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INTRODUCTION

This document has been prepared by Mr Hanko from BKI, representing the Hungarian National Committee, relating to some basic aspects of flame transmission according to  IEC 79-1.

This document will be discussed during the upcoming meeting of the ExTAG, 8+9 October 2001, in Bern.

ExTAG members are asked to give this matter consideration prior to the ExTAG meeting.

Subject: Flame transmission test according to IEC 60079-1

As during the past IEC TC 31 (SC 31A) meetings in Houston and Sydney, then last in Seoul I disclosed in detail in writing, the flame transmission test process, according to the standard concerning flameproof enclosure (IEC 60079-1), is theoretically unfounded, and during the practical tests it results in diverging (sometimes undefinable) safety factors. I made a proposal for the correct test.

I am giving the brief summary of the same as follows: 

1.
During the test for flameproof enclosure it is clear that the safety factor (correctly) refers to the given combustible gas-air mixture. The test shall be performed at atmospheric pressure, applying the representative mixture giving the maximum end pressure, which means that the safety factor K will be 1. Multiplying the static pressure by 1.5, the value of the safety factor in case the test is successful, will be K = 1.5.

2.
If the safety factor is referred to the enclosure itself (e.g. in case of tests for flameproof enclosures to the reduction of the wall thickness, in case of flame transmission tests to the increase of the gap size), it is easy to see that the safety factor will be divergent for the enclosures of different volume and shape, which can be interpreted for the given enclosure only, and neither theoretically nor practically can be determined accurately. Thus, it is always the gas-air mixture that guarantees the safety factor.

Summary

According to those disclosed above, the principle of the flame transmission test is in contradiction to the principle applied for the tests for flameproof enclosure; according to point 2 it is not well-founded theoretically and the value of the practically obtained safety factor is undefinable. 

Proposal

In case of the flame transmission test, similarly as for the tests of flameproof enclosure, it is the gas mixture itself that has to be considered. Since the classification of the gases, vapours, mists themselves is also based on flame transmission (see Publication IEC 79-1A), the method is a relatively simple one. 

a) 
The K = 1 safety factor can be determined by means of the following gas mixtures
(T = 293 K, p = 1 bar)

Group
Gas
Most incendive mixture v/v %

I
CH4
Methane
8.20

IIA
C3H8
Propane
4.20

IIB
C2H4
Ethylene
6.50

IIC
H2
Hydrogen
27.00

Table 1

Enclosure 1


Group
Gas
g 0
g 100
Mixture with K = 1.5 (g 100)

I
Methane
     = 760 (m
     = 833 (m
8,25 v/v % C2H4

IIA
Propane
     = 613 (m
     = 633 (m
54,3 v/v % H2 *

IIB
Ethylene
     = 433 (m
     = 446 (m
45,3 v/v %H2

Table 2

Note:
 

    1) On the basis of the attached curves it can be seen that theoretically two gas concentrations correspond to each safety factor. From among them, we selected by way of experiments the one applicable with a better reproducibility on the basis of the tests. 

    2)
Theoretically the value of 54.3 v/v % H2 is suitable for group IIA, however, due to its practical reproducibility (uncertainty) it cannot be proposed. This concentration belongs to the strongly rising section of the curve, thus its reproducibility is very low (uncertainty). 

   3)
Ethylene is not the most incendive gas in its own group.   


In group IIB g 100 = 500 (. Thus the supplementary safety factor of 
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 = 1.3 must also be used, which, relating to ethylene will be of the value: K = 1.3 x 1.5 = 1.95. This value is the determinant.

Group
Gas
g 0
g 100
Mixture with K = 1,95 safety factor (g 100)

IIB
Ethylene
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= 343 (m
  21 v/v % H2 or

34,3 v/v % H2

  4)   In case of H2: g 100 = 300 (m. If the safety factor K = 1.5, g 100 = 
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At 2 bar pressure this will be guaranteed by 16.5 v/v % resp. 33 v/v % H2 concentration. 

b)
Practical implementation

     1)
For the research tasks (for making the appropriate curves) it is required to determine both the g 0 and g 100 values. This task can be carried out according to Figure No. 1.
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Figure No. 1


The gas - air mixture shall be checked as follows:

MESG No. 1 (g 0)
Ignition in internal chamber
Yes

 
Ignition in external chamber
No

MESG No. 2 (g 100)
Ignition in internal chamber
Yes

 
Ignition in external chamber
Yes

   2)
For the practical (routine) tests the following layout is adequate (Figure No. 2)
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Figure No. 2



Condition of the successful test:


MESG No. 2 (g 100)
Ignition in internal chamber
Yes

 
Ignition in external chamber
Yes

c)
From practical point of view the test can be completely repeated; the factor of uncertainty is extremely low.


The gap sizes of the apparatus must be observed according to the design and the practical applicability. 


The gap size shall be the specified maximum value occurred in practice, adjusted by means of a torque spanner. 

Conclusion:

 
The process, in theoretical point of view is well-founded and is in harmony with the criteria of the test for flameproof enclosure. 


From practical point of view it can be carried out easily and is reproducible. The factor of uncertainty is of the minimum. 

Summary:

1)
Theoretically the process is well-founded and results uniformly in a safety factor of K = 1.5. 

2)
Its practical implementation is extremely simple – it can be reproduced with the same result – it is not necessary to increase the gap sizes, and no combustible gas of more components is required to be applied. 


(The application of methane + hydrogen mixture of the suitable accuracy supposes the usage of a rather expensive gas analyser). 

3)
The tests carried out by us resulted in the following practical experiences (with special regard to reproducibility)

         a)
Purity of the combustible gas shall be of 99.5 v/v % accuracy at least. 


         b) 
The mixing inaccuracy of the gas – air mixture cannot be more than 0.1 v/v % of the combustible gas. 

         c)
The pressure of the gas – air mixture shall be between 1000-1013 mbar. 

         d)
The external temperature shall be between 20-25 oC. 

         e)
The relative humidity of the gas – air mixture shall be below Rh ( 50 %.

P.S.

Note:

a) Non-correct test method can result in the reduction of the required level of safety, or the needless increase of the price of the apparatus (maybe both). 

b) Recently a negative trend has presented itself whereby the technical background is neglected in favour of the administrative work. No development of the technical background has been on for years. Moreover, things have gone so far that even experts are less aware of the purpose and mode of its applicability. 

János Hankó

Director of 
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Budapest, 21st July 2001
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