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Some explosion topics with “gaps”

• Autoignition.
• Low temperature oxidation, safe operating conditions 

in oxidation processes.
• Aerosol explosions.
• Sub grid modelling – the PDR assumption.
• DDT in congestion, high energy jet ignition.
• Blast wave/flame front interactions.
• Explosion loading – response of structures.
• Modelling variations in stoichiometry in real clouds.
• Modelling the clouds in the first place!



API RP 581 Risk Based Inspection – what a 
shocker!



API RP581 – what can we conclude

• No VCEs for liquids.
• No VCEs for gases above their AIT.
• No Texas City incident!

• TNT equivalence is recommended. TNO-ME 
and Baker-Strehlow mentioned but dismissed 
as “too complex”!

• Credit is taken for mitigation of VCEs by 
blowdown, fire water and foams!



Aerosol explosions

• Mists can explode below flash point.
• Mists should be in the right droplet 

size range and concentration.
• What is the risk, severity?
• Crank cases, hot oil pumps, boilers.
• Are regulations (DSEAR, ATEX) 

adequate/over the top?



Explosion hazard modelling

• The PDR assumption.
• Modelling real clouds – assume all stoichiometric and 

uniform? Initial turbulence? Equivalent stoichiometric 
cloud size?

• The DDT in congested but unconfined areas.
• Flame front/blast wave interaction ignored.
• Simple models can over- or under- predict.
• What about the more exotic fuels? EO, PO, CS2,

mixtures.
• There is no alternative but to use complex models for 

complex geometries. Need for fast, accurate 
screening tools.



Modelling Congested Vapour Cloud 
Explosions

CFD, e.g. EXSIM

NS Equations with 
Porosity/Distributed 
Resistance (PDR)

Parameterisation of 
interaction of flow and 
flame with sub-grid 
obstacles is crucial



The resolution problem

• The CAD representation of an offshore platform may 
contain 100,000 objects

• Pipes down to dimensions of 50mm or less can have 
a significant effect on the flame surface area, hence 
the rate of combustion, hence explosion development

• Using  a million computational cells, we can typically 
use a cell size of about 0.5 m

• Fully-resolved computations would require cells 100 
times smaller (linear). So would perhaps need 
computers with a million times greater capacity

• Hence the use of sub-grid modelling – “PDR”



Porosity/distributed resistance

• Area porosities in the mass and diffusion 
fluxes

• Volume porosities in appropriate source and 
transient terms

• Sub-grid obstacle resistance source term in 
momentum equations 

• Sub-grid obstacle turbulence source term in 
k- ε equations

• Sub-grid flame area source term enhances 
combustion (in addition to effect of turbulence 
increase)



Sub-grid terms in , e.g. continuity and 
momentum equations
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A Refinery Incident
• Explosion in a solvent vacuum 

distillation column. 
• 2 pumps at bottom failed. Feed 

(kerosene) stopped. Liquid 
drained to a downstream vessel.

• Air entered column via 
atmospheric vent (vac pump not 
strong enough and non-return 
valve passing).

• 15 hours remaining liquid feed at 
200C at bottom. Pumps repaired. 
Then 2 hours with heat to >200C. 
50-100C at top of column.

• Add new feed, “BOOM”.   



A Refinery Incident, cont.

• Kerosene below AIT but 
undergoes pre-ignition 
reactions. Slow oxidation 
starting at about 140C.

• Cold feed causes P drop, 
and movement of O2 rich 
mixture down the column + 
mixing into higher T region.  
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A Refinery Incident, summary

• Modifications to the vac system led to situation 
where air could enter the column.

• Scenario not considered.
• Air ingress followed by pre-ignition reactions, 

probably led to cool flames followed by 
explosion.

• Potential for this in other vac systems.
• Many engineers not aware of LTO and 

assume min AIT.



General 
reaction 
paths. All 
start at 
green.

Flammability diagram showing 
areas (green) where 
spontaneous combustion 
reactions may occur leading to 
flame propagation or 
explosion.



Schematic representation of oxidation phenomena 
below the AIT



In traditional explosion theory, phenomena such as 
induction time and cool flames may not be covered 
sufficiently in all applications. Operation outside the 
(traditional) flammability regime and below AIT may 
seem safe but slow oxidation may lead to unexpected 
explosion behaviour.



Flame arrestors 

• Min. exptl safe gap (MESG) determination for 
mixtures at elevated temperatures.

• E.g. 
Component Name Worst case 

  % mole 
H2  20.62
CH4  28.53
C2H4  26.31
C2H6  8.04
C3H6 propene 9.72
C4H6 1,3-butadiene 2.36
C4H8 1-butene 2.00
C5H10 1-pentene 1.56
C6H6 benzene 0.86
Sum   100.00
 



Probability of ignition inside process 
vessels
• Scenario, EO vapour concn exceeds threshold of 
flammability.

• Vessel contains stirrer and various sensors. 

• Operating pressure is around 3-4 
barg. However, the vessel MAWP is only about 5 
barg, so if vapor-phase decomposition of EO 
begins, it would most likely exceed the vessel 
pressure rating.

• Need for information on MIE to answer this 
question.
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