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Foreword (Not part of Standard)

The purpose and aims of the Institute are to promote the continued growth of pump knowledge for the interest of
pump users and manufacturers and to further the interests of the public in such matters as are involved in manufac-
turing, engineering, distribution, safety, transportation and other problems of the industry, and to this end, among
other things:

a) To develop and publish standards for pumps;
b) To collect and disseminate information of value to its members and to the public;

c) To appear for its members before governmental departments and agencies and other bodies in regard to mat-
ters affecting the industry;

d) To increase the amount and to improve the quality of pump service to the public;
e) To support educational and research activities;

f) To promote the business interests of its members but not to engage in business of the kind ordinarily carried on
for profit or to perform particular services for its members or individual persons as distinguished from activities
to improve the business conditions and lawful interests of all of its members.

Purpose of Standards

1) Hydraulic Institute Standards are adopted in the public interest and are designed to help eliminate misun-
derstandings 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.

2) Use of Hydraulic Institute Standards 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 fol-
lowing: nomenclature, composition, construction, dimensions, tolerances, safety, operating characteristics, perfor-
mance, quality, rating, testing and service for which designed."

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 sent to the Hydraulic Institute. The
inquiry will then be directed to the appropriate technical committee for provision of a suitable answer.

If a dispute arises regarding the content of an Institute Standard or an answer provided by the Institute to a ques-
tion such as indicated above, the point in question shall be sent in writing to the Technical Director of the Hydraulic
Institute, who shall initiate the Appeals Process.

Revisions

The Standards of the Hydraulic Institute are subject to constant review, and revisions are undertaken 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.

Units of measurement

Metric units of measurement are used; and corresponding US customary units appear in brackets. Charts, graphs
and sample calculations are also shown in both metric and US customary units. Since values given in metric units
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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 Standard was achieved by use of the canvass method. The following organizations recognized
as having interest in rotodynamic (vertical) pumps for nomenclature and definitions were contacted prior to the
approval of this revision of the Standard. Inclusion in this list does not necessarily imply that the organization con-
curred with the submittal of the proposed Standard to ANSI.

A.W. Chesterton
Bantrel

Bechtel Ltd

Bechtel Power Corp.
Black & Veatch Corp.
Brown and Caldwell

Fairbanks Morse Pump Corporation

Fluid Sealing Association
Grundfos Pumps Corp.
Healy Engineering

ITT

J.A.S. Solutions Ltd.
John Crane

King County WTD

Committee List

Malcolm Pirnie

Moyno, Inc.

National Pump Company
Patterson Pump Company
Peerless Pump Company
Pentair Water

Pentair Water, Delavan
POWELL KUGLER, Inc.
Sulzer Pumps

Suncor

Taco, Inc.

Tecsult, Inc.

Weir Specialty Pumps

Whitley Burchett & Associates

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 the standard was approved, the committee had the

following members:

Chair — Allen Hobratschk, National Pump Company, LLC
Vice-chair - Randal Ferman, Flowserve Pump Division

Committee Members
Michael S. Cropper
Michael Derr

Al Iseppon

Richard O'Donnell
Greg Towsley

Fred Walker

Other Members
William Beekman
Jason Davis

Michael Mueller
Aleksander Roudnev
Arnold Sdano
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Preface

Symbols are used throughout this standard to identify the pump types. When originally introduced, the convention
is to define the term in text, followed by the HI symbol in parenthesis (xx), and followed, when different, with the ISO
symbol in brackets [xx].

Standard ANSI/HI 2.3 Rotodynamic (Vertical) Pumps for Design and Application complements the nomenclature
and definitions content defined in this document with detailed information about the design and application of roto-
dynamic (vertical) pumps.

2 Rotodynamic (vertical) pumps
2.1 Types and nomenclature

2.1.1 Scope

This standard is for types, nomenclature, and definitions of vertical turbine, mixed flow, axial flow vertical diffuser,
submersible motor deepwell and short-set pumps, types VSO0, VS1, VS2, VS3, VS6, VS7, and VS8 (Figure 2.1.3)
that are driven by vertical electric motors or horizontal engines with right-angle gears. Excluded from the scope of
this document are vertical in-line volute pumps; horizontal centrifugal pumps mounted vertically, such as sewage
pumps; and vertical overhung impeller types VS4 and VS5 (Figure 2.1.3).

2.1.2 Definition of rotodynamic (vertical) pumps

Rotodynamic pumps are kinetic machines in which energy is continuously imparted to the pumped fluid by means
of a rotating impeller, propeller, or rotor. The most common types of rotodynamic pumps are centrifugal (radial
flow), modified radial flow (turbine pumps), mixed flow, and axial flow (propeller pumps). (Refer to Sections 2.1.5.2
t0 2.1.5.5.)

These pumps, particularly the radial flow and modified radial flow types, are usually designed for multistaging, by
bolting or threading individual bowls together.

The pumping element (bowl assembly) is usually suspended by a column pipe, which also carries the liquid from
the bowl (assembly) to the discharge opening.

