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Abstract

The article investigates the simulation of the dispersion of spruce dust particles by CFD (computational fluid
dynamics) simulations for the purpose of explosion protection. Measurements of the maximum explosion
parameters of Norway spruce wood dust were performed in the VA-20 autoclave device. The obtained explosion
parameters depend on the quality of the homogeneous concentration of dispersed dust in the autoclave. To
determine the quality of the homogeneous environment created in the autoclave, CFD analysis by Ansys software
was used. The results of the simulations from CFD analysis showed the formation of eddy currents, which push
the dust particles to the walls of the autoclave and to the point of initiation, where the concentration is
approximately 2.5% higher than predicted by calculations for homogeneous environments and for which explosion
parameters are determined. Based on the simulation it is possible to adjust the method of dust dispersion in the
autoclave by changing the shape of the dust spreader or by delaying the initiation time which clarifies the obtained
explosion parameters of explosive dusts.

Keywords: Norway spruce; dust particle size; maximum explosion parameters; Computational fluid dynamics
(CFD) analysis

1. Introduction 1 Uvod

Explosions of flammable dusts cause serious Vybuchy horlavych prachov spdsobuju
risks and losses in the production process. vazne rizika a straty vo vyrobnom procese.
Detailed investigations of accidents and Podrobné vysetrovania ich nehod a havarii
incidents are valuable sources of information for predstavuju cenné zdroje informacii pre navrhy
proposing measures to prevent them. The issue opatreni na ich zamedzenie. Problematika
of explosion protection, the implementation of ochrany pred vybuchom, implementacia metod a
methods and tools to support effective nastrojov podporujtcich efektivne riadenie s
management to ensure sustainable development cielom zabezpecit' trvalo udrzatelny rozvoj v
in the field of explosion protection, therefore oblasti ochrany pred vybuchom, zohrava preto
plays an important role. dolezita ulohu.

Flammable dusts are a fuel for an exothermic Horlavé prachy st palivom pre exotermicka
reaction, often of an organic nature (wood dust, reakciu, Casto organického charakteru (drevny
food dust, medicines). By mixing flammable prach,  potravinarske  prachy,  lie¢iva).
dust particles in the air, a concentration is PremieSanim horlavych prachovych castic vo
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created, which, upon initiation, leads to the rapid
spread of the flame, the explosion. [1, 2] The
dust-air mixture is a mechanical suspension,
formed by a system of dispersed fine particles in
the environment, it is not formed by molecular
motion (colloidal suspension). In practice, this
means that the particle flow is essentially
turbulent. The dynamics of these turbulent
structures create local concentration gradients.
Most dust samples have a relatively wide particle
size distribution, and particles of different sizes
respond differently to changes in the flow field.
The results of Siwek et al., Van Wingerden et al.
Klippel et al. Show that the dispersibility of dust
has a significant effect on the risk of explosion
[3,4,5,6].

Measurement of dust concentration during
silo filling and CFD modeling of filling
processes with respect to exceeding the lower
explosion limit was investigated by a team of
authors with Klippel et al. [7] The experiments
were performed with corn starch. The measured
concentrations were compared with those
simulated using CFD simulation in ANSYS CFX
R14 using the Euler/Lagrange approach. The
following were modeled: tensile force, turbulent
dispersion force, particle size distribution,
particle surface area, and particle/particle
interaction. General agreement of measurement
and simulation was achieved. The stated
measurement results could improve safety and
explosion protection. Explosion protection is
ensured by preventing the classification of an
explosive atmosphere in zone 22 according to
ATEX 99/92/EC [8] and equipment and
protective systems will be in the category by the
explosion zone according to ATEX 2014/34/EU
[9] The effect of size distribution and
concentration on wood dust explosion was
published by Calle et al. [10], who showed that
measurement and numerical simulation of local
dust concentrations over time in a vessel can
only be performed with some uncertainty due to
the complexity of dust/air behavior. The dust
concentration was measured in a 50 m® vessel
and compared with a CFD simulation.

