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HI Master Index for Complete Set: Version 3.2

ANSI/HI Pump Standards:
Version 3.2

Master Index for Complete Set

This index is not part of any standard, but is presented to help the user in considering factors beyond the standards.

Note: Bold numbers indicate the standard number, nonbold numbers indicate the page number;

an f. indicates a figure, a t. indicates a table.

Abbreviations and definitions, 50.7: 28
Abrasion—corrosion, defined, 12.1-12.6: 43
Abrasive fluids and residual mechanical unbalance of
rotating parts, 9.6.4: 17
Abrasive wear, defined, 12.1-12.6: 43
Absolute pressure, defined, 3.1-3.5: 20, 3.6: 3
Accelerating Deployment of ISO 15926 project, 50.7: 3
Acceleration head, 6.1-6.5: 31-34, 8.1-8.5: 14
air-operated pumps, 10.1-10.5: 9
Acceleration pressure, , 6.1-6.5: 31-34, 8.1-8.5: 14
Air-operated pumps, 10.1-10.5: 9-10
Accelerometers, 9.6.5: 12, 9.6.9: 12
Acceptance level
Level A, 3.6: 1, 8,16
Level B, 3.6: 8, 16, 17 f.
Accuracy and performance, defined, 7.1-7.5: 11
Accuracy, 9.6.5: 36, 9.6.9: 27
Alarm limits defined, 9.6.9: 5

50.7: 27
collection-container type, 50.7: 25, 27f., 29
content, 50.7: 23
core data type, 50.7: 24, 27 f., 29
core object type, 50.7: 24, 27 f., 29
document namespaces, 50.7: 26
equipment data foundation files, 50.7: 23
file folder structure, 50.7: 26
for equipment items, 50.7: 23, 24 f.
getting started with, 50.7: 23
namespaces, 50.7: 26, 30
prerequisites and tools, 50.7: 23
structural design, 50.7: 24, 25 f.
subject type, 50.7: 25, 27 f., 29
testing conformance to, 50.7: 21
use of namespaces, 50.7: 26, 27f., 30
versions and revisions system, 50.7: 25
where to find, 50.7: 23

leakage guidelines, 9.6.9: 11

power guidelines, 9.6.9: 6

rate-of-flow guidelines, 9.6.9: 13

speed (rpm) guidelines, 9.6.9: 14
temperature guidelines, 9.6.9: 9

vibration guidelines, 9.6.9: 13

Acidity, of water, 2.3: 79
Acoustic resonance, 9.6.6: 33

bulk/elastic modulus for typical materials, 9.6.6: 34

Affinity rules, 1.3: 69
Air chamber, 10.1-10.5: 2

Air consumption defined, 10.1-10.5: 10, 10.6: 6
measurement of, 10.6: 14

Air core vortex, defined, 9.8: 48

Air distribution system, 10.1-10.5: 2

Air entrainment, 4.1-4.6: 15, 22

Air gap, defined, 4.1-4.6: 8, 5.1-5.6: 14

Air release valves, 9.6.6: 32

Airborne sound instrumentation

bulk/elastic modulus of typical liquid, 9.6.6: 34
for rigid pipe and ambient water, 9.6.6: 34
half-wave resonance frequency, 9.6.6: 33
in pipe, 9.6.6: 34
reflection points, 9.6.6: 34
Acoustic sensors, in bearing wear monitoring, 9.6.5: 21
Acronyms, 9.6.6: 11
Active storage, defined, 9.8: 48
Actuating mechanism. See Valve gear
Adapters, 2.3: 64
Added mass, defined, 9.6.8: 58
Adhesive wear resistance of wrought materials, 9.1-9.5:
11t.
AEX XML Schema, 50.7: 1, 2, 29
and construction materials and properties, 50.7: 24
and W3C schema namespace declaration, 50.7: 26
and XPaths, 50.7: 28
and XSD file names and associated hamespaces,

acoustical calibration, 9.1-9.5: 28

octave-band analyzer, 9.1-9.5: 28

recorders, 9.1-9.5: 28

sound-level meter and microphone system, 9.1-9.5: 28

Airborne sound level test report, 9.1-9.5: 41 f.
Airborne sound readings

averaging, 9.1-9.5: 40
corrections for background noise, 9.1-9.5: 39 t.
corrections, 9.1-9.5: 39

Air-operated bellows pumps, 10.1-10.5: 1, 2 f.

bellows selection and materials, 10.1-10.5: 13
features, 10.1-10.5: 12

handling of harsh chemicals, 10.1-10.5: 12

handling of hot liquids, 10.1-10.5: 12

malfunction causes and remedies, 10.1-10.5: 20, 22 t.
typical services, 10.1-10.5: 11
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and rate of flow, 10.1-10.5: 13
diaphragm selection and materials, 10.1-10.5: 13
features, 10.1-10.5: 12
handling of hazardous liquids, 10.1-10.5: 11
liquids and slurries handled, 10.1-10.5: 11
malfunction causes and remedies, 10.1-10.5: 20, 21 t.
pump controls, 10.1-10.5: 13
pumping of dry powders, 10.1-10.5: 12
typical applications, 10.1-10.5: 11
Air-operated pump tests, 10.6: 1
types of, 10.6: 1
Air-operated pumps, 10.1-10.5: 1
duplex, 10.1-10.5: 2
nomenclature, 10.1-10.5: 2
simplex, 10.1-10.5: 2
types, 10.1-10.5: 1, 1 f.
Alarm limit, 9.6.5: 3
Alkalinity, of water, 2.3: 79
Allowable bearing housing vibration
at speeds above 600 rpm, 9.6.4: 7,8f.,9f.
at speeds of 600 rpm and below, 9.6.4: 10t.
pump types BB1, BB2, BB3, BB4, BB5, OH1, OH2,
OHS3, OH4, OH5, OH7, 9.6.4: 8f.
pump types VS1, VS2, VS3, VS4, VS5, VS6, VS7,
VS8, 9.6.4: 8f.
slurry pump types, 9.6.4; 9f.
solids-handling pump types, 9.6.4: 9f.
Allowable imbalance, 9.6.8: 32
Allowable operating range, defined, 12.1-12.6: 36
Allowable operating region (AOR), 9.6.3: 1
and bearing life, 9.6.3: 3
and dip (in head vs. rate-of-flow curve), 9.6.3: 6, 7 f.
and droop (in head vs. rate-of-flow curve), 9.6.3: 5,
6 f.
and factory test, 9.6.3: 2
and hydraulic loads, 9.6.3: 3
and internal mechanical contact, 9.6.3: 3
and liquid velocity, 9.6.3: 4
and noise, 9.6.3: 4
and NPSH margin, 9.6.3: 5,5f.
and power limit, 9.6.3: 4
and pump size, 9.6.3: 7
and service life, 9.6.3: 2
and shaft fatigue life, 9.6.3: 3
and shaft seal life, 9.6.3: 3
and suction recirculation, 9.6.3: 6, 8f.
and temperature rise, 9.6.3: 4
and thrust reversal, 9.6.3: 4
and vibration, 9.6.3: 4
defined, 9.6.3: 1
factors affecting, 9.6.3: 2
Allowable operating region defined, 1.1-1.2: 71, 2.1-2.2:
34
Alnico magnet, defined, 5.1-5.6: 17
Alnico, defined, 4.1-4.6: 9
Aluminum, 9.1-9.5: 21
alloy 319, 9.1-9.5: 21

alloy 355, 9.1-9.5: 21
alloy 356, 9.1-9.5: 21
alloy 7075 (Al-Zn-Mg-Cu-Cr), 9.1-9.5: 22
alloy ASTM B211, alloy 2011, 9.1-9.5: 22
alloy ASTM B211, alloy 6061, 9.1-9.5: 22
alloy B750, 9.1-9.5: 22
alloy C-355-T6, 9.1-9.5: 21
alloy TP-220-T4, 9.1-9.5: 21
aluminum copper (Al/Cu) SAE AA2017, 9.1-9.5: 22
compatibility with other materials, 9.1-9.5: 21
tenzalloy, 9.1-9.5; 22
American Bearing Manufacturers Association (ABMA),
5.1-5.6: 45
American National Standards Institute (ANSI), 5.1-5.6: 46
American Petroleum Institute, 5.1-5.6: 45
American Society for Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), 50.7: 3
American Society for Testing and Materials (ASTM), 5.1-
5.6: 46
American Society of Mechanical Engineers (ASME), 5.1-
5.6: 46
Amplification chart, 9.6.8: 85f.
Amplification factor, defined, 9.6.8: 58
Analyses beyond scope of document, 9.6.8: 7
Analysis complexity levels, 9.6.8: 28t.
Analysis level 3
elements, 9.6.8: 36
limitations, 9.6.8: 36
Analysis level definitions, 9.6.8: 33
level 1, 9.6.8: 33
level 2, 9.6.8: 34
level 3, 9.6.8: 36
Analysis levels introduction, 9.6.8:; 27
See also Levels of analysis
types, 9.6.8: 27
Analysis reporting format, 9.6.8: 92
Anchors, 9.6.6: 6, 7
final installation, 9.6.6: 7
true, 9.6.6: 23
Angular momentum, 1.3: 1
Annular seal, defined, 9.6.8: 58
ANSI/ASME B73.1 pumps, 9.6.2: 1
adjustment factor basis for temperature and material,
9.6.2: 8
adjustment factors for temperature and material, 9.6.2:
9, 9t., 10t.
adjustment of tabulated maximum forces and moments
load values, 9.6.2: 4
assessment of applied nozzle loads, 9.6.2: 4
definitions and coordinates, 9.6.2: 2f., 2
equation set 1 (individual loading), and maximum
forces and moments, 9.6.2: 4t., 5t.
equation set 2 (nozzle stress, hold-down bolt stress,
pumps slippage), and maximum forces and
moments, 9.6.2: 4t., 6t.
equation set 3 (y-axis movement), and maximum
forces and moments, 9.6.2: 4t., 6t.
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equation set 4 (z-axis movement), and maximum
forces and moments, 9.6.2: 4t., 7t.

equation sets for applied loads, 9.6.2: 4t.

example assessment of applied nozzle loads (1.5%1-8
CF8M Type 316 pump, Class 150 flanges, at 100
°F), 9.6.2: 23

example assessment of applied nozzle loads (3x1.5-
13 Alloy 20 pump, Class 300 flanges, at 400 °F),
9.6.2: 26

Groups 1, 2, and 3, defined, 9.6.2: 2

loads for combined forces and/or moments, 9.6.2: 4,
6t., 7t.

loads for individual force or moment, 9.6.2: 4, 5t.

material specifications, 9.6.2: 9t.