Rotodynamic (vertical) pumps are normally classified as deep well, short set, or submersible motor-driven. The
driver for these pump configurations is mounted either on the discharge head (lineshaft pumps); directly to the bowl
assembly, either above or below (i.e., pumps with submersible motors); or in a horizontal configuration, such as an
electrical motor or engine, driving through a right-angle gear.

2.1.3 Types of vertical pumps
See Figures 2.1.3 10 2.1.3.5.
2.1.3.1 Deep well (lineshaft)

This type of vertical pump is commonly installed in a drilled and cased well. Its function is to move liquid (usually
water) from the liquid level in the well to the surface and provide a specified discharge pressure at the surface (see
Figure 2.1.3.1). The pumping element consists of a single or multistage bowl assembly. The first-stage impeller is
located below the lowest liquid level. The bowl bearings are usually lubricated by the pumped liquid. The open line-
shaft pump is often referred to as a product-lubricated or water-lubricated pump. The lubrication for an enclosed
lineshaft pump may be oil, grease, filtered pump discharge water, or clean water from an external source. The col-
umn pipe and lineshaft assembly is either an open-type, product-lubricated assembly or enclosed-type oil or exter-
nal liquid-lubricated assembly. The column pipe is supported at the surface by a discharge head. The discharge
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Vertically Suspended Pump Types
and Classifications

Vertically Suspended

[
Single Casing
(Open Pllt Intake) Double Casing
T 1 (Can or Suction Barrel Intake)
Discharge Separate (I:n—ll_ne
Submersible Through Discharge asing
Column (Sump)
Lineshaft Canti-
lever Diffuser
[ | |
Diffuser Axial Volute
V°||“te FI(l)w Diffuser
VS0 VS 1 VS 2 VS 52 VS 6 VS 7 VS 7a VS 8

2 See ANSI/HI 1.1-1.2 Rotodynamic (Centrifugal) Pumps for Nomenclature and Definitions.
Figure 2.1.3 — Vertical pump types — vertically suspended - single and multistage

head directs the water from vertical to horizontal flow and also supports a driver or right-angle gear. A shaft sealing
arrangement is contained within the discharge head. This type of pump is self-priming. Typically the vertical electric
motor or vertical right-angle gear drive is of the “hollow shaft” design.

2.1.3.2 Wet pit, short set (lineshaft) — single and double suction

This type of vertical pump usually is suspended in a wet pit. (See Figures 2.1.3.2a, b, ¢, and d.) The pumping ele-
ment can be fitted with a bowl assembly of any desired specific speed. Normally the bowl assembly bearings are
product-lubricated; however, they can be force-lubricated by grease, water, or other lubricants. The column pipe
assembly supports the bowl assembly and houses a lineshaft. The lineshaft bearings are usually open-type,
product-lubricated. However, enclosed-type lineshaft, force-feed lubrication with oil, grease, or water may also be
supplied. A shaft sealing arrangement is contained within the discharge head on product-lubricated pumps. This
type of pump is self-priming.

2.1.3.3 Barrel or can (lineshaft)

This type of pump is mounted in an enclosed container (barrel or can) and typically is used in booster applications
where inadequate suction pressure conditions exist, or where the upstream flow under pressure or vacuum must
be conveyed to the pumping unit. The can pump contains the same pumping elements and column pipe as the wet
pit type pumps (see Figures 2.1.3.3a and b). The lineshaft bearing assembly is usually product-lubricated. The dis-
charge head performs the same functions as the wet pit head except the base is sealed to atmosphere. Liquids
other than water are commonly pumped by this type of pump. This type of pump is very effective where inadequate
system net positive suction head (NPSH) is available. Additional NPSH is created by extending the pump can
length and lowering the bowl assembly by lengthening the column assembly to create additional submergence
(suction head). In applications with limited floor space, and where high developed pressure is required, the vertical,
multistage volute arrangement shown in Figure 2.1.3.3c may be used.
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2 Impeller Elect
ectric motor, Right-angle
Shaft, pump vertical hollow shaft gear drive,
8 Ring, impeller design vertical hollow shaft
10 Shaft, head design
| 66 e
12 Shaft, line ﬁ
13 Packing
17 Gland

29 Ring, lantern

39 Bearning, sleeve
40 Deflector
55 Bell, suction

I ————
N P E— |

0l \a‘

63 Bushing, stuffing box

64 Collar, protecting
66 Nut, shaft-adjusting
70 Coupling, shaft l\\t\% il 2\}\
77  Lubricator 7 I ] -
79 Bracket, lubricator ‘I
83  Stuffing box = [l}
84 Collet, impeller lock 70 i
85 Tube, shaft-enclosing il
91 Stablizer, tube