The aim of the study is to simulate the
dispersion of Norway spruce dust particles by
CFD analysis based on the measurements of the
maximum explosion parameters in the VA 20
autoclave.
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vzduchu vznika koncentracia, ktora iniciaciou
vedie k rychlemu §ireniu plamena, vybuchu. [1,
2] Prachovzduchova zmes je mechanicka
suspenzia, vytvorena systémom rozptylenych
jemnych castic v prostredi, nie je tvorena
molekuldarnym pohybom (koloidna suspenzia).
V praxi to znamena, Ze tok Castic je vo svojej
podstate  turbulentny.  Dynamika  tychto
turbulentnych  Struktar  vytvara  miestne
koncentracné gradienty. VécSina vzoriek prachu
ma relativne Siroku distribuciu velkosti Castic a
Castice roznej vel'kosti reaguju odliSne na zmeny
v prietokovom poli. Vysledky autorov Siwek a
kol., van Wingerden a kol. Klippel a kol.,
dokazujii, ze dispergovatelnost’ prachu ma
vyznamny vplyv na nebezpecenstvo vybuchu [3,
4,5, 6].

Meranie koncentracie prachu pri plneni sila a
CFD modelovanie procesov plnenia s ohl'adom
na prekroCenie dolnej medze vybusnosti
spracoval kolektiv autorov s Klippelom a kol.
[7] Experimenty uskutoc¢tiovali s kukuri¢nym
Skrobom. Namerané koncentracie sa porovnali
so simulovanymi pomocou simulacie CFD v
programe ANSYS CFX R14 s pouzitim
Euler/Lagrangeovho pristupu. Boli modelované:
tahova sila, turbulentna disperzna sila,
distribucia velkosti castic, povrchova plocha
Castic a interakcia Castica/Castica. Dosiahla sa
vSeobecna zhoda merania a simulacie. Uvedené
vysledky merani by mohli zlepsit’ bezpecnost’ a
ochranu pred vybuchom. Ochranu pred
vybuchom zaistime prevenciou, Ze vybusny
priestor zaradime do zény 22 podla ATEX
99/92/EC [8] a zariadenia a ochranné systémy
budu v kategorii prinaleziacej v zone vybusnosti
podla ATEX 2014/34/EU [9] Vplyv distribucie
velkosti a koncentracie na vybuch drevného
prachu publikoval autor Calle a kol. [10], ktori
dokazali, Ze meranie a numerickii simulaciu
lokalnych koncentracii prachu v ¢ase v nadobe
je mozné vykonat' iba s urCitou neistotou z
dovodu zlozitosti spravania sa  zmesi
prach/vzduch. Koncentracia prachu bola merana
v nadobe o0objeme 50 m*® a porovnani so
simulaciou CFD.

Ciel'om stadie je simulacia rozptylenia Castic
smrekového prachu analyzou CFD na zaklade
vykonanych merani maximalnych vybuchovych
parametrov v autoklave VA 20.
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2 Material and methods

Measurements of the maximum explosion
parameters of wood dust were performed for the
wood Norway spruce (Picea abies). In forests in
Slovakia, the current proportion of spruce is
25.597%. It belongs to the basic tree species and
therefore it is necessary to pay maximum
attention for that. [11, 12, 13]

Norway spruce wood dust is created as a
residual material in the technology of grinding in
woodworking with specific properties. It forms a
dispersion system, which is formed by the
dispersion of spruce particles in a continuous
phase of the dispersing medium. Spruce dust
particles with a lower fraction react more
brisantly with air after initiation than particles
with a higher fraction. The properties of spruce
wood dust determine the fire technical
characteristics, which are indicators of the
assessment of the risk of fire and explosion. All
combustible organic dusts, including spruce
wood dust, are heterogeneous materials, which
differ significantly in processing in technology,
depending on the production machine and the
machining tool. Determination of maximum
explosion parameters are included among the
leading characteristics and properties of Norway
spruce wood dust.

2.1 Methodologies for determining the maximum
explosion parameters

Norway spruce dust samples were taken from
wood sanding technology, directly from the
source. The weight of the samples was
determined with laboratory scales with a weight
determination accuracy of + 0.01 g. Moisture
analyzer was used to determine the moisture
content of the tested wood dust accordance to the
methodology EN 1SO 1666: 2000 Starch.
Determination of the amount of moisture. [12]
Using a sieve analysis the required fraction of
wood dust was separated (10 um - 500 pum) for
further analyzes performed in an explosive
autoclave VA-20.

