
Describe Flame
Arrestor Operation
and Maintenance

 Human Development
Consultants Ltd.

Training Module



Describe Flame Arrestor 
 Operation and Maintenance  

February, 2001  

© HDC Human Development Consultants Ltd. 
 
All rights reserved. No part of this publication may be copied, reproduced, stored in a computer or 
retrieval system, published, distributed, or transmitted in any form or by any means whatsoever, including 
without limitation by mechanical means, photo copying, recording, digital or electronic media, the Internet, 
or otherwise, without the express prior written permission of HDC Human Development Consultants Ltd. 
(HDC). HDC grants to the purchaser of a Single User License (as defined in the agreement with such 
purchaser) a limited license to store the electronic file(s) on one computer only and to make a single 
paper copy of this publication. HDC grants to the purchaser of a Site License (as defined in the 
agreement with such purchaser) a limited license to store the electronic file(s) on one local area network 
server accessible by individual users' computers at one site or location only and to make paper copies of 
this publication for a company’s employees at the same site or location only. Each site or location must 
purchase a separate Site License for employees at that site. HDC grants the purchaser of a Corporate 
License (as defined in the agreement with such purchaser) a limited license to store the electronic file(s) 
on its intranet and on computers at company sites or locations and to make paper copies for any or all 
employees. Nothing in the foregoing restricts, amends or abrogates the provisions of the agreement 
between HDC and the purchaser of the applicable license. Any copying or use other than pursuant to 
such a license is illegal. For further information, please consult the applicable license agreement. 
 
This publication is designed to provide general information regarding the subject matter covered. Care 
has been taken to ensure the accuracy of the information and that the instructions contained in this 
publication are clear and reflect sound practice. The user understands that HDC is not providing 
engineering services. The user understands that any procedures (task steps) that are published or 
referenced may have to be modified to comply with specific equipment, work conditions, company 
standards, company policies and practices, legislation, and user qualifications. HDC does not make any 
representations, guarantees, or warranties of any kind whatsoever with respect to the content hereof and 
the results to be achieved by implementing the procedures (task steps) herein. To the maximum extent 
permitted by applicable law, in no event shall HDC be liable for any damages whatsoever (including 
without limitation, direct or indirect damages for personal injury, damages to the environment, damages to 
business property, loss of business profit, or any other pecuniary loss). The use of the information and 
procedures (task steps) herein is undertaken at the sole risk of the user. 
 
ISBN 1-55338-010-X 
 
Canadian Cataloguing in Publication Data 
 
1. Fire protection engineering 2. Fire prevention-Equipment and supplies. I. HDC Human 
Development Consultants.     TH9445.M4D48 2000     628.9’223     C00-901253-2 
 
This training kit consists of the following parts: 
♦ Training Module and Self-Check 
♦ Knowledge Check and Answer Key 

♦ Blank Answer Sheet  

 
Published by HDC Human Development Consultants Ltd. 
Published in Canada 

HDC Human Development Consultants Ltd. 
Website: www.hdc.ca 
E-mail: marketing@hdc.ca 
Phone: (780) 463-3909 



Describe Flame Arrestor 
 Operation and Maintenance  

 Human Development�
Consultants Ltd.

 

Contents 
Training Objectives 1 

 

1 Introduction  1 

 

2 

 

Flame Propagation Concepts  3 
2.1 Flame Propagation in an Unconfined Space 4 
2.2 Flame Propagation in a Confined Space 5 

 

3 Principles of Flame Arrestor Operation 8 

 

4 

 

Types of Flame Arrestors  10 
4.1 End-of-Line Flame Arrestors 10 
4.2 In-Line Flame Arrestors 14 

5 Rating Flame Arrestors 14 

 

6 Selecting a Flame Arrestor 17 

 

7 

 

Firebox Flame Arrestors  19 
7.1  Installation of Firebox Flame Arrestors 21 
7.2 Inspection of Firebox Flame Arrestors 23 
7.3 Cleaning Firebox Flame Arrestors 24 

 

8 

 

In-Line Flame Arrestors  24 
8.1 Auxiliary Flame Arrestor Equipment 28 
8.2  Installation of In-Line Flame Arrestors 30 
8.3 Inspection of In-Line Flame Arrestors 31 
8.4 Cleaning In-Line Flame Arrestors 32 

February, 2001 Page i of ii 



Describe Flame Arrestor 
 Operation and Maintenance  

 Human Development�
Consultants Ltd.

Contents (continued) 
 

9 Self-Check  32 

 

10 Self-Check Answers 37 

  

11 Glossary  37 

 
 

 

February, 2001 Page ii of ii 



Describe Flame Arrestor 
 Operation and Maintenance  

 Human Development�
Consultants Ltd.

