


 

Figure 5: Pyrotechnical Igniters filmed with the Schlieren-Setup, 1kJ (upper row) and 5kJ (bottom row) 

The Schlieren-Images of the Exploding Wire were similar to those of the Pyrotechnical Igniters: During the first 
10 ms no difference could be observed between the visible flame and a surrounding heated atmosphere. 
For the induction spark convection of the air within the two electrodes was observed (see Figure 6), that means 
the ignition energy does not stay in place but gets shifted away within 0,2 s and especially within 0,5 s. This is 
especially astonishing since in the European standard about the determination of maximum explosion pressure 
and the maximum rate of pressure rise of gases and vapours it is allowed to increase the burning duration from 
0,2 s to 0,5 s, if the mixture is not ignitable. If the energy is carried away because of convection from the 
electrodes, increasing the burning duration is increasing the number of sparks from 20 to 50 single sparks all 
having the same effect on the substance. A reason, why increasing the number of sparks donated to the mixture 
made a difference in the past may be an artefact of the gear used: Testing the induction spark of another 
laboratory it was observed, that the relay closing the circuit had an unwanted delay-time of about 30 ms when 
closing but none when opening. Some older gear might be even worse, so shifting the closing time of the relay 
from 0,2 s to 0,5 s might have resulted in an increase of the burning duration from some Milliseconds to at least 
over 0,3 s respectively from a few sparks to at least over 30, what leads to a real difference in probability of 
igniting the mixture. 

 

Figure 6: Induction spark filmed with the Schlieren-Setup, 0,2 s (200 ms) of ignition duration (top) and 0,5 s (500 
ms) ignition duration (bottom) 
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The Schlieren Images of the Surface-Gap Spark showed a shockwave and an igniting volume about the same 
size of the induction spark. Both, the shockwave pushing the dust away and the comparably small igniting 
volume may be the reason, why the surface-gap spark is not used for dusts. Whether or not the dust really gets 
pushed away from this ignition source will be analyzed in the future. 

4. Conclusions 
It was shown, that for the fast-acting ignition sources, exploding wire and pyrotechnical igniter, there is no 
difference between the initial igniting volume and the visible flame. The visible flame however fills the whole 
testing apparatus in case of a 20L-sphere. For the slower-acting one, the induction spark, a flow of heat from 
the ignition point within the burning duration was observed. This is especially astonishing, since some standards 
allow to increase the burning duration from 0,2 s to 0,5 s if there is no ignition with 0,2 s. This leads to the 
conclusion, that not simply the ignition energy but also the ignition probability is the reason, why a difference 
can be observed between the two burning durations. The tests with the surface gap spark showed, that a 
shockwave is emerging from the pencil lead. This might be the reason, why this ignition source is not suitable 
for dusts. 
In upcoming databases and literature-values and also in standards it should be considered to not only state the 
ignition energy, but also how it was measured, which one was taken, what shape it had and an estimation about 
the ignition time and power density to gain a robust fundamental knowledge on safety characteristics. The Initial 
igniting Volume to test-vessel ratio is also an approach to estimate the influence of the ignition source on the 
determined safety characteristics. 

Acknowledgments 

This work was funded by the Federal Ministry for Economic Affairs and Energy under the support code 
03TNH006C. 

References 

ASTM 1226 – 12a - Standard Test Method for Explosibility of Dust Clouds, ASTM International, West 
Conshohocken 

ASTM 681-09 - Standard Test Method for Concentration Limits of Flammability of Chemicals (Vapors and 
Gases), ASTM International, West Conshohocken 

ASTM E1515 – 2007 - Standard Test Method for Minimum Explosible Concentration of Combustible Dusts, 
ASTM International, West Conshohocken 

ASTM E 2079 - 2000 - Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and 
Vapors, ASTM International, West Conshohocken 

Bunjong D., Pussadee N., Wattanakasiwich, P., 2018, Optimized conditions of Schlieren photography, Journal 
of Physics: Conf. Series 1144 

DIN EN 14034:2006 - Determination of explosion characteristics of dust clouds, Beuth-Verlag, Berlin 
DIN EN 1839:2017 - Determination of the explosion limits for flammable gases and vapours, Beuth-Verlag, 

Berlin 
DIN EN 15967:2011 - Determination of maximum explosion pressure and the maximum rate of pressure rise of 

gases and vapours, Beuth-Verlag, Berlin 
DIN EN ISO 10156:2017 - Gas cylinders – Gases and gas mixtures – Determination of fire potential and 

oxidizing ability for the selection of cylinder valve outlets, Beuth-Verlag, Berlin 
Glor M., Schwenzfeuer K., 2005, Direct Ignition tests with brush discharges, Journal of Electrostatics, 63, 

463-468 
Hertzberg M., Cashdollar K. L., Zlochower I. A., 1986, Flammability Limit Measurements For Dusts And Gases: 

Ignition Energy Requirements And Pressure Dependencies, Twenty-First Symposium (International) On 
Combustion, 303-313 

Merlin P., 2020, Schlieren Images Reveal Supersonic Shock Waves, 
https://www.nasa.gov/centers/armstrong/features/shock_and_awesome.html, accessed 08/02/2022 

Settles G. S., 2001, Schlieren and Shadowgraph Techniques, Springer Verlag Berlin 
Settles G. S., Hargather M.J., 2016, A review of recent developments in schlieren and shadowgraph techniques 

Measurement Science and Technology, 28, 042001  
Spitzer S., Askar E., Schröder V., Krietsch A., 2021, Comparative study on standardized ignition sources used 

for explosion testing, Journal of Loss Prevention in the Process Industries, 71, 104516 

522

https://www.nasa.gov/centers/armstrong/features/shock_and_awesome.html