Determination of maximum explosion
parameters was performed based on EN 14034-
2 + Al: 2012 Determination of properties of
swirling dust during explosion. Part 2:
Determination of the maximum pressure rise rate
(dp/dt)max in the explosion of vortex dust in an
explosive autoclave VA 20. [13]
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2 Material a metody

Merania maximalnych vybuchovych
parametrov drevného prachu boli vykonané pre
drevinu Smrek obycajny (Picea abies). V lesoch
na Slovensku je sucasné zastipenie smreka
25,597 %. Patri k zakladnym hospodarskym
drevindm, a preto je potrebné venovat jej
maximalnu pozornost’. [11, 12, 13]

Smrekovy drevny prach vznika ako zvySkovy
materidl v technoldgii brusenia v drevarskej
prevadzke so Specifickymi  vlastnost'ami.
Vytvara disperzni sustavu, ktora vznika
rozptylenim smrekovych Castic v suvislej faze
dispergujuceho prostredia. Castice smrekového
prachu s niz$ou frakciou reaguju so vzduchom
po iniciovani brizantnejSie ako Castice s vySSou

frakciou. Vlastnosti smrekového drevného
prachu urcuju poziarnotechnické
charakteristiky, ktoré su  ukazovate'mi

posudzovania rizika vzniku poziaru a vybuchu.
Vsetky horlavé organické prachy, ku ktorym
patri aj smrekovy drevny prach, su heterogénne
materialy, ktoré sa vyznamne liSia spracovanim
v technolégii, zévisia od vyrobného stroja a
nastroja opracovania. Stanovenie maximalnych
vybuchovych parametrov patri medzi popredné

charakteristiky a  vlastnosti  smrekového
drevného prachu.
2.1  Metodiky  stanovenia  maximdlnych

vybuchovych parametrov

Vzorky smrekového prachu boli odobraté z
technolégie brusenia dreva, priamo zo zdroja
vzniku. Hmotnost' vzoriek bola stanovovana
laboratornymi védhami s presnost'ou stanovenia
hmotnosti + 0,01 g. Pre stanovenie vlhkosti
testovaného drevného prachu bol pouzity
analyzator vlhkosti v zmysle metodiky EN ISO
1666: 2000 Skrob. Stanovenie mnoZstva
vilhkosti. [12] Pomocou sitovej analyzy bola
separovana pozadovana frakcia drevného prachu
(10 pum - 500 um) pre dalSie analyzy
vykonavané vo vybuchovom autoklave VA-20.

Stanovenie  maximalnych  vybuchovych
parametrov bolo vykonané na zaklade EN
14034-2+A1: 2012 Stanovenie vlastnosti
zvireného prachu pri  vybuchu. Cast 2:
Stanovenie maximalnej rychlosti narastu tlaku
(dp/dt)max pri vybuchu zvireného prachu vo
vybuchovom autoklave VA 20. [13]
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2.2 Methodologies of computer simulations

When investigating explosive concentrations
in VA-20, the creation of a homogeneous
environment of the dispersion system is an
important prerequisite. This is achieved by using
a source of compressed air, which agitates the
test substance and delays initiation. The delay of
initiation is intended to provide time to form a
homogeneous system and it is different for
substances. In our case, the delay between the
start of dust agitation and the activation of the
initiation source is 0.06 s. Whether this time is
sufficient to form a homogeneous mixture can be
provided by the simulation results. [14, 15]

2.2.1 Computer model

The software for creating a computer model
is ANSYS 19.7. Each simulation in Ansyse is
performed using the Ansys Workbench software
environment. The three-dimensional model was
created in the SpaceClaim environment, which is
part of Ansys and represents a simplified form of
typical CAD systems.

2.2.2 Model geometry

The geometry of the proposed computer
model is dimensionally identical to the VA-20.
For simulating the turbulence of dust in the
autoclave only internal space is important.
Therefore, the resulting computer model does
not include elements such as the outer walls of
the autoclave, the stand, measuring devices, etc.,
which simplifies the simulation and speeds up
the calculation (Fig. 1).

SRR

Ignitors+ '@,

2.2 Metodiky pocitacovych simulacii

Pri skiimani vybuchovych koncentracii vo
VA-20 je dolezitym predpokladom vytvorenie
homogénneho prostredia disperznej sustavy.
Dosahuje sa to pomocou zdroja stlacené¢ho
vzduchu, ktory rozviri skimant latku a
oddialenim iniciacie. Oddialenie inicidcie ma
poskytnut’ ¢as pre vznik homogénnej sustavy a
je rozdielny pre rozne latky. V naSom pripade
oneskorenie medzi zaCiatkom rozvirovania
Ci je tento &as dostadujuci pre vytvorenie
homogénnej zmesi nam vedia poskytnat’
vysledky simulacie. [14, 15]

2.2.1 Pocitacovy model

Software na vytvorenie pocitacového modelu
je ANSYS 19.7. Kazda simulacii v Ansyse je
vykonand pomocou programového prostredia
Ansys Workbench. Trojrozmerny model bol
vytvoreny v prostredi SpaceClaim, ktory je
sucastou Ansysu a predstavuje zjednoduSent
formu typickych CAD systémov.

