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National foreword

This British Standard has been prepared under the direction of the Machinery
and Components Standards Policy Committee. It is identical with

ISO 8011 “Compressors for the process industry — Turbo types — Specifications
and data sheets for their design and construction” published by the International
Organization for Standardization (ISO).

Cross-references

International Standard Corresponding British Standard

ISO 262:1973 BS 3643 ISO metric screw threads

Part 1:1981 Principles and basic data
(Technically equivalent)

ISO 898-1:1978 BS 6104 Mechanical properties of fasteners

Part 1:1981 Specification for bolts, screws and studs
(Technically equivalent)

ISO 1000:1981 BS 5555:1981 Specification for SI units and
recommendations for the use of their multiples and of
certain other units
(Identical)

1SO 1219:1976 BS 2917:1977 Specification for graphical symbols used on
diagrams for fluid power systems and components
(Identical)

BS 1646 Symbolic representation for process measurement
control functions and instrumentation

ISO 3511-1:1977 Part 1:1979 Basic requirements
(Identical)

ISO 3511-2:1977 Part 2:1983 Specification for additional basic
requirements
(Technically equivalent)

ISO 3511-3:1984 Part 3:1984 Specification for detailed symbols for

instrument interconnection diagrams
(Technically equivalent)
TEC 85:1984 BS 2757:1986 Method for determining the thermal

classification of electrical insulation
(Identical)

The Technical Committee has reviewed the provisions of ISO 3989-1, ISO 5389,
and IEC 79 to which reference is made in the text, and has decided that they are
suitable for use with this British Standard. A related British Standard to IEC 79
is BS 5501.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages 1 to iv,
pages 1 to 104, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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0 Introduction

This International Standard contains two annexes in addition to the main text.

Annex A, which contains instructions subject to agreements in the contract, is given for information and
guidance only and is not an integral part of this International Standard.

Annex B, which contains the data sheets, is an integral part of this International Standard.

1 Scope

This International Standard specifies the technical requirements for the design and construction of
turbo-and related types of compressors used in the process industry. It also details the documentation
requirements.

2 Field of application

This International Standard applies to radial and axial flow turbo-compressors. It covers the minimum
requirements for such compressors handling air or gas, and which have a specific compression work of more
than 25 000 J/kg. It is recommended that this International Standard be used for other turbo-compressors
if the standards set by this International Standard are required for the particular application.

This International Standard also covers certain requirements for compressor drivers, drive equipment,
lubrication and sealing liquid systems, controls, instrumentation and auxiliary equipment.

The compressors to which this International Standard applies are not normally used for critical process
applications in refineries.

3 References

IS0 262, ISO general purpose metric screw threads — Selected sizes for screws, bolts and nuts.
ISO 898-1, Mechanical properties of fasteners — Part 1: Bolts, screws and studs.

ISO 1000, SI units and recommendations for the use of their multiples and of certain other units.
IS0 1219, Fluid power systems and components — Graphic symbols.

ISO 3511, Process measurement control functions and instrumentation — Symbolic representation —
Part 1: Basic requirements — Part 2: Extension of basic requirements — Part 3: Detailed symbols for
instrument interconnection diagrams.

IS0 3989-1, Acoustics — Measurement of airborne noise emitted by compressor units including prime
movers — Part 1: Engineering method for determination of sound power levelsV.

ISO 5389, Turbocompressors — Performance test codeV.
TEC Publication 79, Electrical apparatus for explosive gas atmospheres.
IEC Publication 85, Thermal evaluation and classification of electrical insulation.

VDI 2056, Verein Deutscher Ingenieure: BeurteilungsmalSstibe fiir mechanische Schwingungen von
Maschinen, VDI Richt-linie 2056, VDI GmbH Diisseldorf (D) 1964.

4 Unit system

SI units (Systéme international d’unités) are used throughout this International Standard (see ISO 1000).

However, in addition to SI units, this International Standard also uses some non-SI units accepted by
ISO 1000. These units are as follows:

— for pressure: bar (1 bar = 10° Pa)

— for volume: litre (1 litre = 10-3 m?®)

— for time: minute (1 min = 60 s)

— for time: hour (1h=3,6x10%s)

— for rotational speed: r/min (1 r/min = z—grad/s)

D At present at the stage of draft.
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5 Definitions

Ilustrations of various definitions are shown in Figure 1 to Figure 3.
5.1 General

5.1.1
oil-free, dry, compressor

a compressor where the medium being compressed is isolated from the lubricant system. The rotors,
synchronized by timing gears, do not touch each other or the casing and therefore require no lubricant in
the compression chamber. The air or gas is not contaminated by the lubricant nor any other liquid while
passing through the compressor

5.1.2
oil-free, liquid-injected, compressor

a compressor where the medium being compressed is isolated from the lubricant system but where a liquid
1s continuously injected into the compression chamber for the purpose of oil-free lubrication, cooling and
sealing. Any separation of the liquid from the air or gas is carried out after the gas-liquid mixture leaves
the compressor

5.1.3
oil-flooded compressor

a compressor where oil is continuously injected into the compression chamber. Any separation of the oil
from the air or gas is carried out after the gas-oil mixture leaves the compression chamber. Synchronizing
gears may not be required

5.1.4
standard inlet and discharge points
the points at the inlet and discharge flanges of the compressor

NOTE When the SUPPLIER provides piping or other parts between the points of demarcation, a separate agreement should be made
to define the inlet and discharge points.

5.1.5
arrangement sketch

a sketch to clarify, by the use of reference letters, the relative arrangement of the main components
(e.g. compressor casings, process stages, inter-coolers, gears and couplings)

5.2 Pressures

5.2.1

effective (gauge) pressure

the pressure measured with reference to atmospheric pressure

5.2.2
absolute pressure

the pressure measured with reference to absolute zero, i.e. with reference to an absolute vacuum. It equals
the algebraic sum of the atmospheric pressure and the effective pressure (static pressure or total pressure)

5.2.3
static pressure

the pressure measured in a fluid under such conditions that the fluid velocity has no effect on the
measurement

5.2.4
total pressure

the sum of the static and dynamic pressures

it designates the fluid condition at which the flow energy of the fluid is converted into pressure without any
losses in a stationary body of fluid. In a stationary gas, the static pressure and the total pressure are
numerically equal

Documents
9 V= o Bocyment Sharing Hub

Full document details: BS 7321:1990


http://www.avadocuments.com/doc/bs-7321-1990
http://www.avadocuments.com/doc/bs-7321-1990

BS 7321:1990

5.2.5
inlet pressure
the total mean absolute pressure at the standard inlet point

NOTE The total absolute pressure may be replaced by the static absolute pressure provided that the gas velocity and density are
sufficiently low.

5.2.6
discharge pressure
the total mean absolute pressure at the standard discharge point

NOTE The total absolute pressure may be replaced by the static absolute pressure provided that the gas velocity and density are
sufficiently low.

5.2.7
rated discharge pressure

the highest discharge pressure required to meet the conditions specified by the USER for the intended
service

5.2.8
design pressure
the maximum pressure which the component is designed to withstand safely

5.2.9
maximum allowable working pressure

the maximum operating pressure which the SUPPLIER’s design permits when handling the specified gas at
any service conditions specified for the compressor or any part to which the term is referred, such as an
individual stage

5.2.10
relief valve set pressure
the opening pressure on the inlet side of a relief valve

NOTE For a differential-type valve the set pressure is the pressure difference across the valve when opening commences. The
downstream pressure is termed the back pressure.

5.3 Temperatures

5.3.1
inlet temperature

the temperature at the standard inlet point of the compressor

5.3.2

discharge temperature

the temperature at the standard discharge point of the compressor
5.3.3

rated discharge temperature

the highest predicted operating temperature

5.3.4

maximum allowable working temperature

the maximum gas temperature which the SUPPLIER or USER permits in the compressor, when handling the
specified gas at any service conditions specified

5.3.5
design temperature

the extreme temperature level(s) which the compressor is designed to withstand safely
NOTE This covers gas, coolant and ambient temperatures.

