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●● CFD modellingCFD modelling

●● Validation experimentsValidation experiments

●● Design of electrical apparatus Design of electrical apparatus 

●● ““Inherently safer plantsInherently safer plants””

●● NanoNano--particle dust explosionsparticle dust explosions

●● Education and trainingEducation and training
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CFDCFD--modellingmodelling

Predicting the course of dust explosions for Predicting the course of dust explosions for 
realistic industrial plant scenarios is very realistic industrial plant scenarios is very 
demanding. Differentiation and tailoring will be demanding. Differentiation and tailoring will be 
required to a steadily increasing extentrequired to a steadily increasing extent

CFDCFD--based modellingbased modelling seems to be the only seems to be the only 
feasible approach for the foreseeable future    feasible approach for the foreseeable future    

Adequate CFDAdequate CFD--modelling requires that relevant modelling requires that relevant 
basic phenomena are understood and basic phenomena are understood and 
adequately accounted foradequately accounted for

These challenges will be discussed later this These challenges will be discussed later this 
morning by morning by TrygveTrygve SkjoldSkjold
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A special CFD challenge:A special CFD challenge:

Dust explosion development in Dust explosion development in 
coupled systemscoupled systems
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Experimental validation of CFD Experimental validation of CFD 
models is crucialmodels is crucial

FullFull--scale experiments essentialscale experiments essential

This will be discussed later this This will be discussed later this 
morning by morning by KeesKees van van WingerdenWingerden
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Design of electrical apparatus for Design of electrical apparatus for 
use in areas containing use in areas containing 

combustible dustcombustible dust

Dusts differ from gases in some very Dusts differ from gases in some very 
significant wayssignificant ways
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� flammability/explosibility limits

� laminar burning velocities and quenching distances

� response of burning velocity to cloud turbulence

� detonation phenomena

� adiabatic constant-volume explosion pressures

� well-defined minimum ignition energies

� well-defined minimum ignition temperatures

GasesGases andand dust cloudsdust clouds have similarhave similar
ignitionignition andand combustioncombustion propertiesproperties
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The crucialThe crucial difference difference betweenbetween dusts dusts 
andand gases gases is in how the explosive is in how the explosive 

cloudsclouds are are generatedgenerated
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� explosive dust clouds

� explosive gas clouds

in the process industries

?

Where do we findWhere do we find
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Dust particles
cannot migrate
through narrow 
holes and gaps
in walls and form 
explosive clouds 
on the down-
stream side, as 
gas molecules 
can
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Terminal box of Terminal box of 
geared motor unit geared motor unit 
with IP 65 with IP 65 
protection, after protection, after 
standard dust standard dust 
ingress test ingress test 

No sign of dust No sign of dust 
inside enclosureinside enclosure

(From Greiner, (From Greiner, 
Germany)Germany)
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Clarification of Clarification of basic gas/dust basic gas/dust 
differencesdifferences is entirely is entirely absent in absent in ‘‘ATEXATEX’’
(directives 94/9/EC and 1999/92/EC and (directives 94/9/EC and 1999/92/EC and 

supporting/derived documents)supporting/derived documents)
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A mixture with air , under atmospheric 
conditions, of flammable substances in 
the form of gases, vapours, mists or
dusts , in which, after ignition has 
occurred, combustion spreads to the 
entire unburnt mixture

Definition of Definition of explosive atmosphere

(dir. 94/9/EC, article 1, item 3)(dir. 94/9/EC, article 1, item 3)
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With dusts , layers and deposits
constitute an additional state for
combustion propagation that satisfies the 
ATEX definition of an explosive 
‘atmosphere’
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Unfortunate Unfortunate combinationcombination of dust and gas of dust and gas 
standards for design of electrical standards for design of electrical 

apparatuses within the IEC/ATEXapparatuses within the IEC/ATEX--domaindomain
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� The same electrical apparatus can be used
both for gases and dusts