2.2.2 Geometria modelu

Geometria ~ navrhnutého  pocitacového
modelu je po rozmerovej stranke totozna s VA-
20. Pre potreby simulovania rozvirenia prachu v
autoklave je dolezity len jej vnutorny priestor.
Preto vysledny pocitatovy model nezahfia
prvky ako st vonkajsie steny autoklavu, stojan,
meracia zariadenia a.i., ¢o zjednoduSuje
simuléciu a zrychl'uje vypocet (Obr. 1).

P

//

Rebound nozzle——

Inlet—  —S==r—~

Fig. 1 Computer model of VA-20
Obr. 1 Po¢itatovy model VA-20

All simulations consist of a basic Fluid Flow
(Fluent) analysis for investigate fluid movement
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Vsetky simulacie pozostdvaju zo zékladnej
analyzy tekutin umoznujtcej skimanie pohybu a
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and behavior. This type of analysis is one of the
typical CFD analysis. The model consists of
time-averaged Navier-Stokes equations (Euler's
approach) written in polar coordinates. These
equations are used to define the physical
properties of fluids.

2.2.3 Discretization of the model

After creating the model in the SpaceClaim
workbench with the specified properties, the
model is meshed to the finite element model
(Fig. 2). Due to the irregular shapes, the
tetrahedron method is used for meshing. With
the help of the Body Sizing and Face Sizing
functions a denser mesh is purposefully created
in the vicinity of the initiating device. In these
places the diameter of the elements is 1 mm.

spravania sa tekutin. Tento typ analyzy sa radi
medzi typické CFD analyzy. Model pozostava z
Casovo spriemerovanych Navier-Stokesovych
rovnic (Eulerov pristup) napisanych v polarnych
suradniciach. Tieto rovnice sa pouzivaji na
definovanie fyzikalnych vlastnosti tekutin.

2.2.3 Diskretizacia modelu

Po vytvoreni modelu v prostredi SpaceClaim
so zadanymi vlastnost’ami je model nasietovany
na model kone¢nych prvkoch (Obr. 2). V
dosledku  nepravidelnych tvarov je na
nasietovanie  vyuzitd metoda  Stvorstena.
Pomocou funkcie Body Sizing a Face Sizing je
cielene vytvorena hustejSia siet v okoli
inicia¢ného zariadenia. Velkost' elementov je v
tychto miestach 1 mm.

Fig. 2 Finite elements mesh

Obr. 2 Siet koneénych prvkov

The final number of nodes is 213,427 and the
number of elements is 1,212,553.

2.2.4 Simulation solution method

Numerical simulation of turbulence is
performed using a standard k- model [16]
enhanced by improved particle-wall interaction.
The motion of the solid phase (wood dust) in the
air is solved by the Lagrang approach using the
discrete phase model. The input of the discrete
phase is solved as a surface type. It is assumed
that the dust particles do not react with the air.
The particle size distribution of wood dust is
solved by Rosin-Rammler [17], because in the
real test the particle size was in the range from
10 pm to 500 um. The interaction between the
gas phase and the solid particles is assumed to be
bidirectional because, according to Elghobashi's
[18] classification, the operating conditions
(particle volume fraction, particle density and
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Finalny pocet uzlov predstavuje 213 427 a
pocet elementov 1 212 553.

2.2.4 Spdsob riesenia simulacie

Numerickd  simulacia  turbulencie je
uskuto¢nena pouzitim $tandardného modelu k-¢
[16] vylepSenej o zdokonalent interakciu Gastic
so stenami. Pohyb tuhej fazy (drevného prachu)
vo vzduchu je vyrieSeny Lagrangovskym
pristupom pomocou modelu diskrétnej fazy.
Vstup diskrétnej fazy je rieSeny ako typ povrch.
Predpoklada sa, ze Castice prachu so vzduchom
nereaguju. Distriblcia velkosti ¢astic drevného
prachu je rieSend podla Rosin-Rammlera [17],
pretoZze v realnom teste bola velkost’ Castic v
rozmedzi od 10 um do 500 um. Interakcia medzi
plynnou fazou a pevnymi cCasticami je
predpokladana ako obojsmerna, pretoze podla
klasifikacie Elghobashiho [18], prevadzkové
podmienky (frakcia objemu Castic, hustota Castic
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particle concentration) indicate that fluid flow
affects particle motion and vice versa.

