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The objectives of the present research are to develop a prototype of a dust
explosibility tester, to measure the maximum pressure (P,,,,) and the maximum rate of
pressure rise (dP/dt),,., of standard particle, to verify the optimum ignition delay times,
and then to investigate effect of the average particle size of dust sample on P,,,, and
(dP/dt),,.x values. The preliminary investigation showed the optimum ignition delay times
should be 20 millisecond. The investigations using two types of standard particle
(lycopodium and nicotinic acid) could provide P,,., and (dP/dt),,,, values close to the
published one. Therefore it could be concluded that the prototype dust explosibility
tester developed in this work was reliable enough to use for other measurement after
undergoing adjustment and calibration. As expected, the cost for fabricating this
system is only one-tenth of the cost of commercialized one. In addition, other results of
experiments conducted after verification revealed that the P,,,, and the (dP/dt),,,, values
increased with an increase in the concentration of particulate material until reach
a maximum then decreased with further increasing concentration. For the effect of
nominal particle size, it was found that'the P,,,,‘andthe (dP/dt),,. values increased with

a decrease in the nominal average particle size.
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N latingi 197 (Glor, 1988)

Capacitance | 1/2 CV* (mJ) at various voltages
Object

(pF) 10 kV 20 kV 30 kV
Single screw 1 0.05 0.2 0.45
Flange (100 mm nominal size) 10 0.5 2 4.5
Shovel 20 1 4 9
Small container (bucket, 50-I drum) 10-100 0.5-5 2-20 4.5-45
Funnel 10-100 0.5-5 2-20 4.5-45
Drum (~200 litres) 100-300 5-15 20-60 45-135
Person 100-300 5-15 20-60 45-135
Major plant item (large containers, reactor) 100-1000 5-50 20-200 45-450
Road tanker 1000 50 200 450
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2.2.1.2 US Bureau of Mines’ 20 litre explosion vessel
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51 2.13 1ATannaeLN13sEIlinTeIeRN1ATWIA 20 A9

289 US Bureau of Mines (Cashdollar and Hertzberg, 1985)
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2.2.1.3 Nordtest Fire 011
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a
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519 2.15 LATaeNAAaLNNITETATBIEYNIATIA 15 AR

Wenun Iag Nordtest (Eckhoff, 1991:531)

222  gnunniR1ga lun1saaTuan (Minimum Ignition Temperature, MIT)
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2.2.3  WANUA4AIUNN29ATUI (Minimum Ignition Energy, MIE)
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0.02 [m3]% X (a’P/dt)maX [bar/s] = K s [bar e m/s] (2.7)
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dnainiAusAugedaniugnsninszantayn AdnErARITia a1z fegli 2.25
(Perforated dust dispersion tube or Perforated annular nozzle) an19zlunT1InAde L Lty
Lﬁmﬁu%\‘lﬁmumiﬁumm‘gmmm American Society for Testing and Material, ASTM
(ASTM E1226) sxijunaanasnulunisqasusuminiunldlumzasaun 1 gnunafiuns Ae

v Y

10 AlagaainauauaInAd 1auiaalun1saaTuIu 60 Haaduf waluniedjisses
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w A 4~ . . Yy - 4
o8N HAIAINIATIINIUIALANNINNINZ AL T2 A9ATIN1945191ATEITIUIA 20 ARTLNE
antFunuannldlunimeany waziinAuazaanlunitmegay wiselvuanagaulng
AENALLATENTWIA 1 gNUNATINAS nd1ATyIuN1I A UNIAIERIINISINNAINALATN
nesziinqgauile Aa tdoadnnldanslunisqaruousziiia Zhu et al (1988) wuanlunis

naasvaynaTianasiulaglddaanidulany uazdosmdunaasnldauauudaliien Ky

1
] o

Mrineiiu

lunimegauinnuden AT madeuimiten sieflidulagainlfiin
nsgasunialu perforated dispersion tube aslfinnsWamuniaannsyarteaynAwLL s
AfldnwazidaBand rebound’ nozzle Lm\iﬁqgﬂ‘ﬁl 222 34 Siwek (2001) na199192an
wuuludlvirnAuAugagn fé“m']zgq@mmﬂwﬁummﬁu uaz A K Andidseiudield