� Argument useful for producers of electrical  
apparatuses, but invalid in objective safety 
standardization , and not optimal for users

Overall argumentOverall argument used by manufacturers to used by manufacturers to 
defend gas/dust alignmentdefend gas/dust alignment
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�The standard is an edited copy of the 
corresponding IEC gas standard (Ex ‘p’)

Erratic inherent assumption

Dust particles that enter the interior of electrical 
apparatus through narrow holes/gaps in the 
enclosure wall can accumulate to form an explosive 
dust cloud inside the enclosures’ in the same way 
as combustible gas molecules can form an explosive 
gas mixture

IEC IEC ‘‘pressurisationpressurisation’’ standard for dustsstandard for dusts
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�This standard is an edited copy of the 
corresponding IEC gas standard. But, a 
special dust ‘moulding’ standard seems 
unnecessary

Note: EN 50281-1-1 (construction and testing of 
electrical apparatus protected by enclosures) contains 
a paragraph on ‘materials used for cementing’ , 
which may be expanded to cover any aspects of 
encapsulation by moulding that may be relevant for 
dusts

New IEC dust New IEC dust ‘‘mouldingmoulding ’’ standardstandard
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● In a few special cases genuine 
Ex'iD’ apparatuses are needed 
(e.g. some capacitive level 
detectors for silos)

● However, the new IEC (2004) 
standard has no differentiation 
IIB gas requirements (MIE = 0.06 
mJ) for all dusts

New New ‘‘ intrinsic safetyintrinsic safety ’’ standard for dustsstandard for dusts
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However, MIEs for dusts cover about 8 orders of 
magnitude, and current standard MIE test method for
dusts offers a simple means for obtaining the required

differentiation

Frequency of occurrence of MIEs of dusts Frequency of occurrence of MIEs of dusts 
From  From  BartknechtBartknecht (1993)(1993)
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New New ‘‘ flame proofflame proof ”” (Ex (Ex ‘‘dd’’ ) standard also ) standard also 
covering covering dusts dusts 

When the basic principle of the When the basic principle of the ‘‘flame flame 
proofproof’’ concept is explained, onlyconcept is explained, only gases gases 
and and vapours vapours are are mentioned mentioned 

Possible reason: Possible reason: Not very sensible to Not very sensible to 
include dustsinclude dusts (and sprays/mists) in this (and sprays/mists) in this 
explanationexplanation
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According to the standard, the According to the standard, the testingtesting of of 
flameproof enclosures to be used in explosive flameproof enclosures to be used in explosive 
dust cloudsdust clouds should be done with explosiveshould be done with explosive
gas gas mixtures, mixtures, notnot with with dustsdusts

The reason given is that testing with gases is The reason given is that testing with gases is 
‘‘simplersimpler ’’ .. The real reason rather seems to be The real reason rather seems to be 
that that testing with dusts would not make testing with dusts would not make 
much sensemuch sense
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NecessaryNecessary adjustmentadjustment ofof
ATEX ATEX ””useruser”” directivedirective

The term 'source of release of dust' should be 
replaced by a more relevant term for dusts, e.g. 
‘area of dust cloud generation’

Dust layers/deposit to be classified in their own 
right with because of possible dust fires

The issue of The issue of dustdust layerslayers outside process outside process 
equipment being a source equipment being a source secondary secondary dust dust 
explosionsexplosions is is not a concern not a concern of conventional area of conventional area 
classification. The Directive should express clearly classification. The Directive should express clearly 
that this is to be considered in a QRA in the that this is to be considered in a QRA in the 
context of explosion context of explosion consequencesconsequences
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��A revisedA revised directivedirective shouldshould express 
clearly that the ways in which 
gas/vapour clouds, and dust clouds, 
are generated, sustained , and 
migrate , are basically different

NecessaryNecessary adjustmentadjustment ofof
ATEX ATEX ””appartusappartus”” directivedirective
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NanoNano--particle dust cloudsparticle dust clouds