The calculation is standard initialized. The
size of the time steps is set to a constant value of
5 ms. The total number of steps is set to 12,
which allows us to display the dispersion of
particles in the autoclave up to the time of
explosion at 60 ms. To ensure the best possible
ratio of the accuracy of the calculations with
respect to the time of the calculations, the
number of iterations per time step is set to 50.

2.2.5 Computer model validation

The proposed computer model is validated
using a verified model according to Di Benedetto
et al. [14]. The model simulated the dispersion of
dust particles in an explosive autoclave and was
validated according to standard measurements of
the pressure increase in the autoclave by the data
obtained from the experiments. Di Sarlia et al.
[15] used this model to investigate the effect of
dust particle size on their dispersion in
autoclave. The results confirmed the correctness
of the created model. The difference compared
to the model of Di Benedetto et al. [14] is the
improved of the finite element mesh by increase
the number of elements.

3 Results and discussion

The humidity of the analyzed wood dust was
in the range of 8.42 + 0.45%. The required
fraction of wood dust was separated by the
analytical sieve AS 200. j. 10 pm - 500 pm, for
further analyzes aimed at determining the
maximum explosion parameters, carried out in
an explosive autoclave VA-20. Using an
explosive autoclave VA-20, we found the
maximum explosion parameters of Norway
spruce wood dust (Tab. 1).

a koncentracia Castic) naznacuju, ze tok tekutiny
ovplyviiuje pohyb cCastic a naopak.

Vypocet je Standardne inicializovany.
Velkost' casovych krokov je nastavena na
konstantn hodnotu 5 ms. Celkovy pocet krokov
je nastaveny na 12, ¢o nam umoZzni zobrazit
rozptylenie castic v autoklave az do casu
vybuchu v case 60 ms. Pre zabezpecenie ¢o
najlepSicho pomeru presnosti vypoctov s
ohl'adom na Cas vypoCtov je nastaveny pocet
iteracii na jeden casovy krok na 50.

2.2.5 Validécia pocitacového modelu

Navrhnuty pocitacovy model je validovany
pomocou overeného modelu podl'a Di Benedetto
a kol. [14]. Model simuloval rozvirenie
prachovych castic vo vybuchovej autoklave a
bol validovany podla S$tandardnych merani
narastu tlaku v autokldve na zéklade ziskanych
udajov z experimentov. Di Sarlia a kol. [15]
pouzili tento model na skiimanie vplyvu velkosti
Castic prachu na ich rozptyl v autoklave.
Vysledky potvrdili spravnost vytvoreného
modelu. Odlisnostou oproti modelu Di
Benedetta a kol. [14] je skvalitnenie siete
kone¢nych prvkov vdaka zvySeniu poctu
elementov.

3 Vysledky a diskusia

Vlhkost' analyzovaného drevného prachu sa
pohybovala v rozmedzi 8,42 + 045 %.
Analytickym sitovacim pristrojom AS 200 bola
separovana pozadovana frakcia drevného prachu

t. j. 10 um - 500 pum, pre dalSie analyzy
zamerané na  stanovenie = maximalnych
vybuchovych parametrov, realizované vo

vybuchovom autoklave VA-20. Za pomaoci
vybuchového autoklavu VA-20 sme zistili
maximalne vybuchové parametre drevného
prachu smreka (Tab. 1).

Tab. 1 Maximum explosion parameters of Norway spruce dust [19]
Tab. 1 Maximalne vybuchové parametre drevného prachu smreka oby¢ajného [19]

Maximum explosion pressure/Maximalny vybuchovy

tlak max 0,7 MPa +£10%
Maximum pressure increase/Maximalny narast tlaka  (dp/dt)max 19,9 MPa.s™? +20%
Cubic constant/Kubicka kon$tanta Kmax 54 mMPas?! +20%
Low explosion limit/Dolna medza vybus$nosti LEL 70 g.m3 +10 %
The outputs from the simulation are Vystupy zo simuldcie sa spracované

processed using directional vectors of dust
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pomocou smerovych vektorov castic prachu
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particles coloured according to their velocity

(Fig. 3-5). The simulation is performed for three

different concentrations of dust in the air, namely

80, 1000 and 2000 g.m?3 The particle

dimensions were 10 pm to 500 um.

