
iii

Contents
Page

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Rotodynamic (centrifugal) pumps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Types and nomenclature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.2 Definition of rotodynamic (centrifugal) pumps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.3 Types of rotodynamic pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.4 Impeller designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.1.5 Construction drawings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.1.6 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
1.1.7 Centrifugal pumps nomenclature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

1.2 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
1.2.1 Rate of flow (Q) [Q] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
1.2.2 Speed (n)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
1.2.3 Head (h) [H]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
1.2.4 Condition points  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
1.2.5 Suction conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
1.2.6 Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
1.2.7 Pump pressures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
1.2.8 Impeller balancing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
1.2.9 Rotodynamic pump icons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Appendix A References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Appendix B Standard Dimension for HI – NEMA Type C Face-Mounted Motors  . . . . . . . . . . . . . . . . . . . . . . 79

Appendix C Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Figures
Figure 1.1.3a — Rotodynamic pump types - overhung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Figure 1.1.3b — Rotodynamic pump types - between bearings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Figure 1.1.3c — Rotodynamic pump types - vertically suspended  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Figure 1.1.3d — Rotodynamic pump types - regenerative turbine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Figure 1.1.4.1 — General impeller types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Figure 1.1.4.2 — Double suction radial flow pump  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Figure 1.1.4.3 — Mixed flow impeller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Figure 1.1.4.4 — Axial flow impeller  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Figure 1.1.5a — Overhung impeller – flexibly coupled – single stage – frame mounted. . . . . . . . . . . . . . . . . . . . 10
Figure 1.1.5b — Overhung impeller – flexibly coupled – single stage – frame mounted – lined pump . . . . . . . . . 11
Figure 1.1.5c — Stock pump – flexibly coupled – single stage – foot mounted. . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Figure 1.1.5d — Overhung impeller – flexibly coupled – single stage – foot mounted – mixed flow . . . . . . . . . . . 13
Figure 1.1.5e — Overhung impeller – flexibly coupled – single stage – foot mounted – ANSI B73.1 . . . . . . . . . . 14
Figure 1.1.5f — Overhung impeller – flexibly coupled – single stage – foot mounted – self-priming. . . . . . . . . . . 15
Figure 1.1.5g — Overhung impeller – flexibly coupled – single stage – centerline mounted – API 610 . . . . . . . . 16
Figure 1.1.5h — Overhung impeller – integral bearing frame – single stage – in-line – flexible coupling . . . . . . . 17
Figure 1.1.5i — Vertical end suction OH3A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Figure 1.1.5j — Overhung impeller – rigidly coupled – single stage – vertical in-line  . . . . . . . . . . . . . . . . . . . . . . 19

Hydraulic Institute Standards, Copyright © 1997-2009, All Rights Reserved



iv

Figure 1.1.5k — Overhung impeller – close coupled – single stage – in-line (showing seal and packing) . . . . . . 20
Figure 1.1.5l — Vertical end suction OH5A – close coupled – built together. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Figure 1.1.5m — High speed – integral gear – close coupled – single stage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Figure 1.1.5n — Overhung impeller – close coupled – single stage – end suction . . . . . . . . . . . . . . . . . . . . . . . . 23
Figure 1.1.5o — Overhung impeller – close coupled – single stage – diffuser style – end suction – 

submersible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Figure 1.1.5p — Overhung impeller – close coupled – single stage – volute style – end suction 

submersible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Figure 1.1.5q — Overhung impeller – flexibly coupled – single stage – axial flow – horizontal. . . . . . . . . . . . . . . 26
Figure 1.1.5r — Lineshaft design sump pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Figure 1.1.5s — Cantilever shaft design sump pump  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Figure 1.1.5t — Impeller between bearings – flexibly coupled – single stage – axial (horizontal) split case. . . . . 29
Figure 1.1.5u — Impeller between bearings – flexibly coupled – single stage – radial split case . . . . . . . . . . . . . 30
Figure 1.1.5v — Impeller between bearings – flexibly coupled – multistage axial (horizontal) split case  . . . . . . . 31
Figure 1.1.5w — Impeller between bearings – flexibly coupled – multistage – radial split case . . . . . . . . . . . . . . 32
Figure 1.1.5x — Impeller between bearings – flexibly coupled – multistage – radial split-double casing . . . . . . . 33
Figure 1.1.5y — Regenerative turbine – side channel single stage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Figure 1.1.5z — Regenerative turbine – peripheral single stage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Figure 1.1.5aa — Regenerative turbine – impeller between bearings – two stage . . . . . . . . . . . . . . . . . . . . . . . . 36
Figure 1.1.5bb — Pitot pump – flexibly coupled – single stage – frame mounted . . . . . . . . . . . . . . . . . . . . . . . . . 37
Figure 1.1.6.5.1.1 — Liquid end (or wet end) assembly  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Figure 1.1.6.5.1.2 — Power end (or frame assembly) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Figure 1.1.6.5.1.3 — Back pull-out assembly  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Figure 1.1.6.6 — Position of casing and shaft rotation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Figure 1.1.6.7a — Horizontal pump – shaft rotation (CW rotation)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Figure 1.1.6.7b — Vertical pump – shaft rotation (CW rotation)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Figure 1.1.6.8 — Pump with C-frame motor adapter, short coupled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Figure 1.1.7.2a — Overhung impeller – flexibly coupled – single stage – frame mounted . . . . . . . . . . . . . . . . . . 55
Figure 1.1.7.2b — Overhung impeller – flexibly coupled – single stage – frame mounted – pump on baseplate . 55
Figure 1.1.7.2c — Overhung impeller – flexibly coupled – single stage – centerline mounted . . . . . . . . . . . . . . . 56
Figure 1.1.7.2d — Overhung impeller – flexibly coupled – single stage – centerline mounted – pump 

on baseplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Figure 1.1.7.2e — Overhung impeller – flexibly coupled – single stage – centerline mounted (top suction). . . . . 57
Figure 1.1.7.2f — Overhung impeller – flexibly coupled – single stage – centerline mounted – pump 

on baseplate (top suction) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Figure 1.1.7.2g — Impeller between bearings – flexibly coupled – single stage – axial (horizontal) split 

case – pump on baseplate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Figure 1.1.7.2h — Impeller between bearings – flexibly coupled – single stage – axial (horizontal) split case . . . 58
Figure 1.1.7.2i — Overhung impeller – close coupled – single stage – end suction . . . . . . . . . . . . . . . . . . . . . . . 59
Figure 1.1.7.2j — Overhung impeller – separately coupled – single stage – frame mounted 

(vertically mounted) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Figure 1.1.7.2k — Overhung impeller – integral bearing frame – single stage – vertical end suction 

with flexible coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Figure 1.1.7.2l — Overhung impeller close coupled – single stage – vertical end suction  . . . . . . . . . . . . . . . . . . 60
Figure 1.2.3.4 — Datum elevation for various pump designs at eye of first-stage impeller . . . . . . . . . . . . . . . . . . 65
Figure 1.2.9.1.1 — Pump type OH00: Horizontal, flexibly coupled, axial flow, single stage, overhung design. . . 69
Figure 1.2.9.1.2 — Pump type OH0: Horizontal, frame mounted, flexibly coupled, single stage, 

overhung design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Figure 1.2.9.1.3 — Pump type OH1: Horizontal, foot mounted, single stage, overhung design . . . . . . . . . . . . . . 70

Hydraulic Institute Standards, Copyright © 1997-2009, All Rights Reserved



v

Figure 1.2.9.1.4 — Pump type OH2: Horizontal, centerline mounted, single stage, overhung design . . . . . . . . . 70
Figure 1.2.9.1.5 — Pump type OH3: Vertical, in-line mounted, single stage, with integral bearing bracket . . . . . 71
Figure 1.2.9.1.6 — Pump type OH4: Vertical, in-line mounted, single stage, rigidly coupled to the driver shaft  . 71
Figure 1.2.9.1.7 — Pump type OH5: Vertical, in-line mounted, single stage, close coupled to the driver shaft . . 72
Figure 1.2.9.1.8 — Pump type OH6: High-speed, integral gear driven, single stage, overhung design . . . . . . . . 72
Figure 1.2.9.1.9 — Pump types OH8A and OH8B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Figure 1.2.9.1.10 — Pump types OH9, OH10, OH11, and OH12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Figure 1.2.9.2.1 — Pump type BB1: Horizontal, axial split, single and two stage, between-bearings design. . . . 73
Figure 1.2.9.2.2 — Pump type BB2: Horizontal, radial split, single and two stage, between-bearings design . . . 74
Figure 1.2.9.2.3 — Pump type BB3: Horizontal, axial split, multistage, between-bearings design . . . . . . . . . . . . 74
Figure 1.2.9.2.4 — Pump type BB4: Horizontal, radially split, multistage, between-bearings design . . . . . . . . . . 74
Figure 1.2.9.2.5 — Pump type BB5: Horizontal, radially split, multistage, double casing, 

between-bearings design  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Figure 1.2.9.3.1 — Pump type VS4: Vertical, single volute casing, lineshaft, flexibly coupled to the driver . . . . . 75
Figure 1.2.9.3.2 — Pump type VS5: Vertical, single volute casing, stiff-shaft cantilever, flexibly 

coupled to the driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Figure 1.2.9.4.1 — Pump type RT1: Overhung, close-coupled, side channel design. . . . . . . . . . . . . . . . . . . . . . 76
Figure 1.2.9.4.2 — Pump type RT2: Overhung, close-coupled, peripheral design . . . . . . . . . . . . . . . . . . . . . . . . 76
Figure 1.2.9.4.3 — Pump type RT3: Between-bearing, flexibly coupled, side channel design . . . . . . . . . . . . . . . 77
Figure 1.2.9.4.4 — Pump type RT4: Between-bearing, flexibly coupled, peripheral design . . . . . . . . . . . . . . . . . 77
Figure 1.2.9.5.1 — Pitot (rotating casing) pumps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Figure B.1 — Dimensions for types JM and JP, alternating current, face-mounting, close-coupled 

pump motors having rolling element contact bearings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Figure B.2 — Standard dimensions for HI - NEMA type HP and HPH vertical, solid-shaft motors . . . . . . . . . . . . 85

Tables
Table 1.1.3.1 — Overhung rotodynamic pump attributes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Table 1.1.7.1a — Centrifugal pump nomenclature – alphabetical listing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Table 1.1.7.1b — Centrifugal pump nomenclature – numerical listing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Table 1.2a — Principal symbols  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Table 1.2b — Subscripts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Table B.1 — Dimensions for type JM, alternating current, face-mounting, close-coupled pump motors 

(US customary units). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Table B.2 — Dimensions for type JP, alternating current, face-mounting, close-coupled pump motors 

(US customary units). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Table B.3 — Open drip-proof frame selections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Table B.4 — Standard dimensions for HI - NEMA type HP and HPH vertical solid-shaft motors 

(US customary units). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

Hydraulic Institute Standards, Copyright © 1997-2009, All Rights Reserved