5.3.6
casing design temperature range

the range of temperatures to which the compressor casing may be continuously subjected at the casing
design pressure
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5.4 Flow rate

5.4.1
actual volume rate of flow of a compressor (deprecated: “actual capacity”)

the actual volume rate of flow of gas compressed and delivered at the standard discharge point referred to
conditions of total temperature, total pressure and composition (e.g. humidity) prevailing at the standard
inlet point

5.4.2
standard volume rate of flow (deprecated: “standard capacity”)

the actual volume rate of flow of compressed gas as delivered at the standard discharge point, but referred
to standard conditions (for temperature and pressure)

5.4.3
inlet mass rate of flow

the mass flow of gas or gas mixture induced by the compressor at the standard inlet point(s)

5.4.4
discharge mass rate of flow

the mass flow of gas mixture delivered by the compressor at its standard discharge point(s)

5.4.5
surge limit

the flow limit below which stable operation of the compressor is not possible
5.5 Power

5.5.1
theoretical required power

in a compressor without losses, the power which is theoretically required to compress a gas according to
the chosen reference process, from a given inlet pressure to a given discharge pressure

5.5.2
driver coupling power

the maximum power required at the driver shaft, including losses in external transmissions such as gears
or belt drives when such transmissions form part of the SUPPLIER’s scope of delivery

5.5.3
shaft input power

the power required at the compressor shaft, excluding losses in external transmissions

5.5.4
rated driver power

the maximum power continuously available from the motor
5.6 Specific energy requirement

5.6.1
actual specific energy requirement

the shaft input power per unit of compressor actual volume rate of flow
5.7 Speed

5.7.1
compressor speed

the rotational speed of the impeller

5.7.2
rated compressor speed

the compressor speed necessary to meet the specified service conditions
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5.7.3
minimum allowable compressor speed

the lowest compressor speed at which the compressor may be continuously operated

5.7.4
maximum allowable compressor speed

the highest compressor speed at which the compressor may be continuously operated

5.7.5
100 % speed nq,

the speed necessary for operation at all the specified operating points

5.7.6
trip speed n,

the speed at which the prime mover is automatically tripped out

5.7.7
input drive shaft speed

the rotational speed at the coupling linking the driver and its gearbox to the compressor and its integrated
gearbox, if any

5.8 Operating point

5.8.1
specified operating point

any point at which the operation of the compressor is specified in the data sheets

5.8.2
normal operating point

the point at which the usual operation of the compressor is expected

5.8.3
rating point

the operating point, specified by the USER, at which the performance test data must comply with the
specified data

5.9 Plates (see Figure 2)

5.9.1
baseplate

a plate or structure supporting one piece of machinery, e.g. compressor, gear or driver

5.9.2
common baseplate

a plate or structure supporting more than one piece of machinery, e.g. compressor, gear or driver

5.9.3
soleplate

a plate or structure supporting one or more baseplates

5.9.4
mounting pad

a plate under an individual support point of a machine

6 Gas properties

For the computation of gas properties, the advice given in ISO 5389 shall be followed.

The USER shall indicate to the SUPPLIER in data sheet 202 whether the gas is to be considered as toxic,
flammable or corrosive and whether it contains solid impurities.
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upper critical speed, nep > 1,26 nqgg
impeller overspeed test, ng = 1,18 nyg
trip speed, n, = 1,125 nqgg

maximum continuous operating speed, nynay = 1,06 n4gg

100 % speed, nygg

minimum continuous operating speed, nmin
lower critical speed, ngq < 0,85 ni,
specified operating point, ®

normal operating range, ////

surge flow plus 5 %, — — —

a) Single-shaft turbine or expander drive

upper critical speed, ngp > 1,26 nygg
impeller overspeed test, ng = 1,21 nqgg
trip speed, n, = 1,105 nygg

maximum continuous operating speed, 71, = 1,05 nygg

100 % speed, nqqg

minimum continuous operating speed, Nyin
lower critical speed, ngq < 0,85 ni,
specified operating range, ®

normal operating range, ////

surge flow plus 5 %, —_—

b) All drives involving a split-shaft gas turbine

upper critical speed, ngy > 1,2 nygg
impeller overspeed test, ng = 1,12 nygg
100 % speed (synchronous speed-slip), nqgg

minimum continuous operating speed, n, (= nygg for fixed-speed

motors)
lower critical speed, ngy < 0,85 nppi,
specified operating point, ®

normal operating range (variable-speed motors),

surge fiow plus 5 %,

Electric motor drive

Figure 1 — Illustration of various definitions in terms of a) a single-shaft turbine or expander
drive, b) all drives involving a split-shaft gas turbine and c¢) an electric motor drive
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7 Basic requirements
7.1 General

7.1.1 In the case of conflict between this International Standard and the enquiry or order, the information
included in the order shall govern. The completed data sheets form part of the order.

7.1.2 Any documentation pertaining to the enquiry, proposal or order is of a proprietary nature and shall
not be divulged to a third party except as may be necessary for the execution of the proposal or the contract.
7.1.3 The approval of documents (drawings) does not constitute permission to deviate from the order
requirements unless specifically agreed upon in writing. Any such approval does not release the respective
party from his contractual responsibilities.

7.1.4 The responsibilities with respect to the drive train co-ordination shall be defined prior to the contract.
7.1.5 For budget proposals, the short-form data sheets may be used.

7.2 The enquiry

7.2.1 The USER shall complete the data sheets to the extent possible and specify not only all process
requirements, flow rate control and any known abnormal conditions but also, where this International
Standard provides a choice or requires that a decision be made, all other items necessary for the SUPPLIER
to make out his proposal.

7.2.2 The USER shall indicate the relevant design and safety codes and the exceptions to, or deviations from,
those codes which he wishes the SUPPLIER to comply with.

7.2.3 The USER shall indicate in the data sheets the major spare parts he wishes to be included in the
proposal.

7.3 The proposal

7.3.1 The SUPPLIER shall include the data sheets in his proposal, completed as applicable and as indicated
by the USER, amplifying these as necessary to describe clearly the nature of his supply.

Unless otherwise specified in the enquiry, the SUPPLIER shall quote only for the instrumentation listed as
mandatory in 12.6 and shall supply equipment to his own standard.

Items not listed in the enquiry, but which are considered to be desirable by the SUPPLIER, shall be indicated
in his proposal.

7.3.2 The proposal shall state the delivery time as being from the date of receipt of an order, on the basis
that the information necessary to proceed with manufacture is received by the SUPPLIER in due time

(see A.4.1).

7.3.3 The SUPPLIER shall describe the compressor flow rate control system and shall state the limits of his
supply.

7.3.4 The proposal shall include either a specific statement that all equipment is in strict accordance with
the USER’s specifications or a specific list of deviations therefrom. Deviations may include alternative
designs equivalent to those specified.

7.4 Ratings
7.4.1 Performance rating
7.4.1.1 Constant-speed compressors

The flow rate shall be within +8 Z//z

NOTE Larger tolerances may be required for machines with a low flow rate or which handle certain gases (e.g. helium).

The specific energy requirement shall not exceed the rated value by more than 4 % at the rating point
specified in the data sheets. Losses in external transmissions, such as gears, shall be stated in the data
sheets.

of the rated flow specified in the data sheets.

7.4.1.2 Variable-speed compressors

The specific energy requirement shall not exceed the rated value by more than 4 % at the rating point
specified in the data sheets.

Where changes in specified speeds beyond n,,,, are required to meet the rating point, the operating speed
range of the compressor shall be adjusted as agreed between the SUPPLIER and the USER, provided that the
mechanical integrity of the machine remains unaffected.
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7.4.2 Tests
Test procedures shall be in accordance with ISO 5389 (see A.1.3.6).
7.5 Noise limitations

7.5.1 The limitations, if any, on airborne noise emission levels of the compressor and its accessories shall
be indicated by the USER at the time of enquiry. It shall be the USER’s responsibility to consider any noise
specifications that may be applicable at the plant site when stating his requirements to the SUPPLIER. The
latter shall not be liable for any cost incurred owing to incomplete USER’s requirements.

7.5.2 The maximum permissible A-weighted sound power level in decibels re 10712 W for the relevant octave
bands of the noise output of the compressor and its accessories shall be stated by the USER in his enquiry.

The SUPPLIER shall state in his proposal the expected A-weighted sound power level, in decibels, of the main
components in his supply.

7.5.3 The methods of measurement and interpretation shall be as stated in ISO 3989-1.

The responsibility for carrying out noise tests on site shall be agreed between the USER and the SUPPLIER
and shall be stated in the data sheets.

NOTE The sound pressure level in a compressor room depends on the sound power emission from the machines installed and the
acoustic properties of the room. It is therefore not possible for the SUPPLIER to predict the final sound pressure levels which will be

present on site.

7.5.4 The SUPPLIER shall quote separately for any noise-abating treatment, other than that normally built
into the equipment, necessary to comply with the noise limitations imposed.

7.5.5 If silencers to comply with these limitations are supplied by the USER, the SUPPLIER shall indicate the
respective noise levels at his limits of supply.

7.5.6 Silencers and valves shall be located relative to each other in the piping system in such a way as to
avoid any undesirable mutual influence during any operating condition of the compressor. This shall be by
mutual agreement between the SUPPLIER and the USER.

7.5.7 Any special noise measurements (e.g. in pipes) shall be performed as agreed between the USER and
the SUPPLIER.

8 Compressor
8.1 General

8.1.1 Compressors and auxiliary equipment shall be designed for continuous operation at all specified
operating points for at least 3 years, taking into consideration the start-up, shut-down and momentary
surge conditions.

It is recognized that this is a design criterion and that continuous operation for this period of time involves
factors that are beyond the SUPPLIER’s control.

