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1 INTRODUCTION 2

1 Introduction

Flame arresters are used in chemical processing facilities to prevent flames from burning into

process vessels during either emergency relief or normal operations. Flame arresters 1 work by

forcing the flame through one or more narrow passages that are long enough to decelerate the flow

and increase the residence time for heat transfer and that are small enough to increase heat loss

from the flame surface to prevent the flame from propagating.

Although we can make the flow path tortuous with a very large surface to volume ratio and resi-

dence time, we need to consider operational requirements dealing with pressure drop and plugging.

Flame arresters will not function properly and will still transmit a flame if they heat up too much. It

is a good practice to have a temperature monitored flame arrester that can detect a stabilized flame

at the flame-arresting element(s).

Flame arresters can be installed at the end of a relief line and/or directly on a storage tank or process

vessel. These arresters are referred to as ”End of line flame arresters”. They are used to protect

against the flame spreading from the outside atmosphere to the inside of the vessel. Flame arresters

that are installed in piping systems to protect the downstream equipment from flame propagation

and/or a deflagration are referred to as ”Inline flame arresters”.

Figure 1: Laminar flame propagation in a circular pipe

2 Heat Generation vs. Heat Loss

Figure 1 illustrates a laminar flame that is propagating back towards the process. The flame is prop-

agating at a laminar burning velocity Su (' 0.5 m/s) and as it propagates it consumes unreacted

1Flame arresters have some similarities/differences from detonation arresters. Detonation arresters will be dis-

cussed in a future publication.
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2 HEAT GENERATION VS. HEAT LOSS 3

material and loses heat to the pipe wall. The heat production rate by combustion can be calculated

as a function of the burning velocity and the theoretical adiabatic flame temperature, Tfa:

Q̇combustion =
πD2

4
ρuSuCpu (Tfa − Tw) (1)

The flame also loses heat to the pipe wall over the flame front thickness:

Q̇loss = πDδfh (Tf − Tw) (2)

h =
Nuku

D
(3)

δf =
αu

Su

(4)

αu =
ku

ρuCpu

(5)

where Nu is the Nusselt number which is measure of convective heat transfer over conductive heat

transfer and is typically correlated with Reynolds and Prandtl numbers2. αu is the thermal diffu-

sivity of the unburnt material, h is the heat transfer coefficient, Tf is the actual flame temperature

after accounting for heat loss to the wall, Tfa is the theoretical adiabatic flame temperature without

any heat loss which depends on the combustion stoichiometry, and δf is the flame thickness.

We can show by arranging the above equations that the critical value of pipe flow diameter required

to arrest or quench a flame is equal to:

D ≤
(

αu

Su

)

√

4Nu

[

Tf−Tw

Tfa−Tw

]

√

Q̇loss

Q̇combustion

=

(

αu

Su

)

√
C

√

Q̇loss

Q̇combustion

(6)

We note from equation 6 that D decreases with increasing burning velocity. If we assume that the

wall temperature is equal to Tu = 300 K, a theoretical adiabatic flame temperature of 2, 300 K, an

actual flame temperature of 1, 400 K at which the flame will not propagate for most hydrocarbon

flames (see Melhem [1]), we can show that C is approximately equal to 9:

C = 4Nu

[

Tf − Tw

Tfa − Tw

]

' 4 × 4 × 1400 − 300

2300 − 300
' 8.8 (7)

The larger the value of

√

Q̇loss

Q̇combustion
, the smaller the value of D becomes. The ratio of heat loss to

heat production that is required to stop the flame from propagating typically ranges from 10 to 20

% for hydrocarbon systems. If we take an upper bound of 20 %, we can then show that in order

to quench/arrest a flame propagating at laminar burning velocity, the maximum pipe flow diameter

should be:

D ≤
√

8.8√
0.2

(

αu

Su

)

≤ 6.6

(

αu

Su

)

(8)

2For fully developed laminar flow, Nu equals 3.66 for constant surface temperature conditions and 4.36 for constant

heat flux conditions.
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3 LAMINAR BURNING VELOCITY 4

Flame arresters can have flow path geometries that are not circular. Since the hydraulic diameter

provides a good representation of surface to volume ratio, it can be substituted for D in the above

equation:

DH ≤ 6.6

(

αu

Su

)

(9)

The form of Equation 9 is sometimes represented in the literature in terms of a critical Peclet

number:

NPe =

(

Su

αu

)

DH or DH ≤ NPe

(

αu

Su

)

(10)

A critical Peclet number of 42 is reported for propane [2].

