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Introduction

As soon as mankind was able to boil water to create steam, the necessity of the safety device
became evident. As long as 2000 years ago, the Chinese were using cauldrons with hinged lids to
allow (relatively) safer production of steam. At the beginning of the 14th century, chemists used
conical plugs and later, compressed springs to act as safety devices on pressurised vessels.

Early in the 19t century, boiler explosions on ships and locomotives frequently resulted from
faulty safety devices, which led to the development of the first safety relief valves.

In 1848, Charles Retchie invented the accumulation chamber, which increases the compression
surface within the safety valve allowing it to open rapidly within a narrow overpressure margin.
Today, most steam users are compelled by local health and safety regulations to ensure that their
plant and processes incorporate safety devices and precautions, which ensure that dangerous
conditions are prevented.

The primary function of a safety valve is therefore to protect life and property.

The principle type of device used to prevent overpressure in plant is the safety or safety relief
valve. The safety valve operates by releasing a volume of fluid from within the plant when a
predetermined maximum pressure is reached, thereby reducing the excess pressure in a safe
manner. As the safety valve may be the only remaining device to prevent catastrophic failure
under overpressure conditions, it is important that any such device is capable of operating at all
times and under all possible conditions.

Safety valves should be installed wherever the maximum allowable working pressure (MAWP) of
a system or pressure-containing vessel is likely to be exceeded. In steam systems, safety valves
are typically used for boiler overpressure protection and other applications such as downstream
of pressure reducing controls. Although their primary role is for safety, safety valves are also used
in process operations to prevent product damage due to excess pressure. Pressure excess can be
generated in a number of different situations, including:

o An imbalance of fluid flowrate caused by inadvertently closed or opened isolation valves on a
process vessel.

o Failure of a cooling system, which allows vapour or fluid to expand.

o Compressed air or electrical power failure to control instrumentation.
o Transient pressure surges.

o Exposure to plant fires.

o Heat exchanger tube failure.

o Uncontrollable exothermic reactions in chemical plants.

o Ambient temperature changes.

The terms ‘safety valve’ and ‘safety relief valve” are generic terms to describe many varieties of
pressure relief devices that are designed to prevent excessive internal fluid pressure build-up. A
wide range of different valves is available for many different applications and performance criteria.
Furthermore, different designs are required to meet the numerous national standards that govern
the use of safety valves.

A listing of the relevant national standards can be found at the end of this module.

In most national standards, specific definitions are given for the terms associated with safety and
safety relief valves. There are several notable differences between the terminology used in the
USA and Europe. One of the most important differences is that a valve referred to as a ‘safety
valve’ in Europe is referred to as a ‘safety relief valve’ or ‘pressure relief valve’ in the USA. In
addition, the term ‘safety valve’ in the USA generally refers specifically to the full-lift type of
safety valve used in Europe.
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The ASME / ANSI PTC25.3 standards applicable to the USA define the following generic terms:

o Pressure relief valve - A spring-loaded pressure relief valve which is designed to open to
relieve excess pressure and to reclose and prevent the further flow of fluid after normal
conditions have been restored. It is characterised by a rapid-opening ‘pop’ action or by opening
in a manner generally proportional to the increase in pressure over the opening pressure. It
may be used for either compressible or incompressible fluids, depending on design, adjustment,
or application.

This is a general term, which includes safety valves, relief valves and safety relief valves.

o Safety valve - A pressure relief valve actuated by inlet static pressure and characterised by
rapid opening or pop action.

Safety valves are primarily used with compressible gases and in particular for steam and air
services. However, they can also be used for process type applications where they may be
needed to protect the plant or to prevent spoilage of the product being processed.

o Relief valve - A pressure relief device actuated by inlet static pressure having a gradual lift
generally proportional to the increase in pressure over opening pressure.

Relief valves are commonly used in liquid systems, especially for lower capacities and thermal
expansion duty. They can also be used on pumped systems as pressure overspill devices.

o Safety relief valve - A pressure relief valve characterised by rapid opening or pop action, or by
opening in proportion to the increase in pressure over the opening pressure, depending on
the application, and which may be used either for liquid or compressible fluid.

In general, the safety relief valve will perform as a safety valve when used in a compressible
gas system, but it will open in proportion to the overpressure when used in liquid systems, as
would a relief valve.

The European standards (BS 6759 and DIN 3320) provide the following definition:

o Safety valve - A valve which automatically, without the assistance of any energy other than
that of the fluid concerned, discharges a certified amount of the fluid so as to prevent a
predetermined safe pressure being exceeded, and which is designed to re-close and prevent
the further flow of fluid after normal pressure conditions of service have been restored.

Typical examples of safety valves used on steam systems are shown in Figure 9.1.1.