Ve
3.120e+001

Velocil{y

Vector
1.227e+002
9.204e+001 2.340e+001

6.136e+001 1.560e+001

3.068e+001 7.800e+000

0.000e+000
[m s*1]

0.000e+000
[m s™1]

zafarbenych podla ich rychlosti (Obr. 3-5).

Simulacia je prevedena pre tri

rozdielne

koncentracie prachu vo vzduchu, konkrétne 80,
1000 a 2000 g.m3. Rozmery &astic boli 10 um az
500 pm.

(a)t=20ms (b) t =40 ms
Fig. 3 Time sequence of directional vectors of dust particles colored by their velocity at a

concentration of 80 g.m=

Velocit:
Vector

1.333e+001

1.000e+001

6.667e+000

3.333e+000

0.000e+000

[m s?-1]

(c)t=60ms

Obr. 3 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podl’a ich rychlosti pri
koncentracii 80 g.m

Velocit,
Vector

1.287e+002

Veloci
Vector

2.837e+001
9.655e+001 2.128e+001
6.437e+001 1.419¢+001
7.093e+000

3.218e+001

0.000e+000
[ms™-1]

0.000e+000
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(@) t=20ms (b) t=40 ms
Fig. 4 Time sequence of directional vectors of dust particles coloured by their velocity at a

concentration of 1000 g.m
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1.477c+001

1.108e+001

7.383e+000

3.692e+000

0.000e+000

[ms*-1]

(c)t=60ms

Obr. 4 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podla ich rychlosti pri

koncentracii 1000 g.m3

Velocitfv Velocit1y
Veclor Vector
1.284c+002 3.093e+001
9.630e+001 2.320e+001
6.420e+001 1.546e+001
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Vector 1

1.723e+001

- 1.292e+001

8.614e+000

4.307e+000

0.000e+000
[m s*-1]

(c)t=60ms

Fig. 5 Time sequence of directional vectors of dust particles colored by their velocity at a

concentration of 2000 g.m

Obr. 5 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podl’a ich rychlosti pri

koncentrécii 2000 g.m
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When comparing the results from different
concentrations of wood dust particles, no
significant difference is visible. In all three cases,
the distribution of particles is almost identical,
differing only in the density and number of
particle vectors in each space. There are also
slight differences in the results of the maximum
particle velocity, for better clarity they are given
in table 2.

Pri porovnani vysledkov z rozdielnych
koncentracii Castic drevného prachu, nie je
viditelny signifikantny rozdiel. Vo vsetkych
troch pripadoch je rozloZenie Castic takmer
totozné, 1iSi sa len v hustote a pocte vektorov
Castic v danom priestore. Mierne rozdiely su aj
vo vysledkoch maximalnej rychlosti Castic, pre
lepSiu nazornost’ st uvedené v tabulke 2.

Tab. 2 Maximum velocity of wood dust particles in the explosive autoclave
Tab. 2 Maximalna rychlost’ ¢astic drevného prachu vo vybuchovej autoklave

Max. velocity of particles
at a concentration of 80

Time/Cas g.m?3/
(ms) Max. rychlost’ ¢astic pri
koncentracii 80 g.m
(m.s?)
20 122,7
40 31,2
60 13,3

Based on the above, the amount of wood dust
in the autoclave does not have a significant effect
on the distribution of particles in space. In all
cases, eddy currents have occurred which push
the dust particles toward the walls of the
autoclave, preventing the homogeneous
environment required for explosive
concentration tests. The position of the eddy
currents at a given moment is clearly visible by
displaying the streamlines of the dust particles
colored by velocity (Fig. 6-8).

Velocit
Streamline 1

7.060c+001

Velocity
Streamline 1
3.120e+001

5.295e+001

-~ 3.530e+001

- 2.340e+001

1.560e+001

- 1.765e+001 - 7.800e+000

0.000e¢+000
[m s*1]

0.000e+000
[m s”-1]

(a)t=20ms

Max. velocity of particles
at a concentration 1000

Max. rychlost’ €astic pri
koncentracii 1000 g.m

(b) t=40ms

Max. velocity of particles
at a concentration 2000

g.m?/ g.m?3/

Max. rychlost’ ¢astic pri

koncentracii 2000 g.m

(m.s?) (m.st)
128,7 128,4
28,3 30,9
147 17,2

Na zaklade vysSie uvedeného, mnozstvo
drevného prachu v autoklave nema vyznamny
vplyv na rozlozenie Ccastic v priestore. Vo
vSetkych pripadoch doslo k vzniku virivych
pradov, ktoré tlaCia prachové Castice k stenam
autoklavu, C¢o brani vzniku homogénneho
prostredia pozadovaného pre testy vybusnych
koncentracii. Poloha virivych pridov v danom
okamihu je dobre viditeI'na pomocou zobrazenia
tras prachovych castic zafarbenych podla ich
rychlosti (Obr. 6-8).