8.1.2 The number and arrangement of the machine casings, including the driver and auxiliaries, shall be
agreed upon between the USER and the SUPPLIER of the equipment.

8.1.3 The layout and structural detail of the compressor unit, including the auxiliaries, shall be planned so
that sufficient space is available for operating and maintenance purposes.

8.1.4 The SUPPLIER shall specify and supply with the compressor all the special tools and equipment
required to assemble the components. Special equipment required for barrel-type compressors shall be
included. The main parts, such as casing components and bearing housings, shall be provided with centring
spigots, alignment dowels etc. so that precise alignment within a machine is ensured on reassembly using
the original parts.

To facilitate assembly and dismantling, lifting rings, eye bolts, jacking screws or similar devices and guide
pins shall be provided. Where jacking screws are provided, precautions shall be taken to avoid damage to
sealing surfaces. Tapped holes for eye bolts shall have the thread form clearly identified by adjacent
stamping etc., to avoid the possibility of fitting incorrect eye bolts.

8.1.5 The control equipment, bearing arrangements, shaft seals and oil system shall be designed such that
the penetration of moisture, dust and foreign bodies is minimized whilst the compressor and auxiliary
equipment are both in service and at rest.

8.1.6 The compressor and auxiliary equipment shall be suitable for the local and climatic site conditions as
specified by the USER on data sheet 203.
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It shall be possible to drain, at rest, all parts of the casings and pipes where water can collect.

All parts and systems that could malfunction or be damaged by specified low temperature conditions shall
be properly protected from so doing.

The SUPPLIER shall indicate any protection necessary, such as heat tracing or insulation, to be supplied by
the USER.

Lubricating oil and control oil at the correct temperature shall be available at the points of consumption at
start-up.

8.1.7 All welded connections (structural welds) on casings, pressure-containing castings and pipes, and
repair welds shall be undertaken in accordance with the following conditions:

a) the materials shall be suitable for welding and the filler metals shall be compatible with the parent
metal;

b) the welding process shall be selected according to the material properties, workpiece thickness and
stress on the welded connection;

c¢) for welds requiring inspection authority approval, welders shall be suitably qualified by an agreed
authorizing body (see also 8.2.3);

d) unless otherwise specified, all welds (including repairs) shall be carried out at the SUPPLIER’s
discretion and in accordance with his own practice.

8.1.8 The USER shall indicate in the data sheets those components where his approval is required prior to
repairs being undertaken by the SUPPLIER.

8.2 Casing

8.2.1 The SUPPLIER shall state in the proposal whether the compressor has a horizontally or vertically split
casing.

8.2.2 The casing and the casing nozzles shall be designed for the casing design pressure, taking into

consideration the hydrostatic test pressure; the casing may be subdivided into chambers for design
calculations and testing. (For interstage diaphragms see 8.7.)

For casings not made from corrosion-resistant materials, a suitable corrosion allowance shall be added to
the wall thickness.

8.2.3 Structural welds that connect casing parts shall be stress relieved. (For pipes welded to the casings
see 8.5.)

8.2.4 Cast iron casing repairs by welding, brazing or cramping are permitted if agreed between the
SUPPLIER and the USER. Minor defects in cast iron casings may be repaired with screwed plugs.

Repair welding of steel casings is permitted if the execution and post-weld treatment are properly
conducted (see also 8.1.7 and 8.1.8).

8.2.5 Unless otherwise agreed between the SUPPLIER and the USER, the casing material shall be selected in
accordance with the following considerations.

a) Steel shall be used if
1) the casing design pressure is above 64 bar;
2) the maximum calculated operating temperature in the casing is above 260 °C.

b) For temperatures below — 40 °C, special grade high impact strength materials shall be used, as agreed
between the SUPPLIER and the USER.

c) For corrosive, toxic or flammable gases, the USER shall state in the enquiry any special requirements
concerning the casing materials and design.

d) For pressures up to 64 bar nodular cast iron may be used.

e) For pressures up to 32 bar grey cast iron may be used.
8.2.6 Cast iron casing joints shall be of the flat-faced or double-raised-face type.
The use of sealing compounds is permissible.

Documents
Document Sharing lf'fb

© BSI 04-2000

Full document details: BS 7321:1990


http://www.avadocuments.com/doc/bs-7321-1990
http://www.avadocuments.com/doc/bs-7321-1990

BS 7321:1990

8.3 External forces and moments

The SUPPLIER shall specify the casing nozzle displacements due to thermal movements of the compressor,
and the permissible forces and moments on the casing nozzles to which the USER has to connect. These
forces and moments shall not affect the safe operability of the compressor under any specified operating
condition, including standstill (misalignment, internal clearances, stresses in casings and flanges etc.).
Sole responsibility for the layout of the piping systems and their calculation on the basis of the nozzle
displacement and permissible forces and moments shall be taken by the furnisher of the piping system who
shall ensure that the permissible values are not exceeded. The result of the piping calculations shall be
transmitted to the SUPPLIER. This does not affect the aforementioned responsibility of the piping furnisher.

8.4 Bolted connections
8.4.1 All threads shall be metric in accordance with ISO 262 unless otherwise agreed.

8.4.2 Threaded holes for bolts shall be kept to a minimum. Studs are to be preferred to cap bolts. Threaded
holes shall not penetrate into pressure areas and the remaining base metal shall be thick enough to prevent
any possibility of leakage; this thickness shall in any case be at least half the nominal bolt diameter.

8.4.3 The casing bolt materials shall be selected according to the casing design temperature range. At
temperatures between — 20 and + 300 °C bolts of grade 4.6 shall be used for cast iron and of grade 5.6 for
cast steel in accordance with ISO 898. For higher and lower temperatures, and for corrosive media,
materials for bolts and nuts shall be selected according to the standards in the SUPPLIER’s country, or
equivalent.

8.5 Casing apertures for pipe connections

8.5.1 Inlet and discharge pipes shall be flanged and the connections shall be oriented as specified in the
order. Unless otherwise specified, the SUPPLIER’s standard design shall be used.

8.5.2 For the auxiliary piping connections on the casing, glands and bearing housings, flanged connections
shall have a minimum inner diameter of 20 mm. If, for reasons of space, piping connections cannot be made
as flanged connections, intermediate pieces of seamless steel tubing, inserted between the casing and the
flanged connection, of the same nominal diameter as specified for the flanged connection, are permitted.

The intermediate pieces may be screwed into the casing wall. For oil, and toxic, corrosive or flammable
gases, these screwed connections shall be brazed to cast iron casings or welded to steel casings. Threadless
welding of intermediate pieces larger than 50 mm is also permissible provided that such welds are stress
relieved. Screwed connections with gaskets are permitted for non-flammable and non-toxic gases and
liquids (see Figure 4). The USER shall specify in the data sheets which of these procedures is not acceptable
in certain instances.

These conditions are applicable to the following auxiliary connections:
a) vent openings;
b) drain openings on casings and seals;
c¢) sealing gas connections and gas balancing pipes;
d) sealing fluid connections;
e) connections for liquid-injection equipment;
f) lubricating oil connections;
g) cooling water connections.

These conditions shall not apply to pipes, both ends of which are welded or brazed to the casing, forming
an integral part of it (e.g. balance lines).
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Figure 4 — A screwed connection to casing for non-flammable and non-toxic gases and liquids

8.5.3 Unless otherwise agreed, connections for control oil and pressure measuring lines may be made on
the casing and on glands with a minimum inner diameter of 12 mm. For toxic, corrosive and flammable
media, flanged connections shall be used.

Thermometer wells shall be used for the installation of thermometers in spaces containing gas. Their use
1s recommended in all other instances.

8.5.4 All flanges to which connections are made by the USER, or another furnisher commissioned by him,
shall be executed in accordance with the standards specified by the USER in the enquiry. Alternatively the
mating flanges shall be provided by the SUPPLIER.

All flanges to which auxiliary pipes supplied by the SUPPLIER are connected may be executed in accordance
with the SUPPLIER’s own standard.

8.5.5 Unless otherwise agreed, the construction of the flange sealing surfaces shall be of the standard
design specified by the respective flange standard.

8.5.6 Threaded openings to which no pipe is connected shall be sealed with cylindrical steel plugs (welded,
brazed or screwed). Screwed plugs shall be seal welded or brazed or shall have a metallic flat face seal. In
the case of corrosion-resistant casings, corrosion-resistant plugs shall be used.

8.6 Rotor
8.6.1 Shafts

The shafts or tie-rods, if any, shall be made of forged steel or equivalent. Protective shaft sleeves are
permitted.

If the couplings are supplied by a third party, agreement shall be reached between the SUPPLIER and the
coupling furnisher to ensure proper matching of the shaft end with the coupling bore.

8.6.2 Impellers for centrifugal compressors

Impellers of the open or closed design may be used. The impellers shall be firmly fitted to the shaft or to
each other and centred so that they cannot alter the rotor balance up to the trip speed at the maximum
operating temperature. Shrink fits without keys are permitted.
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8.6.3 Rotors for axial flow compressors

The rotor may be designed as a one-piece unit, as a shaft with shrunk-on discs, as a combination of both
types, or as an assembled or welded drum or disc rotor. The conditions given in 8.6.2 shall apply to the
securing of the rotor parts.