DIN ASME
Fig. 9.1.1 Typical safety valves
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Safety valve design

The basic spring loaded safety valve, referred to as ‘standard” or ‘conventional” is a simple,
reliable self-acting device that provides overpressure protection.

The basic elements of the design consist of a right angle pattern valve body with the valve inlet
connection, or nozzle, mounted on the pressure-containing system. The outlet connection may
be screwed or flanged for connection to a piped discharge system. However, in some applications,
such as compressed air systems, the safety valve will not have an outlet connection, and the fluid
is vented directly to the atmosphere.
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—— Disc Disc
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Fig. 9.1.2 Typical safety valve designs

The valve inlet (or approach channel) design can be either a full-nozzle or a semi-nozzle type. A
full-nozzle design has the entire ‘wetted’ inlet tract formed from one piece. The approach channel
is the only part of the safety valve that is exposed to the process fluid during normal operation,
other than the disc, unless the valve is discharging.

Full-nozzles are usually incorporated in safety valves designed for process and high pressure
applications, especially when the fluid is corrosive.

Conversely, the semi-nozzle design consists of a seating ring fitted into the body, the top of which
forms the seat of the valve. The advantage of this arrangement is that the seat can easily be
replaced, without replacing the whole inlet.

The disc is held against the nozzle seat (under normal operating conditions) by the spring, which
is housed in an open or closed spring housing arrangement (or bonnet) mounted on top of the
body. The discs used in rapid opening (pop type) safety valves are surrounded by a shroud, disc
holder or huddling chamber which helps to produce the rapid opening characteristic.
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Fig. 9.1.3 A full-nozzle valve (a) and a semi-nozzle valve (b)

The closing force on the disc is provided by a spring, typically made from carbon steel. The
amount of compression on the spring is usually adjustable, using the spring adjuster, to alter the
pressure at which the disc is lifted off its seat.

Standards that govern the design and use of safety valves generally only define the three dimensions
that relate to the discharge capacity of the safety valve, namely the flow (or bore) area, the
curtain area and the discharge (or orifice) area (see Figure 9.1.4).

1.Flow area - The minimum cross-sectional area between the inlet and the seat, at its
narrowest point. The diameter of the flow area is represented by dimension ‘d" in Figure 9.1.4.

7T d?

Flow area = 2 Equation 9.1.1

2. Curtain area - The area of the cylindrical or conical discharge opening between the seating
surfaces created by the lift of the disk above the seat. The diameter of the curtain area is
represented by dimension ‘dy” in Figure 9.1.4.

Curtain area = md,L Equation 9.1.2

3. Discharge area - This is the lesser of the curtain and flow areas, which determines the flow
through the valve.

Curtain area

Flow area

Flow

Flow

Fig. 9.1.4 lllustration of the standard defined areas
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Valves in which the flow area and not the curtain area determines the capacity are known as full
lift valves. These valves will have a greater capacity than low lift or high lift valves. This issue will
be discussed in greater depth in Module 9.2.

Although the principal elements of a conventional safety valve are similar, the design details can
vary considerably. In general, the DIN style valves (commonly used throughout Europe) tend to
use a simpler construction with a fixed skirt (or hood) arrangement whereas the ASME style
valves have a more complex design that includes one or two adjustable blowdown rings. The
position of these rings can be used to fine-tune the overpressure and blowdown values of the
valve.

For a given orifice area, there may be a number of different inlet and outlet connection sizes, as
well as body dimensions such as centreline to face dimensions. Furthermore, many competing
products, particularly of European origin have differing dimensions and capacities for the same
nominal size.

An exception to this situation is found with steel ASME specification valves, which invariably
follow the recommendations of the APl Recommended Practice 526, where centreline to face
dimensions, and orifice sizes are listed. The orifice area series are referred to by a letter. It is
common for valves with the same orifice letter to have several different sizes of inlet and outlet
connection. For example, 2” xJ x 3” and 3” x ] x 4” are both valves which have the same size (')
orifice, but they have differing inlet and outlet sizes as shown before and after the orifice letter
respectively. A 2” x J x 3” valve would have a 2" inlet, a ‘)’ size orifice and a 3” outlet.

This letter series is also referenced in other standards, for example, BS 6759 part 3, which deals
with valves for process type applications and NFE- E 29-414.

Basic operation of a safety valve

Lifting

When the inlet static pressure rises above the set pressure of the safety valve, the disc will begin
to lift off its seat. However, as soon as the spring starts to compress, the spring force will increase;
this means that the pressure would have to continue to rise before any further lift can occur, and
for there to be any significant flow through the valve.

The additional pressure rise required before the safety valve will discharge at its rated capacity is
called the overpressure. The allowable overpressure depends on the standards being followed
and the particular application. For compressible fluids, this is normally between 3% and 10%,
and for liquids between 10% and 25%.