ANSI/ASME B73.1 Specification for Horizontal End

Suction Centrifugal Pumps for Chemical Process,
50.7:1,3,8

ANSI/ASME B73.2 pumps, 9.6.2: 1, 10

adjustment factor basis, 9.6.2: 13

assessment of applied nozzle loads, 9.6.2; 12, 12t.

criteria for loading allowances, 9.6.2: 11

equation set 6 (criteria for applied loads), 9.6.2: 12t.

example assessment of applied nozzle loads
(4030/28 Alloy 20 pump, Class 300 flanges, at
400 °F), 9.6.2: 32

example assessment of applied nozzle loads (Size
2015/17 CF8M Type 316 pump, Class 150
flanges, at 100 °F), 9.6.2: 31

flange stress, 9.6.2: 11

list of material specifications, 9.6.2: 13t.

maximum axial force, 9.6.2: 11

maximum bending moments, 9.6.2: 11

maximum forces and moments to assess applied
loads, 9.6.2: 12t.

maximum shear force, 11 maximum torsional

moments, 9.6.2: 11

nomenclature, definitions, and coordinates, 9.6.2: 10,
11f,

pressure, 9.6.2: 11

temperature and material adjustment factors, 9.6.2:
13, 14t.

temperature, 9.6.2: 11

ANSI/ASME B73.2 Specification for Vertical In-Line

Centrifugal Pumps for Chemical Process, 50.7: 1, 3, 8

ANSI/ASME B73.3 pumps, 9.6.2: 1

adjustment factor basis for temperature and material,
9.6.2: 8

adjustment factors for temperature and material, 9.6.2:

9, 9t., 10t.
assessment of applied nozzle loads, 9.6.2: 7
definitions and coordinates, 9.6.2: 2f., 2
Groups 1, 2, and 3, defined, 9.6.2: 2
material specifications, 9.6.2: 9t.
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assessment of applied loads, 9.6.2: 16, 17t.
assessment of applied nozzle loads, 9.6.2; 7
assumed effect of nozzle loading, 9.6.2: 16

Axial split case single- and two-stage pumps, 9.6.2: 1

casing hold-down bolts, 9.6.2: 16

criteria for loading allowances, 9.6.2: 15

definitions and coordinates, 9.6.2: 2f., 2

example assessment of applied nozzle loads (1.5%1-8,
modulus of elasticity > 1.0 x 106, at 110 °F), 9.6.2:
28

Groups 1, 2, and 3, defined, 9.6.2: 2

limiting factors, 9.6.2: 15

maximum allowable tensile stress, 9.6.2: 16

maximum forces and moments to assess applied loads
based on hold-down bolts, 9.6.2: 17t.

maximum forces and moments to assess applied loads

based on nozzle stress, 9.6.2: 17t.
nomenclature, definitions, and coordinates, 9.6.2:
14, 15f.

radial movement of pump shaft at coupling hub, 9.6.2:

15
scope (single-stage double suction and two-stage
single suction), 9.6.2: 14
ANSI/HI 1.6 Centrifugal Pump Tests, 14.6: 1
ANSI/HI 11.6 Submersible Pump Tests,14.6: 1
ANSI/HI 2.6 Vertical Pump Tests, 14.6: 1
ANSI/HI 4.1-4.6 Sealless, Magnetically Driven Rotary
Pumps for Nomenclature, Definitions, Application,
Operation, and Test, 14.6: 1
ANSI/HI 9.6.7
differences between 2010 and 2004 versions, 9.6.7:
1,2
ANSI/IEEE standards, 5.1-5.6: 46
Anti-reverse rotation devices, 2.3: 27
Anti-rotation baffles defined, 9.8: 48
and rectangular wet wells, 9.8: 32
and trench-type wet wells, 9.8: 26f., 27
API 610 Standard for Centrifugal Pumps for Petroleum,

Petrochemical and Natural Gas Industries, 50.7: 1, 3, 8

additional data to support data sheet, 50.7: 14
and HI-EDE implementation, 50.7:; 20
data sheet, 50.7: 8, 9 f.
See also R/D/S/A compliance

API Plan 02, 12.1-12.6: 81

API Plan 11, 12.1-12.6: 81

API Plan 32, 12.1-12.6: 81

API Plan 52, 12.1-12.6: 82

API Plan 53, 12.1-12.6: 82

API Plan 54, 12.1-12.6: 82

API Plan 62, 12.1-12.6: 82

API Standard 610 (impellers), 1.3: 35
Applications, 1.3: 113
booster service, 1.3: 114

ANSI/ASME B73.5M pumps, 9.6.2: 1
ANSI/ASME B73.5M pumps, 9.6.2: 1
adjustment for mounting other than fully grouted metal
baseplate with anchor bolts, 9.6.2: 7
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two-phase pumping (liquid and gas), 1.3: 122, 122f,,
123f., 124f., 125f.
type OH pumps as self-priming pumps, 1.3: 120
Apparent viscosity, 6.1-6.5: 34
Apparent viscosity, defined, 3.1-3.5: 38, 12.1-12.6: 39
Appeals, 40.7: 8
Application considerations, 4.1-4.6: 13
bearings, 4.1-4.6: 17
containment shell thickness and materials, 4.1-4.6: 17
coupling selection, 4.1-4.6: 13
entrained air or gas, 4.1-4.6: 15
high viscosity, 4.1-4.6: 14
liquid classification, 4.1-4.6: 16
liquid properties, 4.1-4.6: 14
liquid vapor pressure, 4.1-4.6: 15
low viscosity, 4.1-4.6: 15
lubricating liquid, 4.1-4.6: 16
magnets, 4.1-4.6: 13, 17
materials, 4.1-4.6: 17
mechanical safety, 4.1-4.6: 18
monitoring devices, 4.1-4.6: 18
nonlubricating liquid, 4.1-4.6: 16
off-design rating procedures, 4.1-4.6: 16
particles, 4.1-4.6: 15
pump, 4.1-4.6: 17
safety, 4.1-4.6: 17
shear sensitivity, 4.1-4.6: 16
specific gravity, 4.1-4.6: 15
specific heat, 4.1-4.6: 15
stripping applications, 4.1-4.6: 16
temperature, 4.1-4.6: 14
variable viscosity, 4.1-4.6: 15
viscosity, 4.1-4.6: 14
Application data requirements, 7.1-7.5: 19, 8.1-8.5: 13
Application guidelines, 5.1-5.6: 27-32
advantages of sealless pumps, 5.1-5.6: 28
canned motor or magnet component temperature, 5.1-
5.6: 32
circulation piping plan selection, 5.1-5.6: 28, 29
containment expectations, 5.1-5.6: 28
limitations of sealless pumps, 5.1-5.6: 28
pump selection, 5.1-5.6: 30
safety considerations, 5.1-5.6: 28
See also Design
unit design selection, 5.1-5.6: 28
Applications, 12.1-12.6: 44
handling of hazardous liquids, 10.1-10.5: 11
handling of hot liquids, 10.1-10.5: 12
liquids and slurries handled, 10.1-10.5: 11
pumping of dry powders, 10.1-10.5: 12
typical services, 10.1-10.5: 11
Approach channel, defined, 9.8: 48
Approach flow patterns
at various intakes, and effects on velocity, 9.8: 62f.
for various combinations of pumps, 9.8: 63f.
remedial measures for, 9.8: 60, 62f., 63f., 64f., 65f.
with multiple pumps in open and partitioned sumps,

4 Hydraulic Institute Standards, Copyright © 1997-2015, All Rights Reserved

ulic Institute

9.8: 64f.
Approval process
applicable standards, 40.7: 3
application approved, 40.7: 3
application for approval, 40.7: 3
application rejected, 40.7: 3
approval decision, 40.7: 5
approval denied, 40.7: 5
approval granted upon remedy of nonconformities,
40.7: 5
audit flowchart, 40.7: 17 f.
confidentiality, 40.7: 4
demonstrations of pump testing procedures, 40.7: 5
documents needed for audit, 40.7: 16
general, 40.7: 3
languages used, 40.7: 4
on-site assessment, 40.7: 4
opening meeting, 40.7: 4
records review, 40.7: 5
renewal of approval, 40.7: 6
role of Auditor, 40.7: 4
staff interviews, 40.7: 5
ASME B73 (baseplates), 1.3: 101, 101f.
ASME B73.1 (impellers), 1.3: 35
ASME/ANSI B73.1
Association for Manufacturing Technology (AMT), 5.1-5.6:
46
ASTM standards, 5.1-5.6: 46
Asynchronous, defined, 9.6.8: 58
ATEX Certification, 1.4: 8, 2.4: 8
Atmospheric head (ham), 1.1-1.2: 70
Audit flowchart, 40.7: 17 f.
Audit requirements changes to, 40.7: 7 t.
Auditor, defined, 40.7: 1
Austenitic stainless steels, 12.1-12.6: 65
Automatically controlled, defined, 7.1-7.5: 8
Auxiliary drive (steam) valve, 8.1-8.5: 6
Auxiliary piping, 5.1-5.6: 26
Average particle size (d50), 12.1-12.6: 40 f.
defined, 12.1-12.6: 39
Axial flow (propeller) pump, defined, 9.8: 48
Axial flow impeller, 2.1-2.2: 19,2.3:6,6f.,9
Axial flow pumps, 1.1-1.2: 10 f,, 11, 11 f.
Axial load, 1.3: 34, 5.1-5.6: 14
Axial piston pumps, 3.1-3.5: 1f.,3t.,4t,5f,6f,15f.
description, 3.1-3.5: 7
fixed displacement type, 3.1-3.5: 8
range chart, 3.1-3.5: 8.
variable displacement type, 3.1-3.5: 8
Axial thrust
calculating by manufacturer’s thrust factor method, 2.3:
14
calculating for impellers with back rings (at BEP), 2.3:
13
calculating for impellers with no back rings (at BEP),
2.3:11, 12 f.
calculating, 2.3: 9
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calculation for axial flow pump impellers, 1.3: 31

calculation for enclosed impeller with plain back
shroud, 1.3: 23f., 23, 26

calculation for impeller with back ring, 1.3: 25f., 25, 27

calculation for impellers, 1.3: 21

calculation for semi-open impellers, 1.3: 29, 29f.

calculation of axial force due to momentum change,
1.3:31

on enclosed impellers, 1.3: 21, 21f.

shaft upthrust force from enclosed suction can pumps,
2.3:10f.,10

shaft upthrust force from shaft sleeves through
packing or mechanical seals, 2.3: 10, 11 f.

shaft upthrust force from shaft sleeves through

pressure breakdown bushings, 2.3: 10, 11 f.

static component of, 2.3: 10

terminology, 2.3: 8

versus rate of flow, 2.3: 14, 15f.

Axial thrust factor (Ka), 1.3: 22, 22f.
Axial thrust, 2.3: 8, 9 f.

B parameter
and preliminary selection of rotodynamic pump, 9.6.7:
15
calculating based on best efficiency flow, 9.6.7: 8
calculation example (metric units), 9.6.7: 10
calculation example (US customary units), 9.6.7: 13
b2. See Impeller width at discharge (b2)
Barrier fluid, 1.3: 63
Back pull-out assembly, defined, 1.1-1.2: 42, 43 1.
Backpressure valve, 7.1-7.5: 21
Backwall clearance defined, 9.8: 49
remedial measures for, 9.8: 72
Backwall splitter, defined, 9.8: 49
Backwall, defined, 9.8: 48
Baffles
anti-rotation baffle between end pump and backwall in
performance enhancement of trench-type wet
wells, 9.8: 26f., 86f., 87
defined, 9.8: 49
inlet baffles in performance enhancement of trench-
" type wet wells, 9.8: 85, 85f.
- See also Anti-rotation baffles
to improve flow pattern downstream from dual flow
' screen, 9.8: 67f.
Balance machines, 9.6.4: 13
“ calibration, 9.6.4: 13
“weight rating, 9.6.4: 14
Balancing
and inherent balance, 9.6.4: 15
and keys and keyways in balancing arbors, 9.6.4: 16
and removal or addition of material, 9.6.4: 17
and runout in balancer drive or balancing arbor, 9.6.4:
15
excessive looseness between impeller hub and
balancing arbor, 9.6.4: 16
Ball check valves, 10.1-10.5: 4 f.
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Bare rotor
defined, 1.1-1.2: 43
terms, 1.1-1.2: 41
Barometric pressure, 6.1-6.5: 28t., 28
Barometric pressure, 8.1-8.5: 11
and altitude, 8.1-8.5: 11, 12t.
Barrel design. See Pump type BB4
Barrel or can (line shaft) pumps, 2.1-2.2: 11
Barrel suction, defined, 9.8: 49
Barrier fluid flow leakage monitoring, 9.6.9: 10, 10t.
Barrier fluid, defined, 12.1-12.6: 38
Baseline measurements, 9.6.5: 2
Baseline, 9.6.5: 36, 9.6.9: 27
Baseplates, 1.3: 94
selection parameters, 1.3: 95t.
alignment blocks or guides for thermal expansion of
the pump case, 1.3: 108
coupling alignment, 1.3: 107
drip rims, 1.3: 108
epoxy grouting, 1.3: 108
fasteners, 1.3: 108
formed polymer, 1.3: 102, 103f.
freestanding, 1.3: 99, 100f.
functional requirements, 1.3: 95, 95t.
grout holes, 1.3: 109
grouted, 1.3: 97, 97f., 98f.
jacking pads and screws, 1.3: 108
leveling screws, 1.3: 108
lifting requirements, 1.3: 108
nongrout, 1.3: 97, 98f.
offshore skid type, 1.3: 104, 105f.
oil pipeline skid type, 1.3: 104, 105f.
pedestal, 1.3: 103, 104f.
polymer, 1.3: 102
pregrouted, 1.3: 98, 99f.
shims and fasteners, 1.3: 108
slide-bearing, 1.3: 100, 100f.
sloped deck plates, 1.3: 108
soleplates, 1.3: 99, 100f.
solid polymer concrete, 1.3: 103, 103f.
standards, 1.3: 101, 101f., 102f.
stress and rigidity requirements, 1.3: 107
three-point mount, 1.3:; 106, 106f.
tolerancing, 1.3: 107
types, 1.3: 96
Bays
and adequate width (rectangular intakes for clear
liquids), 9.8: 3
defined, 9.8: 49
flow-guiding devices at entrance to, 9.8: 65, 65f.
narrow widths, remedial measures for, 9.8: 72
trash racks and effect on velocity distribution entering
pump bay, 9.8: 64f.
BB1-BB5. See Pump type BB1-Pump type BB5S
Bearing arrangements, 1.3: 31
Bearing bushings, 2.3: 16
in adapters, 2.3: 64
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intermediate, 2.3: 64
losses due to viscosity, 2.3: 50

