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Summary

The paper describes an apparatus developed for determining Maximum Experimental
Safe Gaps (MESGs) of gases and vapours up to 130°C. The apparatus is particularly useful
for liquids that vaporise only at elevated temperatures. The method is rapid and accurate.
The MESGs of over sixty organic compounds are listed.

Introduction

The Maximum Experimental Safe Gap (MESG) of any gas or vapour that
can form a flammable atmosphere with air is measured as the maximum
normal distance between parallel surfaces that will prevent the explosion of
any gas—air or vapour—air mixture on one side of the gap from igniting any
mixture of the same gases on the other side. The MESG is important for the
design of flameproof enclosures for electrical equipment used in flammable
atmospheres.

Although a theory developed by Phillips [1] explains the behaviour of the
safe gap,and gives a method for MESG calculation, in many cases the data
needed to carry out the calculation are either unreliable or not available, so
it is still necessary to rely on experimental measurement when practical
values of the MESG are required.

This paper describes an apparatus developed for the routine measure-
ment of MESGs by the Research and Laboratories Services Division (RLSD)
of the Health and Safety Executive. The main feature of the apparatus is
that measurements can be obtained for liquids that form flammable vapours
only at elevated temperatures.

Apparatus
An apparatus for the determination of MESGs consists of a chamber

connected by a variable gap to a much larger surrounding chamber. The gas
or vapour being tested is mixed with air to form an explosive mixture which
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is ignited in the internal chamber by an electric spark. The external chamber
contains an explosive mixture of the same fuel and air, but not necessarily
with the same composition as the internal mixture.

The connecting gap is varied by small standard amounts until, for a given
internal fuel—air mixture, the safe gap that just prevents ignition of any
external mixture is found. The concentration of the internal fuel—air mix-
ture that has the smallest safe gap must be found by trial and error, and the
smallest safe gap is taken as the MESG of that particular fuel. In practice the
MESG is obtained on the understanding that a specified probability of ex-
ternal ignition is not exceeded. A gap slightly larger than the MESG allows
a greater probability of external ignition for at least one combination of
fuel—air mixtures.

Over many years a large number of MESGs have been measured using a
spherical 8-litre chamber connected to a surrounding chamber by an equato-
rial flange gap 25 mm across [2] ; internal ignition is from a spark gap posi-
tioned 10 mm from the internal edge of the flange. The use of a more com-
pact apparatus has been recommended by the International Electrotechnical
Commission (IEC) [3] and the RLSD apparatus follows the IEC guidelines,
but not the details; the design is a modification of an apparatus reported by
Physikalisch-Technische Bundesanstalt (PTB) [4]. The RLSD apparatus is
shown diagrammatically in Fig. 1.
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Fig. 1. RLSD apparatus for measuring MESGs at normal and elevated temperatures.
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Description of apparatus

Internal chamber

The features of the internal chamber of the RLSD apparatus are similar to
those of the PTB apparatus. The chamber is a sphere of 17 mm radius, with
a volume of approximately 20 ml and is made of stainless steel. (A brass
chamber has been used in some experiments with non-corrosive compounds
in a separate apparatus used only for room temperature measurements.)

External chamber

The external chamber is a 4.5 litre cylinder of diameter 255 mm and
height 90 mm, and is somewhat larger than the PTB design. The external
edge of the flange gap is unobstructed as the presence of obstacles can lead
to erroneous results [5]. The external chamber contains a stirring fan, and
there are four entry ports in the wall of the chamber which allow for align-
ment of gap.

Flange gap

The adjustable flange gap lies in the equatorial plane of the internal
chamber and has a flame path of 25 mm. The external edges of the flange
gap are bounded by 5-mm-wide flat faces and the corners of the gap are
sharp, conforming to the PTB design. The gap is adjusted by a screw-thread
arrangement and the exact width of the gap is measured from a scale on the
micrometer head.