8.6.4 Blades of axial flow compressors

The design shall be such as to avoid any undesirable blade resonances over the specified operating speed
range, taking account of the necessary starting procedure and any other likely transient condition.

8.6.5 Rotor materials

In selecting rotor materials the SUPPLIER and the USER shall agree on all factors affecting material
properties (e.g. the presence of H,S).

8.7 Diaphragms, diffusers, guide vane carriers and attached coolers

Interstage diaphragms shall be suitable for all specified operating conditions including start-up, shut-down
and momentary surge. Where diaphragms separate chambers with external flow connections, the USER
shall specify the maximum differential pressure that may occur during operation or shut-down of the
compressor. Unless otherwise specified, diaphragms, diffusers and guide vane carriers may be made of cast
iron. Diffuser passages and return channels shall be free from any obstructions (e.g. casting irregularities).
Coolers connected directly to the compressor casing may have cast or welded casings.

The design pressure shall be used for the gas side. The design of the cooling water side shall be in
accordance with 10.2.2.

8.8 Labyrinth seals

8.8.1 Internal seals between fixed and rotating parts shall be equipped with labyrinths. The labyrinth tips
may be mounted on the fixed or on the rotating parts. They shall be designed such that they may be
replaced easily. With fixed tips, protective sleeves on the shaft are permitted.

8.8.2 In selecting labyrinth materials the SUPPLIER and the USER shall agree on all factors concerning the
gas composition and operating conditions.

8.9 Thrust balance piston and balancing line

8.9.1 For single-inlet, multi-stage radial flow and axial flow compressors, a thrust balance piston with
balancing line is desirable to limit axial thrust bearing loading.

8.9.2 For double-inlet compressors, or compressors in which the flow is guided in opposite axial directions
by individual stages or groups of stages, a thrust balance piston may be omitted or an intermediate seal
between two compression stages can take over the function of the thrust balance piston. A balancing line
is then unnecessary.

8.9.3 The thrust balance piston shall be designed as a labyrinth seal in accordance with 8.8.

8.9.4 The balance line shall be sized, as a minimum, to handle a balance piston labyrinth gas leakage
corresponding to twice the design clearance, without exceeding the load rating of the thrust bearing.

8.10 Bearings and bearing housings

8.10.1 Except for compressors with overhung impellers, the bearings shall be replaceable without removing
the upper casing half of a horizontally split machine or the end cover of a vertically split unit.

The bearing housings may be cast integral with the compressor casing or connected to the compressor
casing as separate components. Care shall be taken to ensure reliable and repeatable centring of the
bearing housings.

8.10.2 The radial bearings shall be designed as journal bearings in accordance with the SUPPLIER’s
standards. Bearings shall be designed to maintain oil film stability at any operating condition up to and
including the trip speed.

8.10.3 The thrust bearing shall be of the double-acting type. For the main load direction, the bearing should
preferably be a tilting pad unit. The thrust bearing shall be sized to take additional external loads
transmitted through the coupling. If gear-type couplings are used, a minimum friction coefficient of 0,15
shall be used to calculate the axial thrust transmitted. The SUPPLIER shall obtain the necessary data from
driver, gear and coupling furnishers to enable him to size the thrust bearing. The thrust collar may be
integral with the shaft or replaceable; if of the latter type, it shall be fitted to the shaft without clearance.
If start-up under axial load is required, the thrust bearing shall be suitably designed.
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The compressor shall be equipped with an appropriate sensing device to detect either a change in the thrust
load or an axial displacement of the shaft.

8.10.4 Bearing housings shall be designed in such a way that vibration-measuring instruments may be
fitted. In addition, provision should be made for at least one non-contact vibration probe on or near each
line bearing. If two probes are used, they should be circumferentially spaced between 80° and 100° apart.

8.10.5 Forced-feed lubrication shall be provided for all compressor bearings. Care shall be taken to ensure
minimum foaming and generous lubricant return line cross-sections. If the gas being handled can affect the
properties of the lubricant or the bearing materials, special precautions are necessary. The USER shall
inform the SUPPLIER thereof.

8.11 Shaft seals

8.11.1 The type of seal shall be agreed between the SUPPLIER and the USER. The USER shall inform the
SUPPLIER of all adverse conditions under which the seal has to operate.

8.11.2 Dangerous and hazardous gases shall not be allowed to escape into the surrounding atmosphere
during normal operation; they shall be reliably and safely discharged from the compressor.

8.11.3 Depending on the requirements to be met by the seal during operation or at rest, the use of the
following types of seal is acceptable:

a) labyrinth seals;

b) segmental ring seals;

¢) mechanical contact seals;

d) floating ring seals;

e) self-acting gas seals.
The seals should be fitted so that they are easily accessible and replaceable.
8.12 Critical speeds
8.12.1 Lateral critical speeds

Lateral critical speeds shall be calculated with due allowance for external factors, such as the type of
coupling, and the bearing and bearing support properties, and shall lie within the ranges defined

in Table 1.
Table 1 — Lateral critical speeds
Drive Electric motor Turbine or expander
Stiff shaft design n, = 1,2 nyg n. = 1,26 nqq
. . ney < 0’85 N min ey < 0785 Npin
Flexible shaft design
Ny = 1,2 nygq Ny = 1,26 nygg

See also Figure 1.

NOTE There are applications where the wide operation range of the process can only be covered by deviation from the criteria given
in Table 1. In such cases other criteria may be applied by agreement between the SUPPLIER and the USER and the SUPPLIER should
demonstrate the suitability of the compressor.

8.12.2 Torsional critical speeds

Unless otherwise specified, the SUPPLIER need only carry out a torsional analysis of the system if the
compressor 1s motor or engine driven. If torsional natural frequencies lie in the range of excitation
frequencies, the SUPPLIER shall ensure that no harmful forces occur in the most highly stressed parts.

The furnishers of the motors, couplings and gears shall provide the SUPPLIER with the pertinent data to
enable him to complete the torsional analysis.

8.13 Vibration

If specified in the enquiry, compressors shall be subject to the vibration requirements detailed hereafter.
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8.13.1 Measuring techniques

The following methods may be used to determine the radial vibration levels of the compressor (as specified
in 8.13.2 and 8.13.3):

a) measurement of shaft vibration with non-contact-type pick-ups mounted adjacent to the journal
bearings;

b) measurement of bearing housing vibration with contact-type pick-ups fastened to the bearing
housings.

8.13.2 Acceptable vibration levels

Vibration acceptance testing shall be carried out during the mechanical running test of the compressor. The
limits shall not be exceeded between the minimum and maximum continuous speeds. The mechanical
run-out of the shaft diameter, where the vibration is measured with respect to the bearing journal, and the
electrical run-out due to non-homogeneity of the shaft material at the point of measurement may be
subtracted from the reading to obtain the net shaft vibration.

If non-contact probes are used, measurements shall be taken with two pick-ups at each line bearing
circumferentially spaced between 80° and 100°. Whilst it is emphasized that the permissible limit must be
agreed between the SUPPLIER and the USER, Figure 5 is given to provide a guideline to the order of
magnitude of the maximum shaft movement. It must be appreciated, however, that different bearing
designs are characterized by different shaft movements; for example, a tilting-pad bearing usually permits
less shaft movement than indicated by the guideline, whilst an elliptical bearing can allow more shaft
movement in the horizontal plane. Such factors shall be considered when setting permissible shaft
movements for a specific machine.

If contact-type pick-ups are used, they shall permit measurement in two perpendicular planes, and the test
procedure and acceptance criteria as stated in guideline VDI 20562 apply. The applicable vibration
frequency (abscissa in charts of VDI 2056) shall correspond to the 100 % shaft speed. As a guide to the order
of magnitude of the permissible maximum bearing housing vibration, the line separating the “good” from
the “permissible” regions shall be used.

It is normal practice to follow the SUPPLIER’s standard procedure for the interpretation of the measured

levels. Vibration monitoring instrumentation, if provided (see 8.13.3), shall be in operation during this test,
whenever possible.

8.13.3 Vibration monitoring

If required by the USER, vibration monitoring during normal operation of the compressor shall be
undertaken using method a) or b) (specified in 8.13.1), as specified in the contract, using one pick-up per
compressor. The pick-up which should preferably be used is that which gave the greatest readings during
the mechanical running test.

8.13.4 Alarm and trip levels

Since the variation rather than the absolute magnitude of the vibration levels is indicative of possible
machine deterioration, the alarm and trip levels of the monitoring system, if provided, shall be set with
respect to the values actually measured and logged during the vibration acceptance test and not with
respect to the maximum acceptable levels given in Figure 5. The trip level shall be specified by the
SUPPLIER.