Bearing housing, 2.3: 64, 73

and temperature monitoring, 9.6.9: 7
and vibration monitoring, 9.6.9: 12

Bearing housing closures, 2.3: 26
Bearing housings

acceleration in vibration monitoring, 9.6.5: 12
Bearing wear monitoring, 9.6.5: 20

by acoustic sensors, 9.6.5: 21

by contact or continuity switches, 9.6.5: 21
by power monitors, 9.6.5: 21

by proximity sensing devices, 9.6.5: 20

by temperature probes, 9.6.5: 21

by vibration sensors, 9.6.5: 21

carbon bearings, 9.6.5: 20

component contact detection, 9.6.5: 20
control limits, 9.6.5: 21

detection methods, 9.6.5: 20

of plain bearings in sealless pumps, 9.6.5: 20
progressive monitoring, 9.6.5: 20

silicon carbide bearings, 9.6.5: 20

vibration control limits, 9.6.5: 13

vibration monitoring, 9.6.5: 12,13

Bearing isolators, 2.3: 26

Bearing materials, 4.1-4.6: 17

Bearing whip, defined, 9.6.8: 58

Bearing whirl, defined, 9.6.8: 58

Bearing, defined, 3.1-3.5: 18, 12.1-12.6: 36

external (MDPs), 5.1-5.6: 23

failure mode indicated by temperature monitoring,
9.6.9: 7

failure mode indicated by vibration monitoring, 9.6.9:
12

friction losses due to viscosity, 2.3: 50

hydrodynamic radial, 9.6.9: 7

internal, 5.1-5.6: 22

liquid film, temperature monitoring, 9.6.5: 6

lubrication of, 5.1-5.6: 19, 25

lubrication, 2.3: 19

outboard (antifriction), 2.3: 73

outboard, 2.3: 64

retainer, 2.3: 64

rolling element bearing failure, 9.6.9: 5, 15t.

rolling element defects, 9.6.9: 12

rolling element temperature monitoring, 9.6.9: 7

rolling element, defects in vibration monitoring, 9.6.5:

12
sleeve bearing failure, 9.6.9: 5
sleeve bearing temperature monitoring, 9.6.9: 7
spacing, 2.3: 19
thrust, 9.6.9: 7

Bearings, 1.3: 43, 12.1-12.6: 67

6

adjusted rating life, Lna, 1.3: 47, 50, 50t.
air entrainment in lubricants, 1.3: 56
and contact seals, 12.1-12.6: 67

and labyrinth seals, 12.1-12.6: 67, 68 f.

and lip seals, 12.1-12.6: 67, 67 f.
axial adjustment of housing, 12.1-12.6: 90
axial load, Fa, 1.3: 47
ball bearings, 1.3: 46f.
basic dynamic radial load rating, Cr, 1.3: 47
basic rating life, L10, 1.3: 47, 49
Best efficiency point (BEP), 12.1-12.6: 61, 62 t.
contamination factor, nc, 1.3: 51, 52t.
contamination prevention in lubricants, 1.3: 56
cylindrical-type radial journal (sleeve) bearings, 1.3:
45f,
degradation improvement in lubricants, 1.3: 57
dynamic equivalent radial load, Pr, 1.3: 47
factors, 1.3: 48
fatigue life, 12.1-12.6: 67, 69 t.
fatigue limit load, Cu, 1.3: 51
grease lubrication, 1.3: 53
heat and oil oxidation, 1.3: 56
heat stabilization temperature, 1.3: 53
high level of lubricant, 1.3: 55
isolators, 12.1-12.6: 67, 68 f.
life (horizontal pumps), 1.3: 46
life modification factor, axyz, 1.3: 49
life, 1.3: 48
low level of lubricant, 1.3: 55
lubrication methods, 1.3: 43
lubrication, 1.3: 53
material adjustment factor, a2, 1.3: 48
minimum load, 1.3: 46
modified rating life, Lnm, 1.3: 48, 50
moisture elimination in lubricants, 1.3: 57
oil lubrication, 1.3: 54
operating conditions adjustment factor, a3, 1.3: 48
particle contamination of lubricants, 1.3: 56
pivot-shoe thrust bearings, 1.3: 45, 45f.
product lubrication, 1.3: 55
quality of lubrication, 1.3: 55
quality of oil, 1.3: 55
guantity improvement of lubricants, 1.3: 56
radial load, Fr, 1.3: 47
reliability adjustment factor, al, 1.3: 48
reliability, 1.3: 47
roller bearings, 1.3: 46f.
rolling element bearings, 1.3: 44, 44t.
sleeve bearings, 1.3: 44, 45f.
temperature, 1.3: 53
type BB4 multistage radial split single casing pump,
1.3: 46f.
water contamination of lubricants, 1.3: 56
Bell inlet velocity, defined, 9.8: 40
Bell, defined, 9.8: 49
Bellows assembly
bellows, 10.1-10.5: 3
connecting rods, 10.1-10.5: 3
end caps, 10.1-10.5: 3
Benching, defined, 9.8: 49
BEP rate of flow [Qopt], defined, 1.1-1.2: 68, 2.1-2.2: 30
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BEP. See Best efficiency point, 9.6.3: 1

Best efficiency point (BEP) , 1.3: 1, 15
axial load for multistage pumps, 1.3: 34
Defined, 1.1-1.2: 71, 2.1-2.2: 34, 2.3: 41, 9.6.8: 58,

11.6:5

operation above, 2.3: 41
operation below, 2.3: 41

Best efficiency point (BEP), and NPSH margin, 9.6.1: 4,
A4f,

Between-bearings (BB) type, 1.3: 1, 33, 33f., 110, 112f.
double suction pumps, 1.3: 33, 34f.
multistage pumps, 1.3: 34, 34f.
operation away from, 1.3: 71
radial load for multistage pumps, 1.3: 34
shaft support for multistage pumps, 1.3: 34

Between bearings, multistage, axially split pump, 2.1-2.2:
31f.

Between bearings, multistage, radially split, double casing
pump, 1.1-1.2: 33 f.

Between bearings, multistage, radially split, single casing
pump, 1.1-1.2: 32 f.

Between bearings, single stage, axially split pump, 1.1-1.2:

29 f.
Between bearings, single stage, radially split pump, 1.1-
1.2:30f.

Between-bearing impeller pumps icons, 1.1-1.2; 78 f.—79 f.

Between-bearing pump defined, 9.6.8: 27
Body, defined, 3.1-3.5: 17
Bolted couplings, 2.3: 29
Bolt-proof load, defined, 5.1-5.6: 18
Bowl assembly efficiency, defined, 2.1-2.2: 37
Bowl assembly input power, defined, 2.1-2.2: 36
Bowl assembly total head, defined, 2.1-2.2: 33
Bowl efficiency
and losses due to viscosity, 2.3: 50
Brake horsepower. See Pump input power
Breakaway torque, defined, 3.1-3.5: 24
Bromobutyl, 12.1-12.6: 66
Bubble test, 4.1-4.6: 26
Buffer fluid, 1.3: 63, 12.1-12.6: 77
defined, 12.1-12.6: 38
Building services (HVAC), 9.6.1: 11
Bull ring packing, 6.1-6.5: 77f., 77
Butyl, 12.1-12.6: 66
Bypass valves, 9.6.9: 8
Calculations, submersible pump tests
of NPSHA on dry-pit pump, 11.6: 48
of NPSHA on wet-pit pump, 11.6: 47
of performance based on change in pump impeller
diameter, 11.6: 46
of performance based on change in pump speed,
11.6: 45
of performance tolerance bands for pump acceptance
according to grade 1E and 2B, 11.6: 49
calculations, viscosity correction9.6.7: 3-18
and mechanical considerations, 9.6.7: 26
and pump design effects, 9.6.7;: 25