In order to achieve full opening from this small overpressure, the disc arrangement has to be
specially designed to provide rapid opening. This is usually done by placing a shroud, skirt or
hood around the disc. The volume contained within this shroud is known as the control or
huddling chamber.

Disc
Shroud

Control chamber

Fig. 9.1.5 Typical disc and shroud arrangement used on rapid opening safety valves
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As lift begins (Figure 9.1.6b), and fluid enters the chamber, a larger area of the shroud is exposed
to the fluid pressure. Since the magnitude of the lifting force (F) is proportional to the product of
the pressure (P) and the area exposed to the fluid (A); (F = P x A), the opening force is increased.
This incremental increase in opening force overcompensates for the increase in spring force,
causing rapid opening. At the same time, the shroud reverses the direction of the flow, which
provides a reaction force, further enhancing the lift.

These combined effects allow the valve to achieve its designed lift within a relatively small
percentage overpressure. For compressible fluids, an additional contributory factor is the rapid
expansion as the fluid volume increases from a higher to a lower pressure area. This plays a
major role in ensuring that the valve opens fully within the small overpressure limit. For liquids,
this effect is more proportional and subsequently, the overpressure is typically greater; 25% is

common.

(a) (b)

Fig. 9.1.6 Operation of a conventional safety valve

Reseating

Once normal operating conditions have been restored, the valve is required to close again, but
since the larger area of the disc is still exposed to the fluid, the valve will not close until the
pressure has dropped below the original set pressure. The difference between the set pressure
and this reseating pressure is known as the ‘blowdown’, and it is usually specified as a percentage
of the set pressure. For compressible fluids, the blowdown is usually less than 10%, and for
liquids, it can be up to 20%.

100% -#— Maximum discharge
Closin Openin
% lift : pening
|
Pop
£ action
Reseat ==

10% Blowdown ¢ Overpressure 10%

Set pressure

Fig. 9.1.7 Relationship between pressure and lift for a typical safety valve
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The design of the shroud must be such that it offers both rapid opening and relatively small
blowdown, so that as soon as a potentially hazardous situation is reached, any overpressure is
relieved, but excessive quantities of the fluid are prevented from being discharged. At the same
time, it is necessary to ensure that the system pressure is reduced sufficiently to prevent immediate
reopening.

The blowdown rings found on most ASME type safety valves are used to make fine adjustments
to the overpressure and blowdown values of the valves (see Figure 9.1.8). The lower blowdown
(nozzle) ring is a common feature on many valves where the tighter overpressure and blowdown
requirements require a more sophisticated designed solution. The upper blowdown ring is usually
factory set and essentially takes out the manufacturing tolerances which affect the geometry of
the huddling chamber.

The lower blowdown ring is also factory set to achieve the appropriate code performance
requirements but under certain circumstances can be altered. When the lower blowdown ring is
adjusted to its top position the huddling chamber volume is such that the valve will pop rapidly,
minimising the overpressure value but correspondingly requiring a greater blowdown before the
valve re-seats. When the lower blowdown ring is adjusted to its lower position there is minimal
restriction in the huddling chamber and a greater overpressure will be required before the valve
is fully open but the blowdown value will be reduced.

Upper adjusting pin Upper adjusting ring

Lower adjusting ring

Lower adjusting pin

Fig. 9.1.8 The blowdown rings on an ASME type safety valve

9.8

SPir%am The Steam and Condensate Loop



| Block 9 | Safety Valves | Introduction to Safety Valves | Module 9.1 |

Approval authorities

For most countries, there are independent bodies who will examine the design and performance
of a product range to confirm conformity with the relevant code or standard. This system of third
party approval is very common for any safety related products and is often a customer requirement
before purchase, or a requirement of their insurance company.

The actual requirements for approval will vary depending on the particular code or standard. In
some cases, revalidation is necessary every few years, in others approval is indefinite as long as
no significant design changes are made, in which case the approval authority must be notified,
and re-approval sought. In the USA, the National Board of Boiler and Pressure Vessel Inspectors
represents the US and Canadian government agencies empowered to assure adherence to code
construction and repair of boilers and pressure vessels.

Some of the more commonly encountered bodies are listed in Table 9.1.1.