3 Laminar Burning Velocity

In general the laminar burning velocity can be represented using a power law function of pressure

and temperature [3, 4]:

Su = Su,o

[

T

To

]α [

P

Po

]β

(1.0 − 2.1Ydil) for P ≥ Po (11)

Su,o = Bm + Bφ (φ − φm)2
(12)

α = 2.18 − 0.8 (φ− 1) (13)

β = −0.17 + 0.22 (φ − 1) (14)

φ =

[

Mfuel

Moxidizer

]

actual
[

Mfuel

Moxidizer

]

stoichiometric

=

[

Nfuel

Noxidizer

]

actual
[

Nfuel

Noxidizer

]

stoichiometric

(15)

where Su,o is the reference laminar burning velocity, Po and To are the reference temperature and

pressure in absolute units, φ is the equivalence ratio, Bm is maximum flame speed attained at

equivalence ratio φm, Bφ quantifies the dependence of flame speed on equivalence ratio, Ydil is the

mass fraction of diluents, α is the temperature exponent, and β is the pressure exponent.

If we consider α = 2.18 and β = −0.17 to be representative of most hydrocarbon fuels pressure

and temperature dependency, then DH will decrease with increasing temperature and increase with

increasing pressure. Data for laminar burning velocity for a wide variety of fuels is provided in

Appendix A.

4 High Flame Speeds

For high flame speeds, say ≥ 15 m/s, the criteria provided by equation 9 is not sufficient. With

high flame speeds, the flame arrester has less time to extract heat from the flame. High flame

speeds also cause localized overpressure which can cause structural damage to the flame arrester
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5 MAXIMUM EXPERIMENTAL SAFE GAP 5

and can push hot combustion products through the flame arrester. For high flame speeds, the flame

arrester needs to have sufficient pressure drop to decelerate the flame and sufficient length to allow

extraction of sufficient heat to stop flame propagation.

Figure 2: Flame quench data for methane/air at φ = 1.1. Low flame speed, 80 F. [5]

Theoretical analysis and test data show that the critical length correlates with flame speed and

critical diameter:

L ≥ NSfD
n
H (16)

where N is a constant typically ranging from 20 to 100, Sf is the actual flame speed, and n is

approximately 2. In the case of methane, it is reported that flame arrester length of 1 inch, and

a critical diameter of 0.03 inch will work for both low and high flame speeds at any flammable

composition (see Figures 3 and 2).

5 Maximum Experimental Safe Gap

The concept of a critical DH is essentially the same concept as that of a maximum experimental

safe gap (MESG). MESG is measured for flammable gas mixtures as shown in Figure 4. MESG

is the distance between two parallel 25-mm long metal surfaces that is found to prevent flame

propagation under a specific set of test conditions.
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6 SELECTING THE RIGHT FLAME ARRESTER 6

Figure 3: Flame quench data for methane/air at φ = 1.1. High speed flame at 67 ft/s [5]

MESG values are used to classify the potential of flammable gases/vapor to produce flame flash-

back and/or explosions as shown in Table 1. The groups shown in Table 1 are used to select flame

arresters.

6 Selecting the Right Flame Arrester

A flame arrester manufacturer [6] will need information related to service, identity and composition

of the flammable gas mixture, physical properties of the gas mixture including molecular weight

and density, the expected volumetric and mass flow rate, normal operating and maximum operat-

Table 1: Explosion group classification for flammable gases using MESG [6]

MESG International Electrochemical National Electrical Reference

mm Commission (IEC) Code (NEC) Material

1.14 I - Methane

> 0.9 IIA D Propane

0.5 to 0.9 IIB C Ethylene

< 0.5 IIC B Hydrogen
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7 CONCLUSIONS 7

Figure 4: Maximum experimental safe gap test data for selected flammable gases [6]

ing temperatures and pressures, pressure drop constraints, type of flame arrester, piping size and

connection type, flame arrester housing material, flame arrester elements material of construction,

proper flame arrester material of construction that minimizes sparking and electrostatic charging,

and most important documentation requirements.

7 Conclusions

Selecting the right flame arrester (see Figure 5) requires an understanding of how flame arresters

work, physical properties, transport properties, flammability properties of the gas or vapor mix-

tures, and test data where applicable. While test data may be available for pure components and

some limited mixtures at ambient conditions, extrapolation of this data to higher pressures and/or

higher temperatures requires careful scaling using detailed chemical equilibrium calculations with

computer codes such as SuperChems Expert(TM). Oxygen rich mixtures and mixtures containing

materials that can support decomposition flames should be treated with care.
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A LAMINAR BURNING VELOCITIES FOR SELECTED MATERIALS 9

A Laminar Burning Velocities for Selected Materials
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