HI Master Index for Complete Set: Version 3.2

and sealing issues, 9.6.7: 26
and sealless pumps, 9.6.7: 26
determining pump performance on viscous liquid when
performance on water is known, 9.6.7: 6f.
establishing if procedure is applicable, 9.6.7: 5f.
limitations, 9.6.7: 1, 4, 25
overview, 9.6.7: 5, 5f., 6f., 7f.
selecting pump for given head, rate of flow, and
viscous conditions, 9.6.7: 7f.
Calibration column, 7.1-7.5: 21
Cambell diagram for variable frequency unit, 9.6.8: 85f.
Campbell diagram, 9.6.8: 30, 33
defined, 9.6.8: 58
for lateral critical speeds, 9.6.8: 31f.
for torsional critical speeds, 9.6.8: 34f.
Can pump, defined, 9.8: 17
Can vertical turbine pump intakes (clear liquids), 9.8: 17
can pump, defined, 9.8: 17
closed bottom, 9.8: 18, 19, 21f.
design considerations, 9.8: 19
open bottom, 9.8: 18, 19, 20f.
Canned motor pumps (CMPs), 5.1-5.6: 1, 2f., 14
and motor temperature, 5.1-5.6: 32
close-coupled, in-line, 5.1-5.6: 1, 5f.
defined, 5.1-5.6: 16
definitions (terminology), 5.1-5.6: 16
driver sizing, 5.1-5.6: 30
horizontal mounting base, 5.1-5.6: 25
maintenance of canned motor, 5.1-5.6: 42
motor insulation temperature limits, 5.1-5.6: 32
secondary leakage containment, 5.1-5.6: 20, 21
separated pump and motor, 5.1-5.6: 2, 6f.
submerged mounting, 5.1-5.6: 26
unit location and foundation, 5.1-5.6: 39
vertical submerged, 5.1-5.6: 2, 7f.
Cantilever shaft design sump pump (VS5), 2.1-2.2: 10f.
Cantilevered wet pit, defined, 12.1-12.6: 4
Canvas packing, 8.1-8.5: 20
Capacity
actual rate of flow (QR), defined, 7.1-7.5: 11
adjustment, defined, 7.1-7.5: 11
design rate of flow (QD), defined, 7.1-7.5: 11
rate of flow (Q), defined, 7.1-7.5: 11
Carboxylated nitrile, 12.1-12.6: 66
Casing position, 1.1-1.2: 44, 44 f.
Casings, 1.3:1, 7, 2.3: 65, 73, 5.1-5.6: 21
multistage arrangements, 1.3: 8
back-to-back arrangement, 1.3: 11, 11f.
circular (concentric), 1.3: 8, 8f.
diffuser, 1.3: 8, 8f.
double volute, 1.3: 7, 7f.
single volute, 1.3: 7, 7f.
stacked in-line arrangement, 1.3: 10, 10f.
type BB3 between-bearings axial split volute, 1.3: 9, 9f.
type BB4 between-bearings radial split single, 1.3: 9,
of.
type BB5 between-bearings radial split double
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(diffusers), 1.3: 10
type BB5 between-bearings radial split double (volute
pumps), 1.3: 10, 10f.
Catch tank leakage monitoring, 9.6.9: 10, 10t.
Cause, defined, 9.6.5: 36, 9.6.9: 27
Cavitation, 3.1-3.5: 43
damage from, 9.6.1: 10
defined, 9.8: 49, 10.1-10.5: 7, 10.6: 6
in centrifugal pumps, 9.6.1; 13
Cavitation erosion resistance, 9.1-9.5: 26
elastomers, 9.1-9.5: 27
engineered plastics, 9.1-9.5: 27
general ranking of common cast metals, 9.1-9.5: 27 f.
general ranking of, 9.1-9.5: 26
hard-faced materials, 9.1-9.5: 27
Cell, defined, 9.8: 49
Centipoises, 3.1-3.5: 38
Centistokes, 3.1-3.5: 38,9.6.7: 31
Ceramics, 4.1-4.6: 9
defined, 5.1-5.6: 15
coating application, 9.1-9.5: 25
properties, 9.1-9.5: 25
Certificate of Approval, 40.7: 12
example, 40.7: 12f.
Certification section, 1.4: 39, 2.4: 43
purpose, 2.4: 43
Certified curve, 6.6: 18
CFD. See Computational fluid dynamics
C-frame adapter, 1.1-1.2: 46 f., 46
See also Overhung impeller, flexibly coupled, single
stage, foot mounted ANSI B73.1 pump
Changes to scope of approval and additional pump test
laboratories, 40.7: 6
Character string fields, 50.7: 12
Check valve, defined
Check valves, 7.1-7.5: 10, 9.6.6: 29, 9.8: 49,
10.1-10.5: 4, 4 f.
foot valves, 9.6.6: 29, 29 f.
Checklist to facilitate use of guideline, 9.6.8: 5f.
Chemical packings, 8.1-8.5: 20
Chemical process pumps, 9.6.1: 8
Chlorides (in water), 2.3: 79
Chlorobutyl, 12.1-12.6: 66
Choice of driver, 7.1-7.5: 20
Chromium-molybdenum iron, 12.1-12.6: 65
Chromium-nickel iron, 12.1-12.6: 65
CIMA. See Construction Industry Manufacturers
Association
Circular plan wet pit (solids-bearing liquids), 9.8: 28
accessories, limitation of, 9.8: 28
cleaning procedure and low liquid level, 9.8: 28, 37f.
design, 9.8: 28, 29f., 30f.
floor clearance, 9.8: 28
Circular pump stations (clear liquids), 9.8: 9, 11f.
dimensioning recommendations, 9.8: 12
duplex, 9.8: 9
floor clearance, 9.8: 12

8 Hydraulic Institute Standards, Copyright © 1997-2015, All Rights Reserved

inflow pipe, 9.8: 12
inlet bell clearance, 9.8: 12
inlet bell or volute diameter, 9.8: 12
sump diameter, 9.8: 12
triplex, 9.8: 9
wall clearance, 9.8: 12
Circular well, defined, 9.8: 49
Circulating/cooling water pumps, 9.6.1: 9
Circulation piping plan selection, 5.1-5.6: 25, 28, 29, 33f.—
37f.
Circulator pump type icons, 1.1-1.2: 81
Circumferential piston pumps, 3.1-3.5: 1f,3t.,41t.,5f,6
f, 15f.
description, 3.1-3.5: 12
range chart, 3.1-3.5: 12 f.
Classic instability, defined, 9.6.8: 58
Classification by configuration '
discharge, above- and below-floor discharge, 2.1-2. 2
11 :
drivers, 2.1-2.2: 11
Classification by impeller design, 2.1-2.2: 16
Clean liquids, 5.1-5.6: 29
circulation piping plan selection, 5.1-5.6: 33f., 36f.,
37f.
Cleaning applications, 12.1-12.6: 45
Clockwise, determination of, 3.1-3.5: 19
Close coupled, defined, 4.1-4.6: 6, 5.1-5.6: 14
Close-coupled horizontal in-line, 1.1-1.2: 39 f.
Close-coupled pumps, 1.1-1.2: 1
Close-coupled sealless with canned motor, 1.1-1.2: 38 f.
Close-coupled, vane-type, magnetic drive pumps, 4.1-4.6:
1,2f
CMP. See Canned motor pump
Coatings, 9.1-9.5: 22
Coercive force, defined, 4.1-4.6: 6
Cold spring, 9.6.6: 7
Colloidal liquids, defined, 10.1-10.5: 11
Color (in water), 2.3: 79
Column hydraulic loss due to viscosity, 2.3: 50
Column increasers and reducers losses due to viscosity,
2.3: 50
Columns, 2.3: 65, 73
Commissioning, 12.1-12.6: 89
Commissioning, start-up, operation, and shut-down
section, 1.4: 27, 2.4: 29
across-the-line start, 2.4: 33
adequate submergence, 2.4: 30
anti-reverse rotation devices, 2.4: 29
back-flushing to remove debris, 2.4: 30
bearing temperature, 1.4: 31, 2.4: 36
closed valve warning, 2.4: 33
condition monitoring, 1.4: 30, 2.4: 35
drive system settings, 1.4: 29, 2.4: 33
driver inspection, 1.4: 29
guarding, 1.4: 27, 2.4: 30
hydraulic resonance in piping, 1.4: 31, 2.4: 36
hydraulic resonance in piping, solutions, 1.4: 31,
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2.4: 36
lube filtration, 2.4: 33
lubrication system settings, 1.4: 29, 2.4: 32
lubrication, 1.4: 27, 2.4: 29
mechanical seals, 1.4: 28, 2.4: 31
minimum continuous flow, 1.4: 29, 2.4: 32
minimum thermal flow, 1.4: 29, 2.4: 32
noise in pumping machinery, 1.4: 30, 2.4: 35
noise prevention, 1.4: 31, 2.4: 35
noise transmittal methods, 1.4: 30, 2.4: 35
operation at reduced flow, 2.4: 35
packed stuffing box, 1.4: 28, 2.4: 31
parallel and series operation, 1.4: 30, 2.4: 34
performance testing/verification, 1.4: 31, 2.4: 36
position of discharge valve on starting, 1.4: 29
primary and secondary drivers, 1.4: 29, 2.4: 32
priming and filling, 1.4: 27
priming by ejector or exhauster, 1.4: 27, 2.4: 30
priming by vacuum pumps, 1.4: 28, 2.4: 31
pump bearings, 2.4; 32
reduced flow/minimum flow discharge bypass, 1.4: 30
reduced voltage start, 2.4: 33
rotation, 1.4: 27, 2.4: 29
shaft sealing settings and adjustments, 1.4: 28,
2.4:31
start-up considerations, 1.4: 27, 2.4: 30
start-up, operation, and shut-down, 1.4: 29, 2.4: 32
system flushing, 1.4: 27, 2.4: 30
valve setting at start-up, 1.4: 29, 2.4: 34
valve settings and operation, 1.4: 29, 2.4: 33
vent line, 2.4: 30
vibration (alarms and trip points), 1.4: 30, 2.4: 35
water (hydraulic) hammer, 1.4: 30, 2.4: 34
Common polymer materials of construction for various
liquids
adhesives and sealants, 9.1-9.5: 26
carbon and graphite, 9.1-9.5: 26
ceramics, 9.1-9.5: 25
elastomeric polymers, 9.1-9.5: 24
fabrics, 9.1-9.5: 26
leather, 9.1-9.5: 26
other nonmetals, 9.1-9.5: 25
reinforced fibers, 9.1-9.5: 26
rigid polymers and composites, 9.1-9.5:; 24
tensile strength and modulus of elasticity, 9.1-9.5: 24
thermoplastics, 9.1-9.5: 25
thermosetting polymers, 9.1-9.5: 24
types, 9.1-9.5: 24
Compliance levels, 50.7: 1, 11, 16, 17 t.
R compliance, 50.7: 15, 17t.
R/D compliance, 50.7: 15, 17 t.
R/D/S compliance, 50.7: 15, 17t.
R/D/S/A compliance, 50.7: 16, 17t.
relationship among, 50.7: 16, 16f.
Compressed gas (caution), 5.1-5.6: 49
Compressed-air properties definitions, 10.1-10.5: 10
Computational fluid dynamics (CFD), 9.8: 45