Velocity p
Streamiine 1 k

F 1.305e+001

| - 9.785e+000
- 6.523¢+000 |
- 3.262e+000

0.000c+000
[m s*1]

(c) t=60 ms

Fig. 6 Time sequence of dust particle streamlines coloured by velocity at a concentration of 80 g.m

Obr. 6 Casova sekvencia tras Gastic prachu zafarbenych podla rychlosti pri koncentracii 80 g.m™
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5.235e+001

Velocity
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3.926e+001 r 1.182e+001
2.617e+001 T+ 7.883e+000
1.309e+001 3.941e+000

0.000e+000
[m s*-1]

0.000e+000
[ms*-1]

(a)t=20ms

(b) t=40 ms

i
W
o

Velocity
Streamline 1

1.254e+001

9.405e+000
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!
¥

[ 6.270e+000

3.135e+000

0.000e+000
[ms*1]

(c)t=60 ms

Fig. 7 Time sequence of dust particle streamlines by velocity at a concentration of 1000 g.m

Obr. 7 Casova sekvencia tras ¢astic prachu zafarbenych podla rychlosti pri koncentracii 1000 g.m

Velocity
Streamline 1

4.895e+001

Velocity
Streamline 1

1.583e+001
3.671e+001 1.187e+001
2.447e+001 | [ 7.917e+000
1.224e+001

3.958e+000

0.000e+000
[m s*-1]

0.000e+000
[ms™1]

(@) t=20ms
Fig. 8 Time sequence of dust particle streamlines coloured by velocity at a concentration of 2000 g.m

Obr. 8 Casova sekvencia tras Gastic prachu zafarbenych podla rychlosti pri koncentracii 2000 g.m

According to the time sequences, there are
two eddy currents inside the autoclave, which
cause a higher concentration of dust on the walls
of the vessel and in the vicinity of the initiation
device and the initiation electrodes. The
influence of particle size on the formation of
crops was shown by the results of the research of
Di Benedetto et al. [14] and Di Sarli et al. [15].
They proved that at low values of dust diameter
(d = 10 um) the dust is partly entrained by the
air, which fills the outer area and partly also the
inner zones. As the diameter of the dust particles
increases (d = 100 pm and d = 250 pum), the flow
of dust and air is independent, the dust
concentrating mainly on the walls of the vessel.
Ray et al. [20] in their work showed that a time
of 60 ms is a suitable time to ignite a coal dust,
because the turbulence is uniform throughout
this volume. It is therefore advisable to check the
initiation time for other types of dust as well. Di
Benedetto et al. [14] and Di Sarli et al. [15]
presented the necessary to develop another way
of dispersing dust. The obtained results are
relevant to the practice of dust explosion testing
and the interpretation of test results and, then,
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Veloci g
Streamline 1 E
1.236e+001 | i

9.267e+000
6.178e+000
3.089e+000

0.000e+000
[ms*1]

(c)t=60 ms

Podla casovych sekvencii sa vo wvnutri
autoklavy vyskytuji dva virivé prudy, ktoré
sposobuju vznik vyssej koncentracie prachu na
stenach nadoby a v blizkosti inicia¢ného
zariadenia a elektrdd iniciacie. Vplyv velkosti
Castic na vznik vyrov ukazali vysledky vyskumu
Di Benedetta a kol. [14] a Di Sarli a kol. [15].
Dokazali, ze pri nizkych hodnotach priemeru
prachu (d = 10 um) je prach ¢iasto¢ne strhavany
vzduchom, ktory napliiia vonkajsiu oblast’ a
Ciastocne aj vnutorné zoény. Pri zvySovani
priemeru ¢iastociek prachu (d = 100 ym a d =
250 pm) st tok prachu a vzduchu nezavislé
priCom sa prach koncentruje hlavne na stenach
nadoby. Ray a kol. [20] vo svojej praci ukazali,
ze Cas 60 ms je vhodny ¢as na zapalenie
uholného prachu, pretoze turbulencia je v tomto
ase rovnomerna v celom objeme. Cas iniciacie
je preto vhodné preverit aj na dalSie typy
prachov. Di Benedetto a kol. [14] a Di Sarli a kol.
[15] poukazali na potrebu vyvinut' iny sposob
rozptylovania prachu. Ziskané vysledky su
relevantné pre prax sktsania vybuchu prachu a
interpretaciu vysledkov skusSok, pricom by sa
mali brat’ ako referencia na zlepSenie podmienok
pre Standardné skusky.
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they should be taken as reference to improve the
conditions for standard tests.