101 Pipe, column

102 Bearing, throttle

103 Bearing, lineshaft, enclosed

129 Plate, sole

131 Guard, coupling

183 Nut, tubing

185 Plate, tension, tube

187 Head, surface discharge

((
)
S
\H

189 Flange, top column
191 Coupling, column pipe

193 Retainer, bearing, open
line shaft

195 Adapter, tube
197 Case, discharge
199 Bowl, intermediate

203 Case, suction

209 Strainer (optional)

. ] ] i) Enclosed impeller ammy
211 Pipe, suction (optional) open lineshaft 209 [ 1 8 5 1 1
213 Ring, bowl hollow shaft driver 5

if) Enclosed impeller
enclosed lineshaft
hollow shaft driver

Figure 2.1.3.1 — Deep well pumps (VS1)
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Vertical solid shaft
/ electric motor

[ [

| |
131 2
6
42 3
66 12
: :
14
17 15
17
29
1 2
83 39
63 : ; 40
129 —F i1/ E//ﬁf’i’/f/’% 42
161 44
46
39 55
14 = 66
70
82
83
86
101
129
131
161
187
193
199
213

Impeller

Shaft, pump

Ring, impeller

Shatft, line

Packing

Sleeve, shaft

Bowl, discharge
Gland

Ring, lantern

Key, impeller
Bearing, sleeve
Deflector

Coupling half, driver
Coupling half, pump
Key, coupling

Bell, suction
Bushing, stuffing box
Nut, shaft adjusting
Coupling, shaft
Ring, thrust, retainer
Stuffing box

Ring, thrust, split
Pipe, column

Sole plate

Guard, coupling
Fitting, discharge
Head, surface discharge

Retainer, bearing, open
lineshaft

Bowl, intermediate
Ring, bowl

Figure 2.1.3.2a — Vertical single or multistage, short setting, open lineshaft (VS1)
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Wi

Wi

7,
Vi

With bearing
below impeller

131
42
86
66
44
46

17

209

12
13
15
17
24
29
32
39
42
44
46
55
63
64
66
70
82
83
86
101
129
131
161
187
193

209

15

32
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Motor, vertical
: solid shaft design

Impeller

Shaft, pump

Shatft, line

Packing

Bowl, discharge
Gland

Nut, impeller

Ring, lantern

Key, impeller
Bearing, sleeve
Coupling half, driver
Coupling half, pump
Key, coupling

Bell, suction
Bushing, stuffing box
Collar, protecting
Nut, shaft, adjusting
Coupling shaft

Ring, thrust, retainer
Stuffing box

Ring, thrust, split
Pipe, column

Sole plate

Guard, coupling
Fitting, discharge
Head, surface discharge

Retainer, bearing,
open lineshaft

Strainer (optional)

Without bearing

below impeller

Figure 2.1.3.2b — Mixed flow vertical — open lineshaft (VS1)
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/ A

[ |
| |

| | Vertical solid shaft
_ '/ electric motor

131 T .
42 ~ 1 Case, volute
66 [P M? 2 Impeller
44 161 5 Diffuser, transition
46 : 6 Shaft, pump
17 ERTNG 7 Ring, bell wearing
187 — > Z 8 Ring, impeller

12  Shatft, line

13 Packing

%_ 17 Gland
29 Ring, lantern
32 Key, impeller

39 Bearing, sleeve
42  Coupling half, driver
44  Coupling half, pump
46  Key, coupling
55 Bell, suction
63 Bushing, stuffing box
64 Collar, sand
66  Nut, shaft adjusting
70  Coupling, shaft
82 Ring, thrust, retainer
83  Stuffing box
101 Pipe, column
129 Sole plate
131 Guard, coupling
161 Fitting, discharge
187 Head, surface discharge
193 Retainer, bearing

P N o
fir
Uz,
N \ = \: V.Z‘l'l

32 S
; |
8 Nt | B\
= |
82 s |
(N \
64 et
55 ==\
39
6

Figure 2.1.3.2c — Vertical double suction, short setting, open lineshaft (VS2)
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Vertical hollow shaft
/ electric motor

66
77 10
: : 40 2 Impeller
Il 6 Shaft, pump
79 | H 10 Shaft, head
81 N 167 12 Shaft, line
15 Bowl, discharge
131 "@D 32 Key, impeller
161 .
185 — 39 Bearing, sleeve
129 40 Deflector
12 55 Bell, section
64 Collar, protecting
85 66 Nut, shaft-adjusting
70 Coupling, shaft
77 Lubricator
103 .
79 Bracket, lubricator

| 81 Pedestal, driver
70 M 105 82 Ring, thrust, retainer
85 Tube, shaft-enclosing

86 Ring, thrust, split
93 Clamp, umbrella (optional)

101 ) i
95 Umbrella, suction (optional)
6 97 Liner, bowl
i 101 Pipe, column
103 Bearing, lineshaft, enclosed
105 Elbow, discharge
39 86 9
129 Sole plate
15 97 131 Guard, coupling
32 64 161 Fitting, discharge
2 39 167 Valve, air and vacuum release
55 (optional)
82 — 183 Nut, tubing
\ 185 Plate, tension, tube
93 95

Figure 2.1.3.2d — Vertical, axial flow impeller (propeller) type (enclosed lineshaft)
below floor discharge configuration (VS3)
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