HI Master Index for Complete Set: Version 3.2

acceptable uses of, 9.8: 48
correlation of simulation and experimental results, 9.8:
48
simulation methods, 9.8: 48
Computational fluid dynamics, defined, 9.8: 49
Computer discs and tape, cautions regarding, 4.1-4.6: 22,
5.1-5.6: 38
Concentration correction factor, 12.1-12.6: 51
defined, 12.1-12.6: 43
Concentration of solids by mass or weight, defined, 12.1-
12.6: 41
Concentration of solids by volume, defined, 12.1-12.6: 41
Condensate pumps, 9.6.1: 9
Condensation, defined, 10.1-10.5: 10
Condition monitoring, 9.6.5: 1, 9.6.9: 27
and severity and types of consequences, 9.6.5: 2
baseline measurements, 9.6.5: 2
bearing wear (plain bearings in sealless pumps), 9.6.5:
20
comparing indicators to baseline measurements, 9.6.5:
2
corrosion, 9.6.5: 7
defined, 9.6.5: 1, 36
design review, 9.6.5: 22
failure modes (with causes and indicators), 9.6.5: 1,
25t.,9.6.9: 15t.
frequency, 9.6.5: 2, 3t.
indicators (with causes and failure modes), 9.6.5: 1,
31t.,9.6.9: 23t
leakage, 9.6.5: 9
maintenance inspection, 9.6.5: 17
periodic lubricant analysis, 9.6.5: 13
power, 9.6.5: 4
preinstallation hydrostatic test, 9.6.5: 21
pressure, 9.6.5: 11
pump sound, changes in, 9.6.5: 1
rate of flow, 9.6.5: 16
severity levels, 9.6.5: 2, 2t.
shaft position, 9.6.5: 15
speed (rpm), 9.6.5: 19
temperature, 9.6.5: 5
vibration, 9.6.5: 12
Condition points, 1.1-1.2: 70, 2.1-2.2: 34, 12.1-12.6: 35
Cone, defined, 9.8: 49
Confidentiality, 40.7: 4
Connecting piping, 12.1-12.6: 89
Consequences, 9.6.5: 2
Considerations in the specification of dynamic analysis,
9.6.8: 16
market influences and trends considerations, 9.6.8: 16
pump and system configuration proven field ‘
experience, 9.6.8: 16
Constant-speed systems, 9.6.9: 14
Construction characteristics, 7.1-7.5: 1
Construction drawings, 12.1-12.6: 4, 5 f.—20 f.
Construction Industry Manufacturers Association (CIMA),
1.3:120
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Contact or continuity switches, 9.6.5: 21
Containment definitions (terminology), 5.1-5.6: 18
Containment device, 5.1-5.6: 1
Containment of liquid, 14.6: 34
Containment shell, 4.1-4.6: 13, 5.1-5.6: 14,9.6.9: 8
airin, 4.1-4.6: 23
defined, 4.1-4.6: 7, 5.1-5.6: 18
design pressure ratings, 5.1-5.6: 21
design, 5.1-5.6: 20
draining, 4.1-4.6: 24
secondary, 5.1-5.6: 20
thickness and materials, 4.1-4.6: 17
Continuous service, 2.3: 39
Contractors Pump Bureau (CPB), 1.3: 120
Contractual agreement(s), 40.7: 2
Control limits, 9.6.9: 5, 27
alarm limit, 9.6.5: 3
defined, 9.6.5: 36
shutdown limit, 9.6.5: 3
See also Alarm limits; Shut-down limits
Control methods, 7.1-7.5: 20
Controlled-volume metering pumps, 7.1-7.5: 1,7.6: 1
basic elements of, 7.1-7.5: 1, 1f.
defined, 7.1-7.5: 1
drive and control mechanisms, 7.1-7.5: 5
Conversion factors, 14.6: 68, 68 t.
Cooling liquid flow path, defined, 4.1-4.6: 7
Cooling liquid flow, 4.1-4.6: 13
Cooling, defined, 5.1-5.6: 15
Cooling-loop blockage, 9.6.9: 7
Copper and copper alloys aluminum bronze, 9.1-9.5: 20
copper-nickel alloys, 9.1-9.5: 20
high copper, 9.1-9.5: 19
leaded nickel bronze (nickel silvers), 9.1-9.5: 20
leaded red brass, 9.1-9.5: 19
silicon bronze, 9.1-9.5: 19
tin bronze, 9.1-9.5: 19
yellow brass, 9.1-9.5: 19
Corrective action, 40.7: 8
Corrosion allowance for metallic rotodynamic pumps, 1.3:
11
Corrosion monitoring, 9.6.5: 7
alarm limits, 9.6.5: 8
by electrical resistance (ER), 9.6.5: 8
by linear polarization resistance (LPR), 9.6.5: 8
by ultrasonic thickness measurement (UTM), 9.6.5: 8
by visual/dimensional inspection, 9.6.5: 7
frequency, 9.6.5: 8
means of, 9.6.5: 7
shutdown limits, 9.6.5: 8
Corrosion, 2.3: 78, 5.1-5.6: 24, 9.6.6: 14
and aeration, 2.3: 79
and materials for rotodynamic vertical pumps, 2.3: 80
and protective coatings, 2.3: 80
and rust coating, 2.3: 78
and water quality analysis, 2.3: 79
defined, 2.3: 78, 12.1-12.6: 43
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failure mode indicated by temperature monitoring,
9.6.9: 7
galvanic, 2.3: 78
intergranular, 2.3: 78
mechanism of, 2.3: 78
pitting, 2.3: 79
uniform, 2.3: 78
Corrosion/erosion/contamination, 9.1-9.5: 11
Cost and lead time considerations, 9.6.8: 26
Counterclockwise, determination of, 3.1-3.5: 19
Coupling selection, 4.1-4.6: 13
Couplings, 1.3: 57, 58t., 2.3: 29, 9.6.6: 25
alignment, 1.3: 59
condition monitoring failure modes, 9.6.9: 19t.
disk, 1.3: 59
driveshaft, 1.3: 57
elastomeric, 1.3: 59
failure indicated by power monitoring, 9.6.9: 5
failure indicated by vibration monitoring, 9.6.9: 12
flanged adjustable spacer, rigid style, 2.3: 30 f.
flanged adjustable, rigid style, 2.3: 30 f.
gear, 1.3: 59
in sump pump configuration, 2.3: 62, 63 f., 65, 71
limited end float, 1.3: 58
magnetic, 9.6.9: 5,7, 8
maintenance inspection for failure, 9.6.5;: 17, 18
offset, 1.3: 57
speed limitations, 1.3: 59
CPB. See Contractors Pump Bureau
Cracking pressure, defined, 3.1-3.5: 18
Credit cards, caution regarding, 4.1-4.6: 22, 5.1-5.6: 38
Critical carrying velocity, 6.1-6.5: 34
Critical damping ratio, defined, 9.6.8:; 58
Critical damping, defined, 9.6.8: 58
Critical depth, defined, 9.8: 49
Critical speed, defined, 9.6.8: 58
Cross-coupling, defined, 9.6.8: 58
Cross-flow control, 9.8: 61, 64f., 65f.
Cross-sectional drawings section, 1.4: 38
Cup type pistons composition cups, 6.1-6.5: 78, 79f.
installation, 6.1-6.5: 79
synthetic rubber cups, 6.1-6.5: 79, 79f.
Curie temperature, defined, 4.1-4.6: 7,5.1-5.6: 17
Curtain walls
defined, 9.8: 49
in remediation of surface vortices, 9.8: 68, 69f., 71f.
Curve shape, 20.3: 2
Cutwater area, 1.3: 1
Cycle rate defined, 10.1-10.5: 4, 10.6: 3
measurement of, 10.6: 15
Cycle, defined, 10.1-10.5: 4, 10.6: 3
Cyclic service, 2.3: 39
D slide valves, 8.1-8.5: 6, 6f.
D. See also Pump displacement
D. See Displacement
D2. See Impeller diameter
(D) Discharge recirculation, 1.3: 72
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Damped natural frequency analysis of OH or BB pumps,
9.6.8: 47
analysis, 9.6.8: 48
interpretation of results, 9.6.8: 48
methodology, 9.6.8: 47
model, 9.6.8: 47
validation, 9.6.8: 49
Damped torsional analysis, defined, 9.6.8: 59
Dampening devices, 7.6: 8
Damping, 9.6.8: 27
defined, 9.6.8: 59
Darcy-Weisbach method, 9.6.6: 14, 15
Data element groups, 50.7: 12
Data elements, 50.7: 11
additional data to support AP1 610/ISO 13709 data
sheet, 50.7: 14
and bid, quotation, and purchasing, 50.7: 10
and equipment types, 50.7: 10, 11t.
and field names, 50.7: 11, 12
and HI data exchange compliance levels, 50.7: 1, 11,
15, 17t.
and pump technology designations, 50.7: 11, 18, 19t.
and R/D/S field designations, 50.7: 11, 12, 13, 17 t.
and units of measure, 50.7: 12
and work processes, 50.7: 10, 11t.
classes, 50.7: 12
See also Pump data transaction set
Data exchange. See Electronic data exchange
Data field definitions, 50.7: 13
Data sheets standardization of, 50.7: 1
usefulness and examples of, 50.7: 8
Data sheet, 7.6: 9
Datum defined, 12.1-12.6: 34
elevations for various slurry pump designs, 12.1-12.6:
34 f.
Datum elevation for various pump designs, 1.1-1.2: 69 f.,
14.6: 7 f.
Datum elevation, 2.1-2.2: 33f.
Datum, defined, 3.1-3.5: 21, 3.6: 5, 6.6: 5, 10.1-10.5: 6,
10.6: 4
Decision matrix, 9.6.8: 12t.
Decontamination of returned products procedure, 9.1-9.5:
42
Decouple, defined, 5.1-5.6: 17
Decoupling torque test, 4.1-4.6: 28
Decoupling, defined, 4.1-4.6: 7
Deep-well pumps (VS1), 2.1-2.2: 4f.
Default test acceptance grades, 14.6: 17
based on purchaser’s intended service, 14.6: 17, 17 t.
: defined, 12.1-12.6: 41
Definitions of terms, 2.1-2.2: 28, 3.1-3.5: 16, 6.1-6.5: 24—
+35,7.1-7.5: 11,7.1-7.5;: 11, 9.6.8: 58, 10.1-10.5: 4,
-10.6: 1, 12.1-12.6: 31-44
Demagnetization, defined, 4.1-4.6: 7,5.1-5.6: 17
Dephase, defined, 4.1-4.6: 7
Deposit velocity, 12.1-12.6: 45
, defined, 12.1-12.6: 41

HI Master Index for Complete Set: Version 3.2

Design, 4.1-4.6: 12
air-operated pump, 10.1-10.5: 11
and circulation piping plan selection, 5.1-5.6: 25
and electrical classifications and codes, 5.1-5.6: 20
and three years mean time between repairs, 5.1-5.6:
20
auxiliary piping, 5.1-5.6: 26
bellows pump features, 10.1-10.5: 12
bellows selection and materials, 10.1-10.5: 13
casing, 5.1-5.6: 21
check valve selection and materials, 10.1-10.5: 14
containment shells, 5.1-5.6: 20
diaphragm pump features, 10.1-10.5: 12
diaphragm selection and materials, 10.1-10.5: 13
dynamic balance, 5.1-5.6: 24
external bearings, 5.1-5.6: 23
external couplings and guards (MDP), 5.1-5.6: 25
gaskets, 5.1-5.6: 21
instrumentation options, 5.1-5.6: 27
integral motors (CDP), 5.1-5.6: 23
internal bearings, 5.1-5.6: 22
joint bolting, 5.1-5.6: 21
magnetic couplings (MDP), 5.1-5.6: 23
manufacturer’s data responsibilities, 5.1-5.6: 20
manufacturer’s responsibility for engineering
coordination, 5.1-5.6: 20
materials, 5.1-5.6: 24
mounting of pumps, 5.1-5.6: 25
pump case materials, 10.1-10.5: 13
pump controls, 10.1-10.5: 13
purchaser’s data responsibilities, 5.1-5.6: 20
See also Application guidelines
specific gravity, and effect on pump performance,
10.1-10.5: 14
venting and draining, 5.1-5.6: 22
viscosity correction, 5.1-5.6: 20
viscosity, and effect on pump performance, 10.1-10.5:
14
wetted parts selection, 10.1-10.5: 13
Design considerations, 3.1-3.5: 34, 9.6.6: 6
Design guidelines, 8.1-8.5: 13
Design Institute for Physical Properties (DIPPR), 50.7: 3
Design review, 9.6.5: 22
frequency, 9.6.5: 24
hydraulic applications, 9.6.5: 23
installation, 9.6.5: 23
mechanical applications, 9.6.5: 22
operating procedures, 9.6.5: 23
Desired data, 50.7: 13, 14
See also R/D/S field designations
Dew point, defined, 10.1-10.5: 10
Diaphragm assembly diaphragm, 10.1-10.5: 2
diaphragm with integral outer plate, 10.1-10.5: 3f.,, 3
inner and outer plates, 10.1-10.5: 3
Diaphragm hydraulic system, 7.1-7.5: 10
Diaphragms, 7.1-7.5: 10
double, with leak detection systems, 7.1-7.5: 20
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leak detection, 7.1-7.5: 10
multiple, 7.1-7.5: 10
Differential pressure (Ap) , 8.1-8.5: 11, 9.6.9: 12
calculation, 3.6: 14
defined, 3.1-3.5: 23,3.6: 7
Dilatant liquids, defined, 10.1-10.5: 11
Dimensionally interchangeable pump, 2.1-2.2: 19
Direct-acting (steam) pumps
all bronze, 9.1-9.5: 14
alliron, 9.1-9.5: 14
bronze fitted, 9.1-9.5: 14
defined, 8.1-8.5: 1
double-acting pump, 8.1-8.5: 1
duplex pump, 8.1-8.5: 2, 3f.
horizontal pump, 8.1-8.5: 1
inspection, 8.1-8.5: 26
nomenclature, 8.1-8.5: 2
piston pump, 8.1-8.5: 1, 2f.
simplex pump, 8.1-8.5: 1, 3f.
types, 8.1-8.5: 1, 1f.
typical services, 8.1-8.5: 13
vertical pump, 8.1-8.5: 1
Direction of rotation, defined, 3.1-3.5: 19
Dirty liquids, 5.1-5.6: 30
circulation piping plan selection, 5.1-5.6: 34f.
Discharge flanges, 5.1-5.6: 21
Discharge manifold, 10.1-10.5: 3
Discharge pipe or hose, 2.3: 65, 73, 7.6: 8
Discharge piping, 6.1-6.5: 49f., 56, 7.1-7.5: 21
Discharge port, defined, 3.1-3.5: 17
Discharge pressure, 8.1-8.5: 10, 9.6.9: 11, 10.1-10.5: 6
See Outlet pressure
Discharge pressure gauge, 7.6: 8
Discharge pressure pulsation. See Acoustic resonance
Disk friction losses, 9.6.7: 19
influence on viscosity correction factor for efficiency,

j 9.6.7: 20f.