8.13.5 Vibration signature

It is recommended that the vibration signature of the compressor be established by frequency analysis with
the machine running at its normal operating point. The signature so obtained can be used for initial and
future diagnosis of machine trouble.

8.14 Balance

Rotor assembly and balancing shall be carried out in such a way that the rotor is virtually free from inner
couples and that the vibration criteria of 8.13.2 are met. Balancing shall be carried out in at least two
reference planes.

2) Verein Deutscher Ingenieure: BeurteilungsmafBstibe fiir mechanische Schwingungen von Maschinen, VDI Richtlinie 2056,

VDI GmbH Diisseldorf (D) 1964.
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Couplings and their spacers shall be dynamically balanced independently of the rotor. Whilst balancing the
complete rotor, no corrections shall be applied to the coupling halves.

Balancing shall not be achieved by welding.
8.15 Baseplate or soleplate

8.15.1 A common baseplate, soleplates or mounting pads, that may be rigidly connected to the foundation,
shall be provided for the compressor or for the compressor and gear unit. Foundations shall be executed in
accordance with the relevant specifications.

8.15.2 The soleplates or baseplates shall have machined surfaces for satisfactory seating of the parts of the
plant mounted on them. In addition, aligning plates, machined on both sides or made of multiple layers,
are permissible between the machine and the baseplate or soleplate.
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Figure 5 — Guideline to the order of magnitude of the permissible maximum shaft movement

8.15.3 Jacking screws or shims for adjustment of the vertical position of baseplates or soleplates on the
foundation shall be supplied.

8.15.4 If necessary, openings for grouting shall be provided in the baseplates or soleplates with a diameter
of not less than 100 mm. They shall be arranged so that oil cannot collect above exposed grouting.
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8.16 Injection devices

8.16.1 If the compressor is to be equipped with injection devices, this shall be stated in the order so that
the necessary bosses can be provided on the compressor casing.

8.16.2 For the injection of liquid, nozzles shall be provided and fitted in such a way that a uniform fine
distribution of the liquid in the gas stream is obtained.

8.16.3 A compressor equipped with an injection system shall be provided with adequate drainage facilities.
8.16.4 Unless otherwise agreed, the supply shall comprise

a) built-in injection nozzles with preceding isolating and setting valves;

b) drainage pipes with isolating valves; the pipes end in the region of the baseplate or soleplate.

8.16.5 To avoid damage to the compressor, the SUPPLIER shall provide complete instructions on the
operation of the injection system as well as on the maximum permissible amount of injection liquid.

8.17 Rating plates and rotation arrows

8.17.1 The direction of rotation shall be agreed with the furnisher(s) of the driver and gear unit. Either
rotation arrows shall be cast on the casings of the compressor and gear unit or the direction of rotation shall
be marked by arrows made of corrosion-resistant material on the compressor and gear unit.

8.17.2 The compressor shall be identified by a rating plate made of corrosion-resistant material. The rating
plate shall give at least the following data:

a) manufacturer’s name;

b) manufacturer’s serial number;

¢) manufacturer’s model number;

d) year of manufacture;

e) inlet volume rate of flow, in cubic metres per second;

f) maximum allowable working temperature, in degrees Celsius;
g) maximum continuous speed, in revolutions per minute;

h) prohibited speed ranges, in revolutions per minute;

1) casing design effective pressure, in bars.

The USER shall inform the SUPPLIER of any local regulations requiring additional data to be inserted on the
rating plate.

9 Drivers and drive equipment

9.1 Drivers
9.1.1 General

The type of driver shall be specified by the USER. It shall be sized taking into account the power losses in
gear units and/or fluid coupling. The breakaway and starting torque of the driver shall exceed the
compressor torque/speed requirements.

Changes in power and speed due to foreseeable changes in the gas properties and conditions of service of
the gas being handled by the compressor shall be specified to the manufacturer of the driver by the
SUPPLIER, as stated by the USER in the data sheets.

For oil supply see 11.1.3.
For noise see 7.5.
9.1.2 Steam turbine

Unless otherwise agreed, the steam turbine serving as the main drive unit shall be designed to meet the
following conditions.

a) It shall be capable of producing continuously a rated driver power which is at least 110 % of the
necessary power at each specified operating point and at the corresponding speeds as indicated in data
sheet 201. Unless otherwise specified, this condition shall be met under the specified normal inlet and
exhaust steam conditions.
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b) At certain specified operating points, which shall be indicated by the USER in the enquiry, the turbine
shall be capable of producing continuously 100 % of the necessary power under the minimum continuous
operating steam inlet and the maximum continuous operating exhaust conditions.

¢) The turbine shall be suitable for continuous operation at all speeds between the minimum and
maximum continuous operating speeds of the compressor.

9.1.3 Motor

The motor shall be capable of producing continuously a rated driver power which is at least 115 % of the
calculated power at each specified operating point and at the corresponding speeds as indicated in the data
sheets.

Area classification and other design characteristics shall be as specified in the data sheets.

To enable the SUPPLIER to conduct torsional analyses, the motor manufacturer shall provide the SUPPLIER
with the pertinent dynamic characteristics of the motor (see 8.12.2).

9.1.4 Gas turbine
Gas turbine drivers shall be sized by mutual agreement between the SUPPLIER and the USER.
9.1.5 Expansion turbine

If the expansion turbine is the sole driver of the compressor, its design with regard to power and speed shall
be as specified for the steam turbine (see 9.1.2).

9.1.6 Other cases

In all other cases, the sizing and operation of the drivers shall be agreed between the SUPPLIER and the
USER.

9.2 Gears

9.2.1 Parallel shaft gears and pinions shall be of the helical or double-helical type. Spur-type gears may be
used 1n epicyclic gear drive systems. The tooth shape shall be the responsibility of the manufacturer.

9.2.2 Although there are no universally accepted calculation and design procedures available for gears,
Table 2 should be used as a guide when selecting a gear unit. Future International Standards will provide
a basis for these calculations.

9.2.3 The gear unit shall be capable of continuous operation at the maximum continuous speed of the
compressor for a minimum of 100 000 h at no less than the rated gear torque multiplied by the appropriate
application factor in Table 2. The rated gear torque (in newton metres) is greater than or equal to the
highest torque resulting from the gear input power (in kilowatts) and the gear input speed (in revolutions
per minute) combinations at any specified operating point (see 9.1.2 and 9.1.3) and shall be computed in
accordance with the following formula:

30 000  gear input power

rated gear torque > -
T gear input speed

The gear input power is normally equal to the rated driver power. For gears (e.g. between casings) not
transmitting the full driver power, the gear input power shall be calculated on an equivalent basis.

9.2.4 The application factors given in Table 2 are recommended values.
Table 2 — Application factors

Type of drive Application factor

Steam or gas turbine; turbo-expander 1to1,2

Electric motor with a starting torque ratio as indicated in data sheet 404, but |1 to 1,2
not greater than 2

Synchronous motor with an oscillating torque (peak value) during start-up and |1,2 to 1,5
other transients (for torsional analysis, see 8.1.2.2) of less than five times the
rated gear torque (see 9.2.3)

Reciprocating engine with a continuous torque fluctuation of less than five 1,3to 1,6
times the rated gear torque (see 9.2.3)
All other cases To be agreed with gear
manufacturer
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9.2.5 Thrust bearings, if provided, shall be sized to absorb the axial thrust transmitted by friction in the
couplings as well as any axial gearing forces. For the sizing of thrust bearings, see 8.10.3.

9.2.6 The rotating parts of the gear shall be dynamically balanced in accordance with the requirements
of 8.14.

9.2.7 Lateral critical speeds of the low-speed shaft shall not be within £+ 15 % of the high-speed shaft speed,
and vice versa, at any specified operating point.

9.2.8 The lubricating oil quality shall be agreed with the gear unit manufacturer.

9.2.9 The directions of rotation of all shafts shall be clearly shown by directional arrows, either cast-on or
made of corrosion-resistant material, on the gear casing.

9.2.10 For noise see 7.5.

9.3 Couplings

9.3.1 Solid or flexible couplings may be used between the compressor, the gear unit and the driver. For
coupling speeds over 2 000 r/min, the metallic parts of the couplings shall be made of steel. Cast iron shall
not be used in couplings.

9.3.2 The coupling shall be designed to be capable of continuous operation for a minimum of 100 000 h at
no less than the rated coupling torque multiplied by the appropriate application factor given in Table 2.
The rated coupling torque shall be computed on an equivalent basis to the rated gear torque (see 9.2.3).

9.3.3 Couplings shall be designed to allow uncoupled operation of the drive shaft.

9.3.4 In the design of gear-type couplings with continuous lubricating oil spray, care shall be taken to avoid
sludge build-up in the coupling. The lubricating oil filtration rating shall be agreed with the coupling
manufacturer.

9.3.5 Coupling spacers shall be removable for access to both coupling halves, bearings and external shaft
seals without dismantling the compressor, gear or motor.