Table 9.1.1 Approval authorities

Country Abbreviation Approval body
Germany TOV Assaociation of Technical Supervision
DSRK Deutsche Schiffs-Revision und Klassifikation
SAFed Safetyi Assessr_nent Feder_ation Type. Approval Service.(-STAS) formerly
UK Associated Offices Technical Committee AOTC and British Engine
Lloyds Register of Shipping
France CODAP
APAVE
Belgium Bureau Veritas
Netherlands Dienst voor het Stoomwezen
Norway DNV Det Norske Veritas
Italy ISPESL RINA Institution of Prevention and Security Italian Register of Shipping
Korea Ministry of Power and Resources Korean Register of Shipping
Canada Ministry of Labour Canada
United States NB National Board of Boiler and Pressure Vessel Inspectors

The Steam and Condensate Loop sPira}sarco g] 9



| Block 9 | Safety Valves|

Introduction to Safety Valves | Module 9.1 |

Codes and Standards

Standards relevant to safety valves vary quite considerably in format around the world, and
many are sections within codes relevant to Boilers or Pressure Containing Vessels. Some will only
outline performance requirements, tolerances and essential constructional detail, but give no
guidance on dimensions, orifice sizes etc. Others will be related to installation and application.
It is quite common within many markets to use several in conjunction with each other.

Table 9.1.2 Standards relating to safety valves

Country Standard No. Description
A D. Merkblatt A2 Pres_sure Vessel Equipment safety devices
against excess pressure - safety valves
Germany TRD 421 Technical Equipment for Steam Boiler.s Safeguards against excessive
pressure - safety valves for steam boilers of groups I, lll & IV
TRD 721 Technical Equipment for Steam Boiler_s Safeguards against excessive
pressure - safety valves for steam bhoilers of group |l
Part 1 specification for safety valves for steam and hot water
UK BS 6759 Part 2 specification for safety valves for compressed air or inert gas
Part 3 specification for safety valves for process fluids
France ?QF':?? t':Ff 1 Ié Safety and relief valves
NFE-E 29-421 Safety and relief valves
Korea KS B 6216 Spring loaded safety valves for steam boilers and pressure vessels
Japan JIS B 8210 Steam boilers and pressure vessels - spring loaded safety valves
Australia SAA AS1271 Safety valves, pther valves, liquid level gauges and other fittings for
boilers and unfired pressure vessels
ASME | Boiler Applications
ASME Il Nuclear Applications
ASME VI Unfired Pressure Vessel Applications
ﬁ}\ICSZQ:SSME Safety and Relief Valves - performance test codes
USA Sizing selection and installation of pressure-relieving devices in refineries
API RP 520 Part 1 Design
Part 2 Installation
API RP 521 Guide for pressure relieving and depressurising systems
API STD 526 Flanged steel pressure relief valves
API STD 527 Seat tightness of pressure relief valves
Europe prEN ISO 4126* Safety devices for protection against excessive pressure
International | ISO 4126 Safety valves - general requirements

*Note: pr = pre-ratification. This harmonised European standard is not offically issued.

For steam boiler applications there are very specific requirements for safety valve performance,
demanded by national standards and often, insurance companies. Approval by an independent
authority is often necessary, such as British Engine, TUV or Lloyd’s Register.

Safety valves used in Europe are also subject to the standards associated with the Pressure
Equipment Directive (PED). Being classified as ‘Safety accessories’, safety valves are considered
as ‘Category 4’ equipment, which require the most demanding level of assessment within the
PED regime. This can usually be met by the manufacturer having an ISO 9000 quality system
and the safety valve design and performance certified by an officially recognised approval authority
referred to as a ‘Notified Body'.
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Questions

What is the primary function of a safety valve?

To maintain the pressure of a system within a specified range.
To protect life and property

To prevent product spoilage

To allow the gradual release of overpressure

What is the main operational difference between safety valves and relief valves?
Relief valves are characterised by a rapid opening or ‘popping’ type lift characteristic
Safety valves are characterised by a gradual opening type lift characteristic
Relief valves are characterised by a gradual opening type lift characteristic

Safety valves will have a rapid opening lift characteristic when used on compressible
fluid systems and a gradual opening characteristic when used on liquid systems

Given the safety valve dimensions as indicated in the illustration below,
what would the discharge area of the safety valve be?

Given:
d =29 mm
d; =35 mm
L =5mm

e

Flow area q

Curtain area

Flow

Flow

550 mm2
617 mm?2
66T mm?2
693 mm?2

Which of the following factors combine to produce the rapid opening
characteristic of most safety valves used in steam applications?

The rapid expansion of the steam as the fluid volume increases
Exposure of a greater disc surface area to the steam

The vectoring effect created by the shroud

All of the above
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5. Blowdown rings are often found on ASME type pressure relief valves.
What is the function of the lower or nozzle blowdown ring?

a| To adjust the blowdown value of the valve O
b| To adjust the set pressure of the valve (]
c| To adjust the backpressure acting on the safety valve disc O
d| To adjust the overpressure and blowdown of the valve O
6. In which of the following applications should a full-nozzle valve be used?
a| On a process application where the fluid is corrosive O
b| On a steam system operating at 2 bar O
c| On a non-corrosive process fluid system where a significant amount of seat wear

is predicted O
d| All of the above O

Answers
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