Spark ignition

The mixture inside the internal chamber is ignited by means of a spark
across a 3-mm wide vertical spark gap. The spark gap is positioned in the
equatorial plane 14 mm from the internal edge of the flange gap. Experi-
ments have shown this position to be the most effective ignition point for
this kind of apparatus [4].

Method of heating the apparatus
The apparatus is enclosed in a glycerol bath. The bath is heated by an elec-
tric element and the glycerol is mixed and circulated by a stirring fan.

Introduction of gas or liquid

Phillips {1] has shown that there is no need to differentiate between the
most incendive internal and the most easily ignitable external fuel—air mix-
tures. The fuel—air mixture can be the same at each side of the flange gap
and a single most dangerous mixture found at which the MESG can be
measured.

If the test substance is a gas, a fuel—air mixture of known proportions is
circulated through the apparatus. If the test substance is a liquid, a known
amount of liquid is injected into the apparatus through a septum seal. Mixing
and circulation inside the external chamber is by a stirring fan; a single
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stroke hand pump which is immersed in the glycerol bath is used to circulate
the gas or vapour through the internal chamber. A uniform mixture can
therefore be obtained in both chambers without a risk of vapour condensing
in the circulation system.

Procedure

The compactness of this apparatus, and a fuller knowledge of the be-
haviour of the MESG, allow simplification of the experimental procedure,
offering several advantages over the 8-litre and the PTB apparatus:

(1) A smaller amount of fuel is required for a complete measurement.

(2) The small size of the internal chamber compared to the external
chamber allows, without introducing appreciable error, four internal
ignitions to be made before fresh fuel need be introduced, provided
there is no external ignition and the mixture is well circulated after
each test.

(3) Phillips and Shaw [6] have shown that a useful practical definition of
the MESG is obtained if the basis for the MESG measurement is speci-
fied such that a gap wider than the MESG will result in at least one
external ignition during twenty consecutive internal ignitions for at
least one fuel—air mixture. In twenty tests with the gap equal to the
MESQG, there will be no external ignitions.

(4) A distinct advantage of a smaller apparatus is that it can be more
readily designed for measurements at elevated temperatures. The
glycerol bath allows measurements up to 130°C. For those liquid fuels
which require the apparatus to be heated, the MESG must be mea-
sured at a temperature that will give a vapour concentration corres-
ponding to the most dangerous mixture of the fuel, which usually lies
on the fuel-rich side of the stoichiometric mixture. The MESGs were
measured at a temperature 10°C greater than the temperature that
would give a vapour concentration corresponding to a fuel—air mix-
ture of equivalence ratio 1.5. Part of the temperature increase provides
a margin of safety preventing condensation of vapour within the
apparatus. The vapour pressure data used in the calculations were ob-
tained from Jordan [7]. The temperature is held constant throughout
the testing of a fuel. The measurement of the MESG begins once the
bath has reached the required temperature and has been held at that
temperature for some time to allow the whole apparatus to reach the
required temperature.

(5) An MESG can be measured in days with the RLSD apparatus rather
than the lengthy period needed for the statistical analysis of the 8-litre
apparatus or for the procedure of the PTB apparatus. The MESGs are
in close agreement with those from the 8-litre and PTB apparatus.
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Preliminary estimate of the most dangerous mixture

When the apparatus reaches the required temperature, a rapid search is
made for a preliminary value of the most dangerous fuel—air mixture. The
approximate safe gaps of a series of fuel—air mixtures are measured roughly
as the gaps that will allow at least one external ignition in four internal igni-
tions. The width of the gap is increased or decreased in standard amounts of
0.02 mm and the mixture with the narrowest safe gap is taken as the pre-
liminary estimate of the most dangerous mixture.

Determination of MESG

The test begins by using the preliminary estimate of the most dangerous
mixture to find a more accurate safe gap based on the twenty internal igni-
tions specification. The width of the safe gap is increased or decreased in
standard amounts of 0.02 mm. The fuel concentration in the mixture is
altered by a small amount (e.g. 0.05 ml of liquid; 0.25% of gas) and the safe
gap for this mixture is determined. This is repeated until a mixture is found
with a safe gap narrower than, or as narrow as, the safe gaps of the mixtures
with slightly lower and slightly higher fuel concentrations. This value is
taken as the MESG of the fuel at the temperature of the test. The ambient
pressure is measured.