Training 
Objectives 

Upon completion of this training kit, you will be able to: 

 
 
 
 
 
 

 

Describe the purpose and importance of flame arrestors 
Describe flame propagation concepts 
Describe the principle of operation of flame arrestors 
Describe types of flame arrestors (end-of-line, in-line) 
Describe selection considerations for flame arrestors 
Describe procedures for installing, inspecting, and 
cleaning fire box flame arrestors 
Describe procedures for installing, inspecting, and 
cleaning in-line flame arrestors 
 

 

NOTE  
Refer to the glossary, located at the end of this module, for 
an explanation of terms. 

1 Introduction  
Industrial facilities are designed to be safe and to minimize the 
risk of fire or explosion. Many strategies are used to minimize 
the risk of fire or explosion: primary safety devices, such as 
isolation valves, hydraulic seals, oxygen analyzers, and gas 
analyzers provide the first line of defense. Flame arrestors 
provide backup protection in case primary safety devices fail. 
Flame arrestors can prevent a fire or explosion from 
propagating to other equipment inside or outside of a system.  
 

 

Figure 1— 
Flame Arrestors  
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Figure 2—Flame Arrestor Applications 
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Flame arrestors are fire safety devices which allow air or 
flammable gases to pass, but prevent the propagation of flames 
through the device. Flame arrestors are passive safety devices; 
they have no moving parts and do not require a source of 
energy to function. 
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Figure 3— 
Flame Arrestor 
Concept 

 
Industries using flame arrestors include oil and gas processing 
and refining, pharmaceutical, pulp and paper, waste and 
sewage treatment, mining, and marine transportation. Within 
these industries, arrestors are often used on air intakes on fired 
heaters, incinerators, and boilers; fuel inlet piping to fire boxes; 
flare systems; tank vents; and vapor recovery lines. 
 
This training module describes how flame arrestors work, types 
of flame arrestors, and factors to consider when selecting, 
installing, and maintaining flame arrestors. The last two 
sections of this module describe specific types of flame 
arrestors: end-of-line flame arrestors and in-line flame 
arrestors. For each type, the module describes the conditions 
that reduce flame arrestor effectiveness, some considerations 
for correct installation, and how to inspect and service the 
arrestors to ensure effective operation.  

2 Flame Propagation Concepts 
Combustion is defined as the process of burning. Chemically, 
combustion is the process of oxidization in which an oxidizing 
agent, often oxygen, rapidly combines with a fuel, giving off 
heat and usually light. The behavior of a flame front (the 
leading surface of a flame) formed by combustion is dependent 
on a large number of variables including: 

rate of chemical reaction (type of fuel)  
 
 
 
 

fuel-air mixture 
pressure 
temperature of the fuel 
turbulence 
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The flame front’s behavior is also very different in an 
unconfined space (i.e., the atmosphere) than in the confined 
space of a pipe or vessel. 

2.1 Flame Propagation in an Unconfined Space 
Consider a release of propane to the atmosphere. Propane, 
being heavier than air, migrates and collects in low-lying areas 
such as trenches and valleys. If the concentration of the propane 
increases to above 2.1% by volume (its lower explosive limit) and 
if there is a source of heat, the propane will ignite. 
 

Figure 4—Unconfined Flame Propagation 

propane and air mixture

pressure pulse

ignition source
consumed �
propane

flame front

 
 
Upon ignition, the flame moves outward (propagates) toward 
the unburned gas. The expanding flame front forms a narrow 
layer between the unburned gas and the consumed gas. A 
pressure pulse forms in front of the flame. Both chemical and 
mechanical energy contribute to forming the pressure pulse: 
 Chemical energy—the heat from the flame elevates the 

temperature and pressure of the gas in front of the flame 
 Mechanical energy—the consumed gas expands outward 

because its temperature and pressure have increased 
 
The pressure pulse dissipates as the flame expands in the 
unconfined space. Usually the velocity of the flame front in an 
unconfined space is subsonic (less than the speed of sound). A 
flame traveling at subsonic velocity is called deflagration. 
Deflagration is a chemical reaction in which there is a vigorous 
release of heat accompanied by flames and sometimes sparks. 
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2.2 Flame Propagation in a Confined Space 
Flame propagation in a confined space behaves very differently 
than in an unconfined space. In a confined space, the heat and 
pressure generated from the flame remains confined. The 
temperature and pressure of the pressure pulse in front of the 
flame increases, causing an increased rate of the chemical 
reaction and acceleration of the flame front. 
 