. ratio to useful power, 9.6.7: 20f.
Displacement, defined, 3.1-3.5: 20, 3.6: 2, 7.1-7.5: 11
Displacement per stroke (D), defined, 10.1-10.5: 6,

©10.6: 4
Displacement, 6.1-6.5: 24,8.1-8.5: 9

Double diaphragms, with leak detection systems, 7.1-7.5:

:20
Double suction impellers, 2.3: 6 f., 6, 9.8: 49
Double-acting pump, 6.1-6.5: 1f., 2f., 3
Drain bosses, 5.1-5.6: 21
Draining, 5.1-5.6: 22
Drains, 8.1-8.5: 27
Drilling applications, 12.1-12.6: 45
Drive (steam) cylinder, 8.1-8.5: 6
Drive (steam) end, 8.1-8.5: 4, 5f.

lubrication, 8.1-8.5: 18, 27

Drive (steam) piston, 8.1-8.5: 6
Drive alignment after piping installation, 7.1-7.5: 23
Drive and control mechanisms, 7.1-7.5: 5
Drive characteristics, 4.1-4.6: 20
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Drive motor, 7.6: 8
Drive specifications, 3.1-3.5: 43
Drive train arrangements, 12.1-12.6: 82
Driven component liner, defined, 5.1-5.6: 18
Driven shaft, 5.1-5.6: 1
Driver power. See Total input power
Driver sizing, 5.1-5.6: 30
Drivers, 1.3: 153, 7.6: 8
deceleration devices, 1.3: 176, 2.3: 94
eddy current drives, 1.3: 176
functions and parameters for selection, 1.3: 154t.
gears, 2.3: 94
in VS4 line-shaft design sump pumps, 2.3: 65
in VS5 cantilever shaft design sump pumps, 2.3: 73
mounting, 3.1-3.5: 57
pedestal, 2.3: 65, 74
See also Electric motors; Engines; Steam turbines
selection, 2.3: 81, 81 t.
sizing, 2.3: 81
types, 2.3: 81
variable-speed, 1.3: 176, 2.3: 94
Dry critical speed analysis, defined, 9.6.8: 59
Dry pit (nonclog) pumps, 1.3: 117, 118f.
Dry run, 9.6.9: 8
Dry suction lift defined, 10.1-10.5: 7, 10.6: 9
vacuum gauge test method, 10.6: 10
vacuum gauge with enclosed tank test method, 10.6:
10
water lift test method, 10.6: 10
Dry-pit suction, defined, 9.8: 49
Dual flow screens, defined, 9.8: 50
Dual pressurized seals, 12.1-12.6: 77, 78 f.
arrangements, 9.6.9: 10, 10t.
defined, 12.1-12.6: 38
Dual seal, defined, 12.1-12.6: 38
Dual unpressurized seal
arrangements, 9.6.9: 10, 10t.
defined, 12.1-12.6: 38
Ductile iron, 12.1-12.6: 64
Dunkerly equation, 9.6.8: 40
Duplex pump, 6.1-6.5: 3
Duplex stainless steels, 12.1-12.6: 65
Duplicate performance pump, 2.1-2.2: 19
Duplicate, defined, 9.6.8: 59
Duty cycle, 3.1-3.5: 44
Duty point. See Guarantee point
Factory performance tests, 14.6: 9
nonwitnessed and certified, 14.6: 9
remote witnessing by purchaser’s representative, 14.6:
9
See also Performance test reports
witnessed, 14.6: 9
Dynamic analysis
Dynamic analysis sample specification wording, 9.6.8: 86
Dynamic analysis sample specifications, 9.6.8: 84
instructions for specification writers, 9.6.8: 84
reduction of vibration and reliability problems, 9.6.8: 27
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separation margin, 9.6.8: 84
Dynamic analysis sample specifications, motor reed
critical frequency, 9.6.8: 90
instructions to motor purchasers, 9.6.8: 90
instructions to specification writers, 9.6.8: 90
sample specification, 9.6.8: 90
Dynamic balance, 5.1-5.6: 24
Dynamic balancing. See two-plane balancing
Dynamic losses, 9.6.6: 13
Dynamic viscosity units, 9.6.7: 32
conversion from CGS to SI, 9.6.7: 32
conversion from Sl to CGS, 9.6.7: 32
conversion to kinematic viscosity units, 9.6.7: 31
Economic consequences, 9.6.5: 2, 9.6.9: 4, 4t.
Eddy current defined, 4.1-4.6: 7
drive, defined, 4.1-4.6: 7,5.1-5.6: 17
losses, defined, 4.1-4.6: 7
magnetic coupling, 4.1-4.6: 12
Eddy current losses, defined, 5.1-5.6: 17
Eddy currents defined, 5.1-5.6: 16
induced, 5.1-5.6: 21
Eddy, defined, 9.8: 50
Effective diaphragm area (AEFF), defined, 10.1-10.5: 4,
4f
Effective diaphragm area (AEFF), definition and equation,
10.6: 4, 4f.
Effective particle diameter, 6.1-6.5: 34
Efficiency
calculating correction factor, 9.6.7: 1
calculating correction factors (example; metric units),
9.6.7: 11
calculating correction factors (example; US
customary units), 9.6.7: 13
calculating correction factors, and preliminary
selection of rotodynamic pump, 9.6.7: 16, 17, 18
characteristic curves with viscosity correction factors,
9.6.7: 2, 3f.
characteristic curves, 9.6.7: 1
correction factors, 9.6.7: 9, 10f.
defined, 11.6: 9
influence of disk friction losses on viscosity correction
factor for, 9.6.7: 20f.
major influences on, 20.3: 1
mechanical, defined, 7.1-7.5: 11
optimum normally attainable (metric units), 20.3: 4 f.
optimum normally attainable (US units), 20.3: 6 f.
reduction due to specific speed (metric units), 20.3: 5 1.
reduction due to specific speed (US units), 20.3: 7 f.
reciprocating pump, 6.1-6.5: 29
rotary pump, 3.1-3.5: 43
rotary vs. rotodynamic pumps, 3.1-3.5: 44, 45 f.
volumetric, defined, 7.1-7.5: 12
Efficiency deviations
and desired curve shape, 20.3: 2
and difference between attainable bowl and attainable
pump efficiencies, 20.3: 2
and high suction specific speed, 20.3: 2

HI Master Index for Complete Set: Version 3.2

and impeller diameter trim, 20.3: 2
and internal wear ring clearances, 20.3: 1, 12 f., 13 f.
and mechanical losses, 20.3: 1
and slurries, 20.3: 1
and solids size, 20.3: 1
and special impeller designs, 20.3: 2
and surface roughness, 20.3: 1, 10f., 11 f.
and thrust balance, 20.3: 2
and types of pumps, 20.3: 1, 2 t.
and viscosity, 20.3: 1
for multistage vertical turbine (diffuser) type pumps,
20.3: 2
influences on, 20.3: 1
metric units, 20.3: 8 f.
US units, 20.3: 9 f.
Efficiency prediction
and variance of specific speed at which optimum
efficiency occurs for different pump types, 20.3: 14
charts, 20.3: 1, 4 f.—7 f. '
efficiency reduction due to specific speed (US units),
20.3: 7 1.
of normally attainable efficiency levels at best
efficiency point (example; metric units), 20.3: 2 t.,
4f,5f,8f,14
of normally attainable efficiency levels at best
efficiency point (example; US units), 20.3: 2 t., 6 f,,
7f,9f1.,14
optimum normally attainable efficiency (metric units),
20.3: 4 1.
optimum normally attainable efficiency (US units),
20.3: 6 f.
Efficiency prediction method, 1.3: 81
Efficiency ratio, defined, 12.1-12.6: 42
Efficiency reduction factor, 12.1-12.6:; 51
defined, 12.1-12.6: 42
EGL. See Energy grade line
Elastomer shelf life, 10.1-10.5: 20
Elastomers, 12.1-12.6: 64, 65
bonded to metals, 12.1-12.6: 64
linings, storage of, 12.1-12.6: 90
synthetic rubber, 12.1-12.6: 66
Electric motor input power, defined, 1.1-1.2: 72, 2.1-2.2:
36,12.1-12.6: 36
Electric motors, 1.3: 153, 2.3: 83
AC polyphase, 2.3: 83
AC single-phase, 2.3: 83
alternating-current (AC) polyphase, 1.3: 156
alternating-current (AC) single-phase, 1.3: 155
and altitude, 1.3: 163, 2.3: 91
and frequency, 2.3: 91
and hazardous locations and materials, 2.3: 92
and shaft-mounted fans, 2.3: 87
bearings, 2.3: 87
Class I-Ill hazardous locations, 2.3: 92
classified (or regulated) areas (hazardous
atmospheres), 1.3: 164
closed-circuit cooling, 2.3: 87
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construction, 2.3: 84

cooling fluids, 2.3: 87

cooling in VSO-style pumps, 2.3: 87

cooling methods, 1.3: 158, 2.3: 86

definition of first numeral in IP classification system,
2.3:861t.

definition of second numeral in IP classification
system, 2.3: 86 t.

degree of protection, 2.3: 85, 86 t.

direct current (DC), 1.3: 156

Division 1-2 hazardous locations, 2.3: 93

dust-ignition proof, 2.3: 92, 93

dust-ignition-proof machines, 1.3: 164

dust-ignition-proof motor requirements, 1.3: 166

efficiency, 1.3: 161, 2.3: 90

enclosures, 1.3: 156, 157t., 2.3: 84,85 1.

explosion-proof machines, 1.3: 164

explosion-proof motor requirements, 1.3: 165

explosion-proof, 2.3: 92, 93

frequency, 1.3: 163

Group A-D hazardous materials, 2.3: 93

horizontal mounting, 1.3: 159

industry standards, 1.3: 168

IP designation system (degree of protection), 1.3: 157,

158t.
motor bearings, 1.3: 159
NEMA Designs A-D, 1.3: 161, 161f., 2.3: 89
open circuit cooling, 2.3: 87
performance characteristics, 1.3: 160, 2.3: 87
power factor, 1.3: 162, 2.3: 90
relationship between voltage and current, 1.3: 160
service factor, 1.3: 163, 2.3: 90
squirrel-cage induction, 2.3: 83
starting torque, 1.3: 160
starting voltage and frequency, 2.3: 91
starting, 1.3: 163, 2.3: 92
synchronous, 2.3: 84
torque vs. speed, 1.3: 160, 2.3: 87, 88 f.
torque—speed curves, 1.3: 160f.
types, 1.3: 155, 2.3: 83
variable-speed power sources, 1.3: 166
vertical mounting, 1.3: 159
voltage—current relationship, 2.3: 87
wound rotor induction, 2.3: 84
Electric power plant (non-nuclear) pumps, 9.6.1: 9, 9t.
Electrical current, in power monitoring, 9.6.5: 4, 9.6.9: 6
Electrical resistance (ER), 9.6.5: 8
Electromagnetic drive (solenoid), 7.1-7.5: 6, 6f.
Electronic counters (in rotary speed measurement), 3.6:
25
Electronic counters, 9.6.9: 14
Electronic counters, in speed (rpm) monitoring, 9.6.5: 19
Electronic data dictionary, 1, 8
Electronic data exchange (EDE), 50.7: 1
additional resources, 50.7: 30

