described above.

6.	 Double suction pumps are a sensitive application because an elbow in the plane of the pump shaft mounted on 
the suction nozzle will direct more flow to one side of the impeller than the other (see Figure 9.6.6.3.4l).

7.	 Figure 9.6.6.3.4m shows examples of flow-disturbing fittings attached directly to the pump that require approval 
by the pump manufacturer.
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Table 9.6.6.3.4 — Minimum required straight pipe length (L2) before pump suction nozzle  
(refer to Figures 9.6.6.3.4a – k)

Fitting
Number of pipe diametersa,b Comments

Long radius Short radius

90° elbow 4 5 For double suction pumps, add one 
pipe diameter if the elbow and pump 

shaft are in the same plane.  
Area reduction (%) =

(Ain-Aout)/Ain

Reducing elbow with < 30% area reduction 3 4

Reducing elbow with 30% to ≤ 50% area reduction 2 3

Reducing elbow with > 50% area reduction 0 1

Reducers Concentric Eccentric

1 pipe size reduction 0 (<10°)c 0 (<20°)c

2 pipe size reductions 0 (<20°) 0 (<30°)

3 pipe size reductions 0 (<20°) 1 (<30°)

4 pipe size reductions 2 (<20°) 3 (<40°)

5 pipe size reductions 3 (<30°) 4 (<40°)

≤ 45° lateral 4

Tee, branch flow, > 45° 5

Continuous-bore valve (100% open) 0
(Continuous-bore ball and  

gate valves)

Eccentric plug valve - rectangular 80% port 4

Eccentric plug valve - rectangular 100% port 3

Butterfly valved 2

Notes:

1)	 If an allowed fitting is connected directly to the pump, the next fitting upstream shall have a length L2 between it and the pump at least 
equal to the number of straight pipe diameters referenced in this table. The length of the allowed fitting is not to be included as a part 
of this distance. If several fittings are adjacent, longest L2 governs. See Figure 9.6.6.3.4g. Allowed fittings include a concentric reducer 
of 1 - 3 pipe size reduction, an eccentric reducer of 1 - 2 pipe size reduction, a continuous bore valve or a fitting approved by the pump 
manufacturer.

2)	 Butterfly valves installed on the suction side of pumps with double suction impellers shall be oriented such that the valve operating shaft 
is in a parallel plane to the pump shaft.

3)	 Globe valves and diaphragm valves shall not be used on the suction side of the pumps.

4)	 For vertical in-line pumps, elbows may be installed on the suction side with an orientation parallel to the pump shaft a distance L2 a 
minimum of two pipe diameters for long radius elbows and three pipe diameters for short radius elbows.

5)	 Length of straight pipe between fitting and pump may be reduced from that presented in the above table with approval of the pump 
manufacturer.

6)	 Alternative values may be used if substantiated by a physical model study. See Section 9.6.6.3.5

7)	 The data in this table are based on commercially available fittings.

8)	 Flow-straightening devices do not serve as a substitute for the L2 requirements in this table unless validated by a physical model study. 
Refer to Appendix E.2 for information on flow straightening devices, and section 9.6.6.3.5 for information on physical model studies.

9)	 Refer to the information provided in subsection 9.6.6.3.4 for further guidance

a  For fittings that require less than two pipe diameters of straight pipe length, space shall be sufficient for ease of pump installation and removal.
b � The pump manufacturer is responsible for guaranteeing pump performance when providing designs for fittings (or furnishing fittings) that are 

directly connected to the pump, whether or not they conform to the requirements of this table. When contractually agreed to by both the purchas-
er and pump manufacturer, the pump manufacturer shall guarantee pump performance including the furnished fitting(s) at the guarantee point(s) 
as tested in accordance with ANSI/HI 14.6 Rotodynamic Pumps for Hydraulic Performance Test. If the directly connected fittings are supplied by 
others and do not conform to the table requirements, the pump manufacturer shall be consulted for acceptability of the fitting type and location.

c � The angles given are the maximum per side for standard commercial fittings. Nonstandard fittings having a greater angle per side shall use the 
number of pipe diameters corresponding to that angle, regardless of the number of pipe size reductions.

d � Care must be taken when placing a butterfly valve downstream from a fitting such as an elbow or tee. The valve operating shaft and disk shall be 
oriented in the same plane as an elbow or tee. In cases where this is in conflict with table 9.6.6.3.4 Note 2, then Note 2 governs and additional 
distance (1-3 pipe diameters) between the tee or elbow and valve should be considered to avoid more adverse hydraulic conditions and loading 
on the valve.
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PUMP SUCTION NOZZLE

L2

D
2

REDUCER

FLOW-DISTURBING
FITTING

DIRECTION OF
LIQUID FLOW

Figure 9.6.6.3.4b — General example – pump suction with a required L2 length for a flow-disturbing fitting

PUMP SUCTION NOZZLE

L2
D

2

ALLOWED FITTING FROM
TABLE 9.6.6.3.4

FLOW-DISTURBING
FITTING

DIRECTION OF
LIQUID FLOW

Figure 9.6.6.3.4c — General example – pump suction with an allowed fitting connected directly and a 
required L2 length for a flow-disturbing fitting

PUMP SUCTION NOZZLE

L2 = 4 × D2

D
2

SHORT RADIUS REDUCING
ELBOW, <30% AREA
REDUCING

DIRECTION OF
LIQUID FLOW

Figure 9.6.6.3.4d — Specific example – pump suction with a required L2 length  
for a short-radius reducing elbow (< 30% area reduction)
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PUMP SUCTION NOZZLE

L2 = 5 × D2
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CONCENTRIC REDUCER,
1 PIPE SIZE REDUCTION

SHORT RADIUS
ELBOW

DIRECTION OF
LIQUID FLOW

Figure 9.6.6.3.4e — Specific example – pump suction with a concentric reducer (1 pipe size reduction), 
and a required L2 length for a short-radius elbow

SUCTION HEADER

PUMP SUCTION NOZZLE

L2 = 5 × D2

D
2

Figure 9.6.6.3.4f — Specific example –  pump suction with a required L2 length for a suction  
header (tee or branch flow)

PUMP SUCTION NOZZLE

NOTE THAT THE L2 LENGTH OF 5 × PIPE DIAMETER IS DRIVEN
BY THE LONGEST GOVERNING LENGTH OF THE 90 DEGREE
SHORT-RADIUS ELBOW (THE CONCENTRIC REDUCER ONLY
REQUIRES AN L2 OF 2 × PIPE DIAMETER) 

L2 = 5 × D2

D
2

SHORT RADIUS
ELBOW

DIRECTION OF
LIQUID FLOW

CONCENTRIC REDUCER,
4 PIPE SIZE REDUCTION

ECCENTRIC REDUCER,
2 PIPE SIZE REDUCTION

Figure 9.6.6.3.4g — Specific example – pump suction with an eccentric reducer (2 pipe size reduction),  
a required L2 length for a concentric reducer (4 pipe size reduction), and a short-radius elbow

Copyrighted material licensed to Bechtel Corporation by Techstreet LLC, subscriptions.techstreet.com, downloaded on 2022-05-06 07:57:01 +0000 by Mohamed  Waheed.
 No further reproduction or distribution is permitted.

Full document details: HI 9.6.6 2022

http://www.avadocuments.com/doc/hi-9-6-6-2022
http://www.avadocuments.com/doc/hi-9-6-6-2022