Flame propagation behavior in a confined space is complex 
and not fully understood. To introduce basic flame propagation 
concepts associated with flame arrestors, a simplified 
explanation follows. 
 
To understand the sequence of events that occurs when a 
flame propagates in a confined space, consider a combustible 
fuel mixture in a long pipe. In the following illustrations, each 
event is identified by a number in a circle. 
 

Figure 5—Confined Flame Propagation: Low-Speed/Low-Pressure Deflagration  
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1  If the fuel is ignited, the flame travels in opposite 

directions. A pressure pulse forms in front of the flame 
because of the heat from the flame and the expansion 
of the consumed gas. Close to the source of ignition, 
the flame condition is a low-speed/low-pressure 
deflagration as indicated by 1 in figure 5. 
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Figure 6—Confined Flame Propagation: Accelerating Flame Front 
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2 3  In a confined space, the inability of the energy to 

dissipate intensifies the flame—more energy is being 
released per unit volume due to the increased 
pressure (compression) of the pressure pulse. The 
elevated pressure and temperature of the pressure 
pulse cause the rate of chemical reaction to increase. 
The increased rate of chemical reaction, in turn, 
causes an increase in pressure and temperature of 
the pressure pulse in front of the flame. This process 
results in the flame front accelerating along the pipe. 
As the flame front continues to travel along the pipe, 
the temperature and pressure of the pressure pulse 
continue to increase—low-speed/low-pressure 
deflagration evolves to medium-speed/medium-
pressure deflagration 2 and then to high-speed/high-
pressure deflagration 3. 

 
Figure 7—Confined Flame Propagation: Reaching Sonic Velocity 
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4  When the flame reaches sonic velocity, the flame comes 
in contact with the pressure pulse. The energy of 
combustion causes a shockwave of highly compressed 
gas to travel at supersonic speed along the pipe. This 
stage of flame propagation is considered the point of 
transition from deflagration to detonation (DDT) 4. 

 
Figure 8—Confined Flame Propagation: Detonation 
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5  As the shockwave travels along the pipe it usually 

detonates continuously. A detonation is defined as a 
flame front traveling at supersonic velocity. 
 
Detonations are self-igniting. The high compression of the 
shockwave heats the gas above the ignition temperature 
of the gas. Detonations are violent because the 
shockwave contains a large mass of compressed gas that 
ignites all at once, releasing a large amount of energy. 
 
The detonation will continue to travel along the pipe as 
long as the conditions in the pipe remain the same 5. 

 
The distance at which the various stages of deflagration and 
detonation occur depends on a variety of factors, including the 
type of fuel or mixture of fuels that is in the confined space. For 
a specific fuel and set of conditions, the distance that each 
event occurs from the point of ignition depends on the diameter 
of the pipe—the larger the pipe diameter, the longer the 
distance from the point of ignition for each event to occur. For 
example, in a 150 mm (6 in.) pipe, a propane and air mixture at 
atmospheric pressure and 20°C (68°F) will detonate at a 
location in the pipe between 10 and 15 m (33 and 50 ft) from 
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the point of ignition. The distance from the source of ignition at 
which the detonation would occur would double if the pipe 
diameter doubled to 300 mm (12 in.). 

3 Principles of Flame Arrestor 
Operation 

For combustion to occur and be sustained, three elements 
must be present: oxygen, fuel, and a source of ignition (a 
source of high temperature). 
 
If any one of the three elements is 
missing, combustion cannot take place. 
Flame arrestors eliminate heat, one of 
the three elements. All flame arrestors 
function by dispersing and cooling the 
flame front to a temperature below the 
ignition temperature of the flammable 
gas in the system. 

 

gas
consumed gas

flame arrestor element�
quenches flame

flame arrestor �
housing  
 
To effectively quench the flames, arrestors must rapidly transfer 
the heat from the flame to the arrestor and sustain the heat 
transfer over a long period of time (e.g., two hours). Arrestors 
accomplish these goals in three ways: 
 
1) Heat conducting material—The arrestor element which 

absorbs the heat is made of a material, such as metal or 
metal-ceramic media that readily conducts heat. 

 

Figure 9—Fire 
Triangle 

Figure 10— 
Flame Arrestor 
Operation 
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2) Large surface area—The element exposes the flame to a 
large heat-conducting surface area so that a large quantity 
of the heat is rapidly transferred from the flame to the 
element. A large surface area is achieved by using spiral-
wound crimped ribbon or metal-ceramic beads to form 
flame cells.  

 
 

End of Sample 
 
A full licensed copy of this kit includes: 
• Training Module and Self-Check 
• Knowledge Check and Answer Key 
• Blank Answer Sheet 
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