9.3.6 Prior to the contract, the SUPPLIER and the USER shall reach agreement regarding who is to supply
the couplings between the driver and the compressor and who is responsible for the balancing and assembly
work on the couplings (see also 8.14).

9.3.7 Coupling bolts shall be selected by mass to permit interchange without altering the balance.

9.3.8 Non-integral coupling halves shall be mounted by cylindrical or conical shrink-fits. Shaft keys are
permitted. If two shaft keys are used they shall always be installed in diametrically opposed locations for
reasons of balance and ease of replacement.

9.3.9 Each coupling shall be guarded in such a way that it can be readily inspected and dismantled. This
also applies to the couplings of auxiliary drives. If a coupling has lubricating oil inlet and outlet pipes, these
pipes shall meet the specifications for auxiliary pipes (see 10.7).

9.3.10 It shall be stated in data sheet 401 whether limited end-float couplings are required or not.

10 Auxiliary equipment
10.1 General

10.1.1 All auxiliaries which come within the scope of pressure vessel codes (including gas coolers, silencers,
separators and traps) shall be designed, manufactured, inspected and tested in accordance with any
recognized code stated by the SUPPLIER in data sheet 207, unless the USER specifically invokes a particular
code at the time of enquiry.

10.1.2 Where carbon steel surfaces in gas coolers, silencers, separators, traps or other auxiliaries are
exposed to water or other corrosive media, then a minimum corrosion allowance of 3 mm shall be
incorporated on all such surfaces. This requirement does not apply to cooler tubes. Alternative methods of
protection shall be agreed between the SUPPLIER and the USER.

10.1.3 Design pressures of auxiliaries as referred to in this International Standard shall follow the
definition of the casing design pressure (5.2.8) unless otherwise specified.

10.1.4 Design temperatures of auxiliaries as referred to in this International Standard shall follow the
definition of the compressor casing design temperature range (see 5.3.6), using the upper value unless
otherwise specified.
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10.1.5 Threaded openings to which no pipe is connected shall be sealed with cylindrical steel plugs (welded,
brazed or screwed). Screwed plugs shall be seal welded or brazed or shall have a metallic flat face seal. In
the case of corrosion-resistant casings, corrosion-resistant plugs shall be used.

10.2 Gas coolers

10.2.1 Shell-and-tube or air-blast coolers may be used. Shell-and-tube-type coolers shall have removable
tube bundles and channel covers.

10.2.2 The cooling water side of gas coolers shall be designed for the water pressure specified by the USER,
but for an effective pressure of at least 4,5 bar and for vacuum.

NOTE In special applications (e.g. where chlorine is used) it may be desirable to keep the water pressure below the gas pressure.
10.2.3 Where intercoolers are an integral part of the compressor casing, they shall be subject to the criteria
of 8.2 (see also 8.7).

10.2.4 The fouling factors for both water and gas sides should be agreed between the SUPPLIER and the
USER. If not agreed, the fouling factors given in Table 3 shall be used for the water side.

Table 3 — Fouling factors

Fouling fact
Water our;lr;.%{/ve‘l]c or
Closed circuit (treated) 0,85 x 10
Normal cooling tower 1,7 x 10+
Brackish 3,4 x 10

10.2.5 A minimum water velocity through the tubes of 1 m/s shall be maintained. The maximum velocity
shall be determined according to the properties of the tube material and the construction.

10.2.6 All coolers shall be thermally rated for the most severe operating conditions (e.g. of cooling water,
temperature, gas density and flow rate), as indicated in data sheets 201, 202, 205 and 502.

10.2.7 All piping connections to coolers shall be to the standard specified by the USER. In the absence of any
specification, they shall conform to the requirements of 10.5, 10.6 and 10.7 as a minimum.

10.2.8 The maximum allowable cooling water temperature rise and pressure drop shall be as stated in data
sheet 205.

10.3 Silencers

10.3.1 Intake, discharge and blow-off silencers, when required, shall be to the SUPPLIER’s preferred
standard, unless otherwise specified by the USER.

10.3.2 Account shall be taken of the most severe operating conditions (e.g. compressor surge, maximum
flow, pressure, temperature and corrosion) in the design of the silencers.

10.3.3 All piping connections to silencers shall be to the standard specified by the USER. In the absence of
any specification, they shall conform to the requirements of 10.5, 10.6 and 10.7, as a minimum.
10.4 Separators and traps

10.4.1 Liquid separators shall be provided in suction lines and downstream of coolers if specified by the
USER or deemed to be necessary by the SUPPLIER. The USER shall furnish any pertinent information to the
SUPPLIER.

10.4.2 Where separators are an integral part of the compressor casing, they shall be subject to the criteria
of 8.2.

10.4.3 Unless otherwise specified by the USER, each separator shall be fitted with a drain trap, complete
with isolating and blow-down valves. Provision shall be made in the drain line for flow detection.

10.4.4 Separators with a manual drainage facility only shall have a hold-up tank volume to permit
continuous full-duty utilization without drainage for two attendance intervals, as stated in the data sheets.
Where the SUPPLIER considers this to be inappropriate, he shall advise the USER accordingly.

10.5 Pipework (general)

10.5.1 The dimensions of piping shall be in accordance with applicable International Standards or
equivalent. Non-preferred pipe sizes as indicated in national standards shall be avoided.

10.5.2 The scope of supply of pipework shall be defined on data sheet 501A.
10.5.3 Terminal-point isolating valves shall not form part of the SUPPLIER’s standard supply.
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10.5.4 Mating flanges for terminal connections shall be supplied by the SUPPLIER
a) when specified by the USER;

b) when the standard of the terminal flange does not comply with a recognized national standard or the
standard specified by the USER.

10.5.5 The SUPPLIER shall supply all the jointing and bolting as necessary for the connections within his
supply, including terminal connections where he supplies the mating flange.

10.5.6 Valved and blanked or plugged low-point drain connections shall be provided by the piping
furnisher. Water pipe-work systems shall also be fitted with high-point vent valves by the pipework
installer.

10.5.7 The SUPPLIER shall define precisely the location, size and type of his terminal connections.

10.5.8 Bite-type (i.e. cutting ring) fittings shall not be used except for instrument air lines.

10.5.9 Screwed connections sealed by brazing or welding shall not be coated beforehand with thread
lubricant or sealing compound. The seal welds shall comprise at least two passes and shall cover all exposed
threads.

10.5.10 All pipes shall be routed to ensure adequate elasticity. They shall have a minimum of fittings but
consistent with ease of maintenance of equipment and, where necessary, of cleaning of the piping.
10.5.11 Piping runs which may be used by personnel for support during maintenance or other operations
shall be suitably robust or well supported, or shall be protected by guards supplied by the piping installer.
10.5.12 All pipework and auxiliaries of the SUPPLIER’s supply which is integral to a unit shall be supported
at the SUPPLIER’s discretion and by the SUPPLIER in such a way that the possibility of damage due to
vibration, thermal expansion and the mass of the pipework and auxiliaries is minimized.

10.5.13 Where the SUPPLIER supplies piping external to the unit (i.e. where the piping cannot be supported
from the unit or its foundation) but does not supply the supports, he shall advise the USER of suggested
support arrangements intended to minimize the effects of thermal changes, the pipe and fittings’ mass,
pulsation and mechanically induced vibrations and the imposition of strain on the machine connections.
10.5.14 The use of flexible joints to allow for thermal expansion and to reduce stresses in the piping system
is permitted, subject to the agreement of the USER.

Express attention is drawn to the fact that the manufacturer of such joints should be consulted with regard
to the necessary procedures to be adopted for the installation and support of these items.

10.5.15 Piping shall be free of loose rust, slag, welding beads and other foreign matter.
10.6 Process gas pipework

10.6.1 The process gas pipework shall be in accordance with a relevant recognized national specification of
the SUPPLIER’s choice, unless the USER specifically invokes another specification at the time of enquiry.
Such a specification shall be supplemented by 10.6 of this International Standard; however, where the
requirements of the specification and this International Standard are in conflict, the specification shall
govern.

10.6.2 The process gas pipework shall have a minimum inner diameter of 20 mm.

10.6.3 Process gas piping shall have flanged or welded connections unless there is express agreement
between the SUPPLIER and the USER that screwed connections may be used for piping of up to 50 mm inner
diameter.

10.6.4 The SUPPLIER and the USER shall agree on the nature of the tests applied by the SUPPLIER to
pipework fabrications of his supply.

10.6.5 The USER’s own piping installation shall not impose loads on the SUPPLIER’s equipment except as
specified in 8.3.

10.6.6 Isolating valves on purge and vent connections, where the process gas is explosive or otherwise
hazardous, shall be protected against accidental operation.
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10.7 Auxiliary pipework
10.7.1 The auxiliary systems are as follows:
a) lubricating and control oil;
b) sealing liquid;
¢) sealing gas and gas equalization;
d) cooling water;
e) discharge, drainage and venting;
f) instrument, impulse and sensing lines.