The distribution of dust particles of different
diameters is clearly visible by means of a particle
display, where the particles are colored
according to their size (Fig. 9). For better clarity,
the particle size of the particles is increased. It is
also clear from the figures that particles with a
larger diameter are concentrated on the walls of
the vessel and at the site of initiation.

Dimensions

' 5.0000-004

- 3.770e-004

Dimensions
5.000c-004

3.770e-004

25506-004

1.325¢-004

(a) 80 g'm™

By creating a volume register in the shape of
a sphere with a diameter of 100 mm (in the
picture shown in blue) in the vicinity of the
initiation device, we can determine the partial

(b) 1000 g'm
Fig. 9 Position of dust particles at 60 ms coloured according to their size
Obr. 9 Poloha ¢astic prachu v ¢ase 60 ms zafarbenych podl'a ich velkosti

Rozdielnost’ koncentracii a rozmiestnenie
Castic prachu s rozdielnym priemerom je dobre
viditelny pomocou zobrazenia Castic, kde su
Castice zafarbené podla ich velkosti (Obr. 9). Pre
lepSiu nézornost’ je velkost’ zobrazenia castic
zvacsend. Z obrazkov je zrejmé aj to, Ze Castice
s VACSim priemerom sa koncentruju na stenach
nadoby a v mieste iniciacie.

Dimensions
I 5.000e-004

- 3.770e-004

(c) 2000 g'm™

Pomocou vytvorenia objemového registra v
tvare gule o priemere 100 mm (na obrazku
znazorneny modrou farbou) v okoli iniciacného
zariadenia vieme s vyuzitim funkcie objemovej

concentrations using the mass imbalance nerovnovahy (mass disbalance) stanovit
function (Tab. 3). Ciastkové koncentracie (Tab. 3).

Tab. 3 Comparison of concentrations of dispersed dust in the autoclave

Tab. 3 Porovnanie koncentracii rozptyleného prachu v autoklave

Concentration at the initiation site assuming a

homogeneous environment/Koncentracia v mieste 80 1000 2000
iniciacie za predpokladu homogénneho prostredia (g-m)

Concentration at the initiation site according to the

results of the CFD simulation/Koncentracia v mieste 82,5 1027 2042
iniciacie podla vysledkov simulacie CFD (g-m™)

Percentage difference of values/Percentualny rozdiel 3.125 27 21

hodnét (%)

From the simulation results, we state that the
maximum explosion parameters obtained from
the experiments in the V-20 autoclave
correspond to the concentrations of dispersed
dust in the autoclave approximately 2.5% higher
than expected from the calculations. This

Delta 2020, 14(2):14-25

23

Z vysledkov simulacie konStatujeme, ze
maximalne vybuchové parametre uvedené
v tabul’ke 1 ziskané z experimentov v autoklave
V-20, zodpovedaju koncentracii rozptyleného
prachu v autoklave priblizne o 2,5% vysSej, nez
s akou predpokladdme na zéklade vypoctov.
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deviation was found by comparing the
concentrations at the initiation site in Table 3.

In the future, it is appropriate to process the
simulation of a dispersion of beech wood dust
because beech wood classified as deciduous
trees is the most processed in Slovakia and the
subsequent comparison of deciduous trees with
conifers trees.

4 Conclusion

Based on the previous results, we can state
the following conclusions:
« we confirmed the need to reconsider the
method of scattering dust of Norway spruce
wood dust to measure the explosive
concentration. Changes in the shape of the dust
agitator or delays in the initiation time may be
considered.
« the parameters obtained from the tests in the V-
20 autoclave correspond to the concentrations of
dispersed dust in the autoclave approximately
2.5% higher than what we expect from the
calculations.
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