Does Does ignition sensitivityignition sensitivity and and explosion explosion 
violenceviolence increase systematically with increase systematically with 
decreasing particle size right down to the decreasing particle size right down to the 
nanonano --particle particle range?range?
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Ongoing research on Ongoing research on nanonano--particle dust particle dust 
explosions will be discussed later this explosions will be discussed later this 
morning by morning by Paul Paul HolbrowHolbrow
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Some important concernsSome important concerns

DispersionDispersion of powder deposits of of powder deposits of nanonano--particles to particles to 
clouds of primary particles, is very difficult in practice clouds of primary particles, is very difficult in practice 
(very strong inter(very strong inter--particle forces)particle forces)

Clouds of Clouds of primary primary nanonano --particlesparticles of mass of mass 
concentrations within the concentrations within the explosive rangeexplosive range will will 
coagulatecoagulate very rapidly to form clouds of very rapidly to form clouds of agglomeratesagglomerates , , 
i.e. of much larger effective particle sizes than the sizes i.e. of much larger effective particle sizes than the sizes 
of primary of primary nanonano--particlesparticles

Delay between dispersion and ignitionDelay between dispersion and ignition important for important for 
ignition sensitivity and explosion rateignition sensitivity and explosion rate
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Inherently safer plantsInherently safer plants
Central role of Central role of powder science and powder science and 
technologytechnology in plant designin plant design

Four basic principlesFour basic principles ((Kletz/AmyotteKletz/Amyotte):):
-- MinimizationMinimization of undesired dust clouds and   of undesired dust clouds and   
layerslayers
-- SubstitutionSubstitution of process equipment and of process equipment and 
proceduresprocedures
-- Moderation/modificationModeration/modification of raw materials,     of raw materials,     

processes and productsprocesses and products
-- SimplificationSimplification of processes and of processes and 
operationsoperations



Rolf K. Rolf K. EckhoffEckhoff , Dept. Physics and Technology, University of Berge n, Norway, Dept. Physics and Technology, University of Berge n, Norway

Design of Design of 
silos and silos and 
hoppershoppers
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Casting of Casting of MgFeSiMgFeSi alloysalloys

Old Old casting method:casting method:
Large flakes of solidified alloy formedLarge flakes of solidified alloy formed
Substantial segregation of Mg during solidificationSubstantial segregation of Mg during solidification
Regions of high Mg content was most brittle and created Regions of high Mg content was most brittle and created 
most and finest dustmost and finest dust

Therefore:Therefore:
More very fine dust than necessary was producedMore very fine dust than necessary was produced
Twice as much Mg in the fine dust than average in productTwice as much Mg in the fine dust than average in product
Because MIE decreased with both decreasing particle size Because MIE decreased with both decreasing particle size 
and increasing Mg content, excessive amounts of dust of and increasing Mg content, excessive amounts of dust of 
very low MIE were generatedvery low MIE were generated
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Casting of Casting of MgFeSiMgFeSi alloysalloys

NewNew casting method:casting method:

Small rectangular solidification flakes Small rectangular solidification flakes 
Markedly reduced Mg segregation, i.e. Markedly reduced Mg segregation, i.e. 
less fine dust and less Mg in finest dustless fine dust and less Mg in finest dust

ResultResult ::
A more homogeneous main product, andA more homogeneous main product, and
a reduced dust explosion hazarda reduced dust explosion hazard
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Education and trainingEducation and training

Proper motivation and dedication is Proper motivation and dedication is 
essential for establishing and maintaining essential for establishing and maintaining 
optimal safety cultureoptimal safety culture

Real experimentsReal experiments are an effective means are an effective means 
of promoting genuine understanding, of promoting genuine understanding, 
dedication and motivationdedication and motivation
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Thank you very much for Thank you very much for 
your attention !your attention !