The associated fittings, control devices and measuring devices shall also be subject to the requirements
of 10.5.

10.7.2 Except where the gas demands special materials, seamless carbon steel pipe shall be used for gas
and lubricant lines. Coolant lines may be made of seam-welded pipe. It is recommended that stainless steel
piping be used between the lubrication and seal liquid filters and the machines.

10.7.3 Fittings and valves in auxiliary systems shall be made of steel. The use of grey or nodular cast iron
or other materials such as bronze or Monel is subject to agreement between the SUPPLIER and the USER.

10.7.4 The valve trim shall be made of a corrosion-resistant material.

10.7.5 Copper or plastic pipe is only permissible for measuring and impulse lines, with agreement of the
USER.

10.7.6 A nominal effective pressure of 10 bar shall be taken as the minimum pressure rating for all
connections.

10.7.7 O1l return lines shall be generously dimensioned and arranged so that a satisfactory flow rate is
obtained (allowing for possible foaming). Pipes running “horizontally” should have a slope of at least 40 mm
per linear metre towards the oil reservoir (i.e. 1 in 25).

10.7.8 Drain lines, other than from instruments or controls, shall be of 20 mm inner diameter as a
minimum. The USER shall arrange his drainage system to dispose safely of any process gas which
accidentally gains access to the drainage system.

10.7.9 All auxiliary piping supplied by the SUPPLIER which is within the perimeter of the baseplate or part
of an auxiliary unit (e.g. oil console or control panel) shall be completely connected with associated control
and measuring devices etc. Such piping shall have flanged terminal connections. Interconnecting pipes
within the SUPPLIER’s scope of supply may be fabricated on site.

10.7.10 The pipe systems should preferably be made by bending and welding. Welded fittings and flanges
shall be of butt weld, socket weld or slip-on types. Threaded connections are permissible for sizes up

to 50 mm inner diameter and a nominal pressure of 10 bar, but they should be limited to a minimum and
shall be seal-welded for corrosive, toxic or flammable gases or liquids, with the exception of connections to
instruments.

10.7.11 Auxiliary oil pipes, made of carbon steel, shall be pickled and passivated after fabrication.

11 Lubrication and seal liquid systems

11.1 General

11.1.1 The lubrication and seal liquid system(s) shall be completely furnished by the SUPPLIER unless
otherwise agreed. For seal systems using liquids other than lubricant, the following requirements shall
apply, as applicable. The lubrication, seal oil and control oil systems may be combined. They shall be
designed to supply lubricant at suitable conditions to the following components, as applicable:

a) the bearings of compressors, gears and drivers;

b) the seals of compressors;

c¢) the couplings;

d) the control and trip systems of compressors and drivers.

11.1.2 The SUPPLIER shall specify the lubricant quality to be used in the lubrication, seal oil and control oil
systems for the equipment listed in 11.1.1. Wherever possible, only one grade of lubricant shall be utilized
for all equipment.
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The USER may use lubricant from these systems for his own needs if this is approved by the SUPPLIER.

11.1.3 The manufacturer of the equipment furnished with lubricant from the lubrication and seal oil
system shall indicate to the furnisher of the system his requirement as follows:

a) the lubricant flow rate (minimum, normal and maximum);
b) the lubricant pressure (minimum, normal and maximum);
¢) the lubricant characteristics;

d) the heat to be dissipated;

e) the degree of filtration;

f) the lubricant temperature.

Unless otherwise agreed, it shall be the SUPPLIER’s responsibility to coordinate the lubricant requirements
of the various units.

11.1.4 The filters and coolers shall be furnished with valved drains and valved vents to permit draining,
cleaning and filling while the compressor is in operation. Valves shall have a minimum bore of 12 mm.

11.1.5 Pressure vessels shall be supplied in accordance with 10.1.
11.2 Lubricant reservoirs

11.2.1 Lubricant reservoirs shall preferably be separate from the compressor. Reservoirs shall be
internally descaled. The use of a rust preventative other than paint is recommended. Reservoirs with
top-mounted equipment shall have sufficient rigidity to prevent sagging and vibration.

11.2.2 All cover openings in the top surface shall be sealed using gaskets and raised at least 25 mm above
the surface to avoid the entry of solids and water.

11.2.3 Openings encompassing a minimum diameter of 500 mm shall be provided in the reservoir for
inspection and cleaning of the interior. The reservoir shall have a sloping bottom and the drain shall be
located at the lowest point to ensure complete drainage. Care shall be taken to avoid re-entrainment of gas
bubbles and contaminant from the lubricant returns, e.g. by means of baffles.

11.2.4 A suitable, locally mounted and protected continuously indicating lubricant level gauge, marked
with the maximum filling, maximum operating and minimum operating levels shall be supplied. A filler
opening with a strainer shall be provided. The reservoir shall be suitably vented and care shall be taken to
avoid the ingress of contaminant.

11.2.5 The lubricant reservoir shall be sized in accordance with the following requirements.

a) For degassing and contaminant settling-out: the total reservoir lubricant volume below the minimum
operating level shall provide a retention time of 8 min. This time is calculated on the basis of the time

required for the total lubricant return to flow from machinery to the reservoir at the normal operating
point of the compressor.

b) For safety in the event of breakage or leakage: the reservoir lubricant volume between the minimum
operating level and the level at which the pump commences to cavitate shall be sufficient for operation
for 5 min. This time 1s calculated on the basis of the time necessary for the total lubricant return to flow
from machinery to the reservoir at the normal operating point of the compressor.

¢) Special applications: the sizing of the reservoir shall be agreed between the SUPPLIER and the USER.
Degassing shall be taken into account in the design and relative dimensioning of the reservoir.

11.2.6 A heating device, when provided, shall have sufficient power to heat the lubricant in the reservoir
from the specified minimum site temperature to the SUPPLIER’s minimum required temperature in 12 h.
Special severe climatic site conditions (wind etc.) shall be taken into consideration. The heating device shall
have a low watt density (maximum, 20 kW/m?).

If steam heating is employed, the operating lubricant shall not be in direct contact with the steam pipe.
The maximum steam temperature shall be chosen to prevent the heat from carbonizing the lubricant.

Electric immersion heaters shall be thermostatically controlled and their heat density shall not cause
deterioration of the lubricant. They shall be switched off automatically if the lubricant level becomes less
than 50 mm above these elements.

11.2.7 When specified by the USER, the reservoir shall include a suction and return connection for a
lubricant purifier. The filler opening and drain connection may be used for this purpose.
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11.2.8 If specified by the USER, lubricant reservoirs shall be so designed that heat insulation may be easily
added later without the necessity of relocating instruments etc.

11.3 Pumps and drivers

11.3.1 Each lubricant system shall include at least one main lubricant pump and one standby pump.

11.3.2 The drivers of both pumps and the overall lubrication system shall be sized for continuous parallel
operation of both pumps.

11.3.3 The main lubricant pump may be separately driven or shaft driven.

11.3.4 If shaft-driven main lubricant pumps run backwards, they shall not fail and shall maintain an
adequate lubricant supply to prevent damage to the machine.

11.3.5 Couplings between pumps and drivers shall be made of lubricant-resistant materials.

11.3.6 The nominal flow rate of the lubricating oil pump shall be at least 115 % of the lubricant flow
required by the system at the normal operating point of the compressor.

The nominal flow rate of the seal oil pump shall be at least 120 % of the total seal oil flow under the most
severe conditions, or 0,6 litre/s greater than the rated flow, whichever is the greater.

11.3.7 An elevated tank or other suitable means shall be provided for lubrication and seal oil supply during
emergency run-down if specified by the USER or deemed necessary by the SUPPLIER.

Elevated seal oil tanks shall be equipped with suitable means of isolating seal liquid from the gas, if
required.

11.3.8 A separate suitably sized and powered lubricant pump to cool the turbine bearings after shut-down
shall be provided if required by the SUPPLIER or the USER.

In the case of a separately driven main lubricating oil pump, or if no emergency overhead tank is supplied,
a separate suitably sized and powered emergency lubricating oil pump may be required to supply
lubricating oil during run-down.

A single pump may be used to serve both purposes.

11.3.9 The standby lubricant pump shall be primed (unless of a self-priming design) and ready for
operation at all times.

11.3.10 The main and standby lubricant pumps shall be designed to be driven from independent power
supplies.

11.3.11 The main and standby lubricant pumps shall have identical flow rate and discharge pressure
ratings.

11.3.12 The standby lubricant pump shall be controlled automatically to start up to provide lubricant and
to maintain operation upon reduction in pressure below a safe level. An accumulator or elevated tank shall
be furnished to maintain lubricant pressure whilst the standby pump is coming up to pressure, if the
standby pump is steam turbine driven, or if agreed between the SUPPLIER and the USER. To facilitate the
checking of the proper functioning of the standby lubricant pump during normal operation, the pressure
switch shall be equipped with an isolating valve and bleed orifice as illustrated in Figure 6.