Corrections to MESG

Previous routine measurements were seldom made at temperatures higher
than 50°C, and results had been grouped on the assumption that they were
obtained at room conditions. However, the MESG of a fuel decreases as tem-
perature increases and the present results have been corrected to 20°C and
100 kPa (1 atm), so that MESGs can be compared under similar conditions.

Pressure correction

The results have been corrected to 100 kPa (1 atm) using a relationship
between MESG and ambient pressure derived from measurements obtained
in an automatic safe-gap apparatus [6].

The correction is:
_  Measured MESG
Corrected MESG (100 kPa) = 0.35 + (0.0065 X P)

where P is the ambient pressure in kPa.

Temperature correction

MESGs corrected to 100 kPa are subsequently corrected to 20°C. The
correction is derived from results by PTB [4] of the effect of temperature
on the MESGs of methane and ethylene. The temperature correction is not a
simple function: it is dependent on the experimental temperature and the
MESG at room temperature. The correction derived from PTB’s methane
results is different from that derived from their ethylene results. However,
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application of these two temperature corrections to the MESG measure-
ments at 100 kPa gives corrected room temperature and pressure MESG
values differing, in most cases, by less than 0.02 mm, which is the experi-
mental uncertainty of the apparatus. The tabulated room temperature and
pressure MESGs have been obtained by applying the temperature correction
derived from PTB’s ethylene results, which gives a slightly lower value of the
room temperature MESG, erring on the side of safety.

The correction is:
o — Corrected MESG (100 kPa)
Corrected MESG (100 kPa, 20°C) 1.1061-(0.0071 X T)

where T is the experimental temperature in °C.

Results

The measurements are tabulated in Table 1. The flash point, the experi-
mental temperature and MESG at that temperature, the MESG corrected to
100 kPa and 20°C and the grouping of the corrected MESG are given.

The groupings laid down the International Electrotechnical Commission
[6] are as follows:

Group 1 —  Firedamp only

Group ITA — MESG>= 0.9 mm
Group IIB —  0.9> MESG > 0.5 mm
Group IIC — MESG < 0.5 mm

Conclusions

An apparatus and procedure for the measurement of Maximum Experi-
mental Safe Gaps have been described. The apparatus can be used to measure
MESGs of gases and vapours up to temperatures of 130°C, widening con-
siderably the number of compounds for which measurements can be ob-
tained. The procedure has advantages in that it is both rapid and accurate.
Measurements obtained are in close agreement with those from both the
8-litre apparatus and the 20-ml apparatus developed by PTB.

©® Crown copyright 1982

References

1 H. Phillips, The mechanism of flameproof protection, SMRE Research Report No. 275,
1971.

2 G.A. Lunn and H. Phillips, A summary of experimental data on the maximum experi-
mental safe gap, SMRE Report No. R2, 1974.

3 International Electrotechnical Commission (IEC), Document 31.A(Secretariat),
22, 1971,



340

4 K. Nabert, The significance of a standard apparatus for testing safe gaps for the safety
of electrical equipment in respect of explosion hazard, Paper IEC/SC 31A/WG3,
Physikalisch-Technische Bundesanstalt, 1967.

5 D.W.Woodhead, D.H. Jones and J.R. Blackwell, Flameproof enclosures: environ-
mental effects on the maximum safe gap for one inch flanges with hydrogen/air mix-
tures, ERA Report D/T 129, 1961.

6 H. Phillips and S.K. Shaw, A statistical evaluation of the ‘‘safe-gap”, paper to the
Fourteenth International Conf. of Mine-safety Research Establishments, 1971.

7 T.E. Jordan, Vapour Pressure of Organic Compounds, Interscience, 1959.