and bounded set of data elements (dictionary), 50.7: 8

and business leaders/managers, 50.7: 3

and information technology staff and system
implementation specialists, 50.7: 4
and neutral data exchange files, 50.7: 8
and pump specifiers and manufacturers, 50.7: 4
and universal digital format (XML), 50.7: 8
compliance levels for data elements, 50.7: 1
defined, 50.7: 1
demonstration of real usage scenarios, 50.7: 22, 22 f.
in bidding and quoting transactions, 50.7: 1
link to HI-EDE data dictionary, 50.7: 31
standards utilizing XML schemas, 50.7: 1
testing compliance with HI, 50.7: 21
units of measure and conversion for transactions,
50.7: 1
Electronic instruments, caution regarding, 4.1-4.6: 22
Elevation head, 6.1-6.5: 28, 6.6: 5, 8.1-8.5: 11
defined, 1.1-1.2: 69, 2.1-2.2: 32, 3.6: 5, 10.6: 5, 11.6:
7,12.1-12.6: 34
Elevation pressure, 6.1-6.5: 28, 8.1-8.5: 11
defined, 3.1-3.5: 21, 6.6: 5, 10.6: 4
Elevation pressure, definition and equation, 3.6: 5
Empirical method, 9.6.7: 1, 2
Encapsulation, defined, 4.1-4.6: 7
Enclosed impellers, 2.3: 5, 6 1.
and axial thrust, 2.3: 9f., 9
Enclosed line-shaft pumps, 2.3: 16, 17 f., 18 f.
bearing bushings, 2.3: 16
bearing lubrication, 2.3: 20
bearing spacing, 2.3: 19
End plate, defined, 3.1-3.5: 17
End suction pump, defined, 9.8: 50
Energy conservation, 3.1-3.5: 43
and variable-speed pumping, 3.1-3.5: 43
Energy grade line (EGL), 9.8: 83
Engineered plastics applications, 9.1-9.5: 27
Engines, 1.3: 168, 175f.
types, 1.3: 168
condition monitoring, 1.3: 173
cooling, 1.3: 170
diesel fuel grades, 1.3: 174
diesel, 1.3: 169
drive connections, 1.3: 169
enclosures, 1.3: 170
Engine Power Test Code, 1.3: 174
gasoline, 1.3: 169
mass elastic analysis, 1.3: 175
mounting, 1.3: 169
operating speeds, 1.3: 172
operation, 1.3: 172
package design considerations, 1.3: 174
speed governing, 1.3: 172
starting, 1.3: 173
testing and performance, 1.3: 174
Entrained air or gas bubbles, 9.8: 1
Environment, 7.1-7.5: 20
Environmental consequences, 9.6.5: 2, 9.6.9: 4, 4t.
Environmental considerations, 5.1-5.6: 29
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Equipment data sheets, 12.1-12.6: 44
metric units, 12.1-12.6: 97-98
Equipment life cycle work process, 50.7: 4, 5 f.
ER. See Electrical resistance
Erosion, 2.3: 78
cavitation, 2.3: 78
defined, 2.3: 78
Erosion, defined, 12.1-12.6: 44
Erosion, maintenance inspection for, 9.6.5; 17, 18
Erosion—corrosion, 12.1-12.6: 57
defined, 12.1-12.6: 44
Erosion—Corrosion, 2.3: 78
Ex rating, 1.4: 8,2.4: 8
Excessive radial thrust, 1.3: 72
Excitation force level, 9.6.8: 27
Exclusions from standard, 9.6.4: 1
Expansion joints, 9.6.6: 25
and pressure effects, 9.6.6: 27
and supports, 9.6.6: 26
and tie rods, 9.6.6: 27, 27 f.
double, 9.6.6: 26 f., 26
elastomer, 9.6.6: 25, 26 f.
metal bellows type, 9.6.6: 26, 26 f.
packed, 9.6.6: 25, 25f.
slip (axial) type, 9.6.6: 25, 25f.
types of, 9.6.6: 25
universal, 9.6.6: 26 f., 26
Explosive atmosphere, caution regarding, 4.1-4.6: 22
External flush fluid, defined, 12.1-12.6: 38
External flush, 5.1-5.6: 30
External gear and bearing screw pump on base plate, 3.1-
3.5: 30f.
External gear pumps, 3.1-3.5: 1f.,3f,4f,15f.
and helical gears, 3.1-3.5: 10
and herringbone gears, 3.1-3.5: 10
and spur gears, 3.1-3.5: 10
description, 3.1-3.5: 10
flanged ports, 3.1-3.5: 28f.
on base plate, 3.1-3.5: 29f.
range chart, 3.1-3.5: 10f.
threaded ports, 3.1-3.5: 28f.
Face-type seal. See Mechanical seal
Factory test, 9.6.3: 2
characteristics to be monitored, 9.6.3: 2
Preferred operating region (POR), 9.6.3: 1
related to specific speed, 9.6.3: 1,1t.
Factory tests certified, 11.6: 2
nonwitnessed, 11.6: 2
remote witnessing by buyer’s representative, 11.6: 3
witnessed, 11.6: 3
witnessing by buyer’s representative, 11.6: 3
Failure modes
defined, 9.6.5: 36
factors in probability of, 9.6.5: 2
Field alarms, default initial setting recommendations,
9.65: 1
for sealless pumps and pumps with journal bearings,

HI Master Index for Complete Set: Version 3.2

9.6.5: 30t.
list of, 9.6.5: 1
with causes and indicators, 9.6.5: 1, 25t.
Failure modes characterization, 9.6.9: 1
condition monitoring, 9.6.9: 15t.
defined, 9.6.9: 27
determining severity level, 9.6.9: 4, 4t., 5t.
indicated by power monitoring, 9.6.9: 5
indicated by temperature monitoring, 9.6.9: 7
indicated by vibration monitoring, 9.6.9: 12
Failure, 9.6.9: 27
Failure, defined, 9.6.5: 36
FEA, defined, 9.6.8: 59
Ferrite, defined, 4.1-4.6: 9
FIATECH/AEX, 50.7: 1, 3
informative content, 50.7: 4
intended audience, 50.7: 3
normative content, 50.7: 4
overview, 50.7: 3
purpose, 50.7: 1
scope, 50.7: 1
supported work processes and equipment types, 50.7:
11, 11t.
Field adjustment, 9.6.6: 7
Field alarm settings, 9.6.4: 20
Field-test pressure, 2.1-2.2: 37
Field-test pressure, defined, 1.1-1.2: 73
Fillets defined, 9.8: 50
in performance enhancement of trench-type wet wells,
9.8: 87
Filtered high-frequency signal processing, 9.6.5: 12, 9.6.9:
12
Fine-particle correction factor (Cfp), 12.1-12.6: 51
defined, 12.1-12.6: 42
Finite element analysis method (FEA), 9.6.8: 35
sources of errors, 9.6.8: 35
Finite element analysis, defined, 9.6.8: 59
First critical speed, defined, 9.6.8: 38
First dry critical speed of vertically suspended (VS) pumps,
9.6.8: 46
analysis, 9.6.8: 46
interpretation of results, 9.6.8: 47
methodology, 9.6.8: 46
model, 9.6.8: 46
validation, 9.6.8: 47
First transverse (lateral) critical speed, 9.6.8: 39
for a rotor with a single attached mass, 9.6.8: 39
for a shaft of constant cross section, 9.6.8: 39
for a shaft of negligible mass carrying several
concentrated masses, 9.6.8: 40
for the angular or torsional case, 9.6.8: 41
Fittings, 7.1-7.5: 23, 8.1-8.5: 16, 9.6.6: 14
losses due to viscosity, 2.3: 50
Fixed stroke-length drives, 7.1-7.5: 6, 7f.
Flammability, 5.1-5.6: 29
Flammable liquids or vapors, 8.1-8.5: 16
Flanges and fittings, 5.1-5.6: 21, 7.1-7.5: 23, 8.1-8.5: 16,
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12.1-12.6: 82
Flap check valves, 10.1-10.5: 4 f.
Flexible coupling, 7.1-7.5: 23
defined, 9.6.8: 59
Flexible foundation, defined, 9.6.8: 59
Flexible impeller pumps. See Flexible vane pumps
Flexible member pumps, 3.1-3.5: 1f.
Flexible rotor, defined, 9.6.8: 59
Flexible vane pumps, 3.1-3.5: 1f,3t.,4t,5f,6f,15f.
description, 3.1-3.5: 8
range chart, 3.1-3.5: 8f.
Flexibly coupled horizontal in-line, 1.1-1.2: 40 f.
Flooded suction, 6.1-6.5: 31, 8.1-8.5: 12
defined, 1.1-1.2: 71, 2.1-2.2: 35, 10.1-10.5: 7
Floor clearance, defined, 9.8: 50
Floor cones defined, 9.8: 50

in performance enhancement of trench-type wet wells,

9.8: 85, 86f.
Floor vanes, defined, 9.8: 50
Flow improvement devices, 9.6.6: 2, 30 f., 30
Flow rate (Q), defined, 11.6: 6
Flow rate monitoring, 9.6.9: 13
Flow rate, 6.1-6.5: 24, 9.6.6: 14
Flow separation
in runout condition, 2.3: 41
Flow splitters, 9.8: 86, 86f.
Flow straightener, defined, 9.8: 50
Flowchart describing workflow, 9.6.8: 3f.
Flowchart referencing applicable sections of guideline,
9.6.8: 4f.
Flowcharts for use of standard hydraulic considerations,
9.6.6: ixf.
mechanical considerations, 9.6.6: viii f.
Flowmeter, 6.6: 18
Fluid types
chemical process, 9.1-9.5: 5
clear water, 9.1-9.5: 5
NACE guidelines, 9.1-9.5: 5
petroleum handling, 9.1-9.5: 5
Fluid viscosity, 9.6.6: 13
Fluid whirl, defined, 9.6.8: 59
Fluids
corrosive nature of, 3.1-3.5: 43
defined, 3.1-3.5: 17
dilatant, 3.1-3.5: 39
lubricity of, 3.1-3.5: 43
Newtonian, 3.1-3.5: 39
non-Newtonian, 3.1-3.5: 39
plastic, 3.1-3.5: 40
pseudo-plastic, 3.1-3.5: 40
rheopectic, 3.1-3.5: 41
thixotropic, 3.1-3.5: 40
time-independent non-Newtonian, 3.1-3.5: 40
types, 3.1-3.5: 35
with entrained vapor, 3.1-3.5: 34
with gases or solids, 3.1-3.5: 35
Fluids, applicable standards, 9.1-9.5: 5
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Flux
defined, 4.1-4.6: 7
density, defined, 4.1-4.6: 8
Foot valves, 9.6.6: 29, 29 f.
defined, 9.8: 50
losses due to viscosity, 2.3: 50
Forced response analysis of vertical pump, driver
baseplate structural system, 9.6.8: 57
analysis, 9.6.8: 57
interpretation of results, 9.6.8: 57
model, 9.6.8: 57
validation, 9.6.8: 57
Forced response analysis OH or BB pump, driver
baseplate structural system, 9.6.8: 56
analysis, 9.6.8: 56
interpretation of results, 9.6.8: 56
model, 9.6.8: 56
validation, 9.6.8: 57
Forces and moments, 7.1-7.5: 22
Forebays defined, 9.8: 50
flow from, 9.8: 1
Formed suction intakes (FSI), 9.8: 8, 10f.
alternate designs, 9.8: 9, 99, 100f., 101f., 102f.
defined, 9.8: 50
minimum submergence (calculation), 9.8: 9
recommended dimensions, 9.8: 9, 10f.
shoe-box-type, 9.8: 99, 101f., 102f.
stork-type, 9.8: 99, 100f.
to provide uniform velocity at pump bell throat, 9.8: 71
Foundation rigidity
horizontal pump structures, 9.6.8: 14f.
vertical pump structures using motor CG location,
9.6.8: 14f.
vertical pump structures using top motor bearing
location, 9.6.8: 15f.
Foundation, 2.3: 26, 6.1-6.5: 68, 7.1-7.5: 22
bolts, 68, 68f.
Frame assembly. See Power end
Frame mounted, defined, 12.1-12.6: 4
Frame selections
open drip-proof, 1.1-1.2: 84, 88 t.
TEFC, 1.1-1.2: 84
Francis vane impeller, 2.1-2.2: 19
Free surface flow, defined, 9.8: 50
Free surface vortices, 9.8: 1
air-entraining, prevention of in sump, 9.8: 1
and approach-flow skewness, 9.8: 43
and pump inlet disturbances, 9.8: 68, 69f., 71f.