11.3.13 Positive-displacement pumps shall be provided with a full flow rate, externally mounted, relief
valve and return line piped to the lubricant reservoir. The relief valve shall be set at a minimum pressure
of 110 % of the maximum operating pressure, with due regard given to the variable-speed pump drive,
pressure control valve characteristics etc.

11.3.14 The check valve in the discharge line of shaft-driven pumps shall have suitable means for priming.

11.3.15 Pressure regulating devices shall operate without chattering or hunting. Pressure regulating
valves shall be sized to maintain the normal lubricant pressures between the following operating limits:

a) the maximum lubricant demand with one pump running;
b) the minimum lubricant demand with two pumps running.

11.3.16 For lubricant pumps external to the reservoir and with flooded suction, valves in the suction lines
shall be installed as close as possible to the pump suction port and shall be locked open during normal
operation. It shall be possible to clean suction strainers, if supplied, during normal operation of the
COMpressor.

Documents
Document Sharing %Jb

© BSI 04-2000

Full document details: BS 7321:1990


http://www.avadocuments.com/doc/bs-7321-1990
http://www.avadocuments.com/doc/bs-7321-1990

BS 7321:1990

11.4 Filters

11.4.1 Full-flow twin filters shall be furnished. The filters shall be equipped with interlocked
continuous-flow transfer valves. The filter pressure drop with clean elements shall not exceed 0,35 bar at
the normal operating temperature. Bypass relief valves shall not be used unless specifically agreed
between the SUPPLIER and the USER for special operations.

11.4.2 Seal liquid filters shall retain 90 % of all particles with a dimension larger than 10 um and 99,5 %
of all particles with a dimension larger than 15 um.

Lubricating oil filters shall retain 95 % of all particles with a dimension larger than 25 um and 99,5 % of
all particles with a dimension larger than 30 pm.

If supplied, filters for gear-type couplings shall have a filtration rating as agreed between the SUPPLIER and
the coupling furnisher.

11.4.3 Filter cases and heads shall be suitable for operation at not less than the pump relief valve setting.
Filter elements shall have a minimum collapsing differential pressure of 3 bar.

11.4.4 Filters shall be located downstream of the coolers.

11.4.5 The filter materials shall conform to the specifications of 10.7.3. Filter elements shall be made of
corrosion-resistant material.

11.5 Coolers

11.5.1 Shell-and-tube or air-blast coolers may be used. If specified by the USER, twin coolers shall be
provided. Coolers shall be provided with interlocking continuous-flow transfer valves. Each cooler shall be
sized to dissipate 120 % of the total heat generated at the maximum continuous operating speed of the
compressor and with the maximum coolant inlet temperature. Water, when present, shall flow through the
tubes.

The lubricant-side operating pressure should be higher than the water-side pressure.
11.5.2 Shell-and-tube-type coolers shall have removable tube bundles and channel covers.

11.5.3 Coolers shall be suitable for lubricant system operation at a pressure not less than the relief valve
setting for the pumps.

11.5.4 Unless otherwise agreed, the coolers shall be made of steel or cast iron for shell coolers, steel, cast
iron (sea water) or bronze for channels and covers, steel or copper alloy for tube sheets, and steel or copper
alloy for tubes.

Steel tubes shall be corrosion protected, if required by the USER.

The materials of seal liquid coolers shall be compatible with the process gas to be sealed, if the liquid 1s
contaminated.

11.5.5 Tubes shall have an inside diameter of not less than 12 mm, with a minimum wall thickness
of 1,5 mm for brass tubes and 2 mm for steel tubes.

11.5.6 The fouling factor for the water side should be agreed between the SUPPLIER and the USER. If not
agreed, the factors given in Table 3 (see 10.2.4) shall be used for the water side.

11.5.7 The velocity of the cooling water in the tubes shall not be less than 1 m/s during normal operating
conditions, and adequate lubricant temperatures to bearings and seals shall be maintained.

11.6 Overhead tanks

11.6.1 An overhead tank shall be provided if specified by the USER.

11.6.2 The purpose of the overhead tank is to function as an emergency lubricant run-down tank, to ensure
safe coast-down of the compressor.

The overhead tank shall be sized to maintain sufficient lubricant flow to the equipment for not less
than 2 min after shut-down, in the event of failure of all lubricant pumps.

11.6.3 The overhead tank shall be provided with
a) a bottom nozzle, which shall extend 25 mm inside the vessel in order to retain foreign matter;
b) an opening of 150 mm inner diameter for access and inspection;

¢) a vent connection, valved drain connection and overflow connection, all of at least 20 mm inner
diameter.
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11.6.4 The bottom of the overhead tank shall be located at a height sufficient to meet the minimum
coast-down pressure requirements, taking into account all items of equipment to be supplied with
lubricant. The top of the tank shall not be located higher than the height that would produce the trip
pressure.

11.6.5 A heating device shall be provided if specified by the USER.
11.7 Seal liquid drain traps

11.7.1 One drain trap per seal shall be provided unless otherwise specified by the USER. Consideration shall
be given to the on-line maintenance of traps.

11.7.2 Drain traps may be manual for non-toxic gas services having seal pressures of less than 10 bar and
maximum seal leakages of 40 litres per day per seal (seals in a deteriorated condition).

11.7.3 Automatic traps shall be used for all other conditions up to 60 bar. They may be mechanical
float-type traps.

At pressures greater than 60 bar, a level controller and a separate control valve shall be used.

11.7.4 Traps shall be furnished with reflex-type glass gauges. The inlet piping shall enter the seal traps
above the lubricant level. Drain lines shall be separate to allow the monitoring of leakage from individual
seals.

11.7.5 When specified, seal trap vents shall be equipped with mist eliminators to separate most of the
residual lubricant before the vent gas is recycled to the compressor suction or vented to other disposal
outlets.

11.8 Accumulators

11.8.1 An accumulator shall be furnished, if necessary or specified by the USER, to maintain lubricant
pressure whilst the standby pump is coming up to pressure.

11.8.2 The accumulator design shall be such that precharged gas cannot be delivered with the lubricant to
the equipment.

11.8.3 Bladder-type accumulators should be considered for certain process requirements.

11.8.4 A manual pre-charge valve and a pressure gauge for checking the pre-charge pressure in the
accumulator shall be provided.

11.8.5 The non-bladder type of accumulator shall be equipped with an armoured reflex-type glass gauge to
show the lubricant level during all normal running conditions of the equipment.

The normal lubricant level shall be clearly marked on the gauge glass, indicating the corresponding normal
lubricant pressure thereto.

11.8.6 A valved vent may be supplied if specified.
11.9 Schematics

The schematic diagram shown in Figure 6 represents the basic minimum requirements for a lubricating
system. Figure 7 to Figure 24 represent developments of this basic system and may be used to suit specific
requirements. Take-off points for the control lubricant are shown in certain diagrams; their details should
be agreed with the USER.

Table 4 gives a summary of Figure 6 to Figure 24, showing the subject and pump drive, and the
accumulator and emergency overhead tank requirements.
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Table 4 — Summary of Figure 6 to Figure 24

Pump drive Emergency
Subject Figure Accumulator® | overhead
Main Auxiliary tank?
Lubrication system only Figure 6 Shaft Electric motor | (x) (x)
Figure 7 Shaft Steam turbine | x (x)
Figure 8 Steam turbine/ | Electric motor | (x) (x)
electric motor
Figure 9 Electric motor |Steam turbine |x (x)
Combined lubrication and seal |Figure 10 |Shaft Electric motor | (x) (x)
hquld SyStem with dlfferentlal Figure 11 Shaft Steam turbine x (X)
pressure control ] ) i
Figure 12 |Steam turbine/ | Electric motor |(x) (x)
electric motor
Figure 13 | Electric motor |Steam turbine |x (x)
Combined lubrication and seal |Figure 14 |Shaft Electric motor | (x) (x)
liquid system with level control Figure 15 | Shaft Steam turbine | x (x)
Figure 16 |Steam turbine/ | Electric motor |(x) (x)
electric motor
Figure 17 |Electric motor |Steam turbine |x (x)
Seal liquid system with Figure 18 | Electric motor |Steam turbine |x (x)
differential pressure control
Figure 19 |Electric motor/ | Electric motor |(x) (x)
steam turbine
Seal liquid system with level Figure 20 |Electric motor |Steam turbine |o 0
control
Figure 21 | Electric motor/ | Electric motor |o 0
steam turbine
Compressor with labyrinth shaft | Figure 22
seals
Compressor with liquid seals, Figure 23
separate system
Compressor with liquid seals, Figure 24
combined lubrication and seal
liquid system
2 (x), if specified; x, mandatory; o, not required.
Documents

28

Full document details: BS 7321:1990

B o Bocyment Sharing Hub


http://www.avadocuments.com/doc/bs-7321-1990
http://www.avadocuments.com/doc/bs-7321-1990