and vortex suppression devices (for highly nonuniform

approach flows), 9.8: 43

curtain walls in remediation of, 9.8: 68, 69f., 71f.

defining measure of vortex strength, 9.8: 37f., 43

evaluating strength of (physical model studies), 9.8:
36, 37f.

recommended submergence for minimizing (formula),
9.8:44

required minimum submergence for minimizing, 9.8:
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45, 46f., 471. rate of flow of rotary pumps, 3.1-3.5: 37 f.
required submergence for minimizing, 9.8: 43 effect of entrained gas on liquid rate of flow of rotary
vortex type as function of various dimensionless pumps, 3.1-3.5: 36 f.
parameters, 9.8: 43 entrained or dissolved in liquids, 3.1-3.5: 35
Freight, caution regarding, 4.1-4.6: 22,5.1-5.6: 38 Gaskets, 5.1-5.6: 21, 7.1-7.5: 23, 8.1-8.5: 17
Frequencies Gauge head, defined, 1.1-1.2: 68, 2.1-2.2: 31, 12.1-12.6:
filtering out those outside measurement range, 9.6.4: 33
2 Gauge pressure, 6.1-6.5: 28, 8.1-8.5: 11
for electric motors, 2.3: 91 defined, 3.1-3.5: 20, 3.6: 5, 6.6: 5, 10.6: 4
natural frequency and resonance, 9.6.4: 17 Gauge pressure in terms of head (hg), defined, 11.6: 7
natural, 2.3: 26 Gauges, 9.6.9: 6, 11
ranges, 9.6.4: 2 Gauss, defined, 4.1-4.6: 8
Frequency of monitoring, 9.6.5: 3, 3t. Gear pumps, 3.1-3.5: 1f.,3t.,4t,15f.
Frequency separation, defined, 9.6.8: 59 description, 3.1-3.5: 9
Frequency-responsive devices (in rotary speed General industrial pumping applications, 9.6.1: 12
measurement), 3.6: 25 General principles, 7.1-7.5: 17
Friction characteristic, 6.1-6.5: 34 General requirements, 9.6.6: 4
defined, 12.1-12.6: 39 Gilbert, defined, 4.1-4.6: 8
Friction head, defined, 1.1-1.2: 70, 2.1-2.2: 34, 12.1-12.6: Gland follower. See Gland
35 Gland, defined, 3.1-3.5: 19
Friction loss pressure, 6.1-6.5: 28 Glossary, 9.8: 48
defined, 10.1-10.5: 7 GOR. See Gas oil ratio
Friction, 9.6.6: 13 Grades of accuracy, 14.6: 10
Froth factors, 12.1-12.6: 53 acceptance tolerances, 14.6: 10
application to pump selection, 12.1-12.6: 54, 54 f. and corresponding tolerance bands, 14.6: 13, 13 t.
defined, 12.1-12.6: 52 default test acceptance grades, 14.6: 17, 17 t.
or common processes, 12.1-12.6: 53, 53 t. grade 1 (1B, 1E, 1U), 14.6: 13, 13 t.
Froth pumping, 12.1-12.6: 52 grade 2 (2B, 2U), 14.6: 13, 13 t.
Froude number grade 3 (3B), 14.6: 13, 13 t.
and alternative configuration for rectangular intakes grades 1, 2,and 3, 14.6: 1
when liquid source is shallow relative to required pump permissible amplitude of fluctuations per grade, 11.6:
submergence, 9.8: 103, 105f., 106f. 33t,14.6:11, 11t
and rectangular intakes (clear liquids), 9.8: 3 pressure tappings for, 14.6: 27, 28 f.
and submergence (tanks, pump suction), 9.8: 16 See also Test tolerances, reasons for
and submergence (unconfined intakes for clear tolerance field for acceptance grade 1E, 14.6: 14, 16 f.
liquids), 9.8: 23 tolerance field for acceptance grades 1B, 2B, and 3B,
and vortex type, 9.8: 43 14.6: 14, 16 t.
defined, 9.8: 50 tolerance field for acceptance grades 1U and 2U, 14.6:
in physical model studies (intake structures and pump 16 f.
suction piping), 9.8: 33, 35 Graphite, defined, 5.1-5.6: 15
FSI. See Formed suction intakes Gray castiron, 12.1-12.6: 64
Full-flow bypass pressure, defined, 3.1-3.5: 18 Guarantee point, 14.6: 1, 10
Galling resistance, 9.1-9.5: 11 and maximum permissible measurement device
Galling, defined, 9.1-9.5: 11 uncertainty, 11.6: 34 t., 14.6: 12, 12 t.
Galvanic corrosion, 9.1-9.5: 8 documentation, 14.6: 10
minimization of, 9.1-9.5: 8 Guide vanes, defined, 9.8: 50
Galvanic series of metals and alloys, 9.1-9.5: 9 f. Guideline for dynamics of pumping machinery, 9.6.8: 1
Galvanic series, 9.1-9.5: 8 introduction, 9.6.8: 1
Gap, defined, 4.1-4.6: 8 scope, 9.6.8: 1
Gas entrainment, 4.1-4.6: 15 Guides, 9.6.6: 23, 23 f.
Gas fraction. See Gas volume fraction GVF. See Gas volume fraction
Gas oil ratio (GOR), defined, 3.1-3.5: 25 Gyroscopic effect, defined, 9.6.8: 59
Gas vent valves, 7.1-7.5: 20 hacc. See Acceleration head
Gas volume fraction (GVF), 3.1-3.5: 51 Hands and fingers, caution regarding, 5.1-5.6: 38
defined, 3.1-3.5: 24 Hard irons, 12.1-12.6: 65, 92
Gases Hazen-Williams equation, 9.6.6: 14, 15

effect of dissolved gas in saturated solution on liquid Head (h)
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and increased viscosity, 9.6.7: 1

and preliminary selection of rotodynamic pump, 9.6.7:
16

calculating correction factors (example; metric units),
9.6.7: 11

calculating correction factors (example; US customary
units), 9.6.7: 13

calculating correction factors, 9.6.7: 8, 9f.

characteristic curves with viscosity correction factors,
9.6.7: 2, 3f.

characteristic curves, 9.6.7: 1

Head, defined, 1.1-1.2: 68, 2.1-2.2: 31, 11.6: 7, 12.1-12.6:

33
Head loss, 9.6.6: 13
and concentric reducers, 9.6.6: 4
and double suction pumps, 9.6.6: 4
and elbows, undesirable effects of, 9.6.6: 4, 5f.
and flow improvement devices, 9.6.6: 2, 30, 30 f.
and flow-disturbing pipe lengths, 9.6.6: 4
and piping-generated swirl, 9.6.6: 2
calculations, 9.6.6: 14
design, 9.6.6: 1, 2f.
factors affecting, 9.6.6: 14
function of, 9.6.6: 1
inlet (suction) piping and check valves, 9.6.6: 29
pipe size requirements, 9.6.6: 2
requirements, 9.6.6: 1
straight pipe length requirements, 9.6.6: 2, 3t., 4, 4f.
velocity requirements, 9.6.6: 2
Head ratio (Hr), defined, 12.1-12.6: 42
Head reduction factor (Rh), 12.1-12.6: 51
defined, 12.1-12.6: 42
Head shaft coupling, 2.3: 29 f., 29
Head. See Head loss; Operating head; Static head; Total
head
Heat, from drive section energy losses, 5.1-5.6: 19
Heavy-duty pusher seals, 12.1-12.6: 77, 79 f., 80 f.
Helico-axial pumps, 1.3: 123, 123f.
Hermetic integrity test, 5.1-5.6: 47
acceptance criteria alternatives, 4.1-4.6: 26
duration, 4.1-4.6: 26
objective, 4.1-4.6: 25
parameters, 4.1-4.6: 26
procedure, 4.1-4.6: 26
test fluid, 4.1-4.6: 26
test pressure, 4.1-4.6: 26
test temperature, 4.1-4.6: 26
Heterogeneous mixture, 6.1-6.5: 34
defined, 12.1-12.6: 39
Heterogeneous slurries, 12.1-12.6: 45
HI 40.6, 40.7: 2
HI Board, defined, 40.7: 1
HI Graphics Style Guideline, 40.7: 11
HI website, 40.7: 14
contents, 40.7: 14
defined, 40.7: 1
High temperature, 5.1-5.6: 30
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High-chromium iron, 12.1-12.6: 65
High-speed integral gear-driven pumps, 1.1-1.2: 2f., 6
High-speed integral gear, close coupled, single stage
pump, 1.1-1.2: 24 f.
High-viscosity liquids, 5.1-5.6: 30
HI-NEMA type C face-mounted motors, standard
dimensions, 1.1-1.2: 84
for HI-NEMA type HP and HPH vertical solid-shaft
motors (US customary units), 1.1-1.2: 89 t., 90 f.
for type JM, alternating current, face-mounting, close-
coupled pump motors (US customary units),
1.1-1.2:85t.
for type JP, alternating current, face-mounting, close-
coupled pump motors (US customary units),
1.1-1.2: 87 t.
for types JM and JP, alternating current, face-
mounting, close-coupled pump motors having
rolling element contact bearings, 1.1-1.2: 86 t.
Hollow-shaft driver, 2.1-2.2: 11
coupling dimensions, 2.1-2.2: 44 .
Hollow-shaft drivers, 2.1-2.2: 43, 2.3: 28 f., 28
Homogeneous flow, 6.1-6.5: 34
defined, 12.1-12.6: 40
Homogeneous mixture, 6.1-6.5: 34
defined, 12.1-12.6: 39
Homogeneous slurries, 12.1-12.6: 45
Horizontal end suction single-stage pumps, 9.6.2: 1
adjustment for alternate pump mounting, 9.6.2: 7
adjustment for grouted nonmetal baseplate with
anchor bolts, 9.6.2: 8
adjustment for spring-mounted metal baseplate,
9.6.2: 8
adjustment for stilt-mounted metal baseplate,
9.6.2: 7, 8f.
adjustment for ungrouted metal baseplate that is
anchored down, 9.6.2: 8
adjustment for ungrouted nonmetal baseplate that is
anchored down, 9.6.2: 8
criteria for loading allowances, 9.6.2: 3
driver/pump coupling alignment, 9.6.2: 3
fully grouted metal baseplate with anchor bolts,
9.6.2: 3
Groups 1, 2, and 3, defined, 9.6.2: 2
internal pump distortion, 9.6.2: 3
maximum nozzle stress, 9.6.2: 3
nomenclature, definitions, and coordinates, 9.6.2: 1,
2f.
nozzle load adjustment factors, 9.6.2: 7
pressure rating corresponding to temperature other
than that of contained liquid, 9.6.2: 3
pump hold-down bolts and fasteners, 9.6.2: 3
pump mounting, 9.6.2: 3
See also ANSI/ASME B73.1 pumps; ANSI/ASME
B73.3 pumps; ANSI/ASME B73.5M pumps
temperature of pressure-containing components, 9.6.2:
3
Horizontal pump, 6.1-6.5: 1f,, 1
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