FRAULLLAN

1 2.22 viaauuulud rebound nozzle duFunsraneennia

AellATRIMARALAWIA 20 AR9

=

o o . T . 2 a
{UAIRINAATIAIUIBINWANIABLTNIATUAIATANARALUUNA 20 BAT NA

2

'
a A

HaandNATemAaelIuIn 1 gnuiAtiuAsia A A NAugIanaInni1ssidaf il A

2

=b_

Hasndnnaanies el 2.23 wazilafiarsnnnaszudneauaundnlanunan

4 ¥ o 1 ndJ nﬁl a o dl 1 1 [ [ %
ﬂ’l’]llLﬂNﬂu%QQQ@Q’I’JHﬂWﬂﬂ’]ﬂuﬂlum?@ﬁﬂu’]ﬂ 20 amg C'NE‘]_I‘VI 2.24 NUIAIAINHAUIAN

%

n3921lnanaIt1999A 159 AIHUAI AN ANEIANATNAAINNIINAIH ARERTILALTR W

[ %

A
TLAINAABLULAN 1 ANUAATILAS ANANNARAEATIEn A nnsanEidaandednidly
U q

a

% o J dl o 1 o dl X v a o o d; a
ﬁl'ﬂ\ﬂﬂ&l’]ﬁqﬂ’]L'ﬂ@ﬁm’]lﬁﬂ’]ﬂﬁﬂﬂﬂu'ﬂiﬂlﬂ@LﬂHQﬂUN@ﬂ’J’]Nﬂu@’mLﬂﬁ“ﬂ\? 20 aRT AN

RANARINAIIAIANNAUNEAAINNNITLTATAABUNIAT IHANLATENAABLTUA 20 AR1T

A v A o oAy = - , ) Ao Iy '
Nﬂ'ﬂ,ﬂﬂLﬂﬂﬁﬂ‘umiﬂ@’]ﬂLﬂﬁ‘ﬂﬂ‘ﬂm@'ﬂﬂﬂlu’]ﬂ 1 Qﬂ‘u’]ﬁﬂlfﬂm? A7UAN KSt(max) 'V]ﬂ']u']mvl,@qqﬂﬂ’]

(dP/dl),, lHANARBLAILLATENIUIA 20 AR WNELTUIATEIUIA 1 QNUIANINATIANAT

max

v = o o A v v o= o Y o a
Iﬂ@Lﬂﬂ\‘]ﬂquﬂﬂﬂgﬂm 2.23 LL@ZQ'W‘]@\‘]TT]?IVNﬂqqﬂgﬂm@\‘lgﬂLL@QﬁQ?iﬁﬁN\?@?JQNLuﬂl]

(Ksma > 700 bar.m/sec) ludanaunipninsgiu
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fine dusts | fine dusts
pyrotechnical ignitors E=10000 J pyrotechnical ignitors E=10000J
- T )
i g
E o
{::l 8 Q 0 it E 400} o
i )
S § :
: i R °
# ~
3 1
0 ]
) [ % 0 400 800
Prax: im3-vessel [bar] Ksp m3-vessel [barms]

5191 2.23 PoudniusIznang P uaz (dP/d), lfanniasesnageuuuL

1 m’ ISO vessel WAz 20 litre Siwek sphere (Eckhoff, 1991:541)

uanaIniliATasmadeaun 20 ansdslinnaauiufing/levessiniiazaiai

gnaa W ldnaniuainia WesaniBuinsieaganaiuionaaaudnAni s dinasuasng
a 2] A a o g’/ 4‘ a = ¥ Yy

suillnnesinglaNAD 1 ARg AITULATENNARLIAUIA 20 ARsANaNNIn naaauldtnasn

WU N ALIaAUgeT LaERARIITLLMARLEN WanaINT “Hybrid mixtures” AauNanHuid

fnamenaisaleresansngninlnldnanagfion arnnsaneaauiupseasaun 20 ansls

HaNEUNANINARLNLILATEINARDUTWIA 1 gNUARNATUAY AN INA ALY

2.3.4  TENANANNAULAZNNIUTUMAAIAIINAUANLATRN AFDLIUUNA 20 ARSI
y 2 N o s g
WaA N1 e TN 19 A A NAI RN NYRUNeNAN AR LFANNLATRIN AL
72 lm1uNIm9g91 ASTM E 1226 (2000) Ingiisnannglin 2.19 (a) ilunsanaildann
dl 1 :’/ dl v v 1 dJ o Y o é’ [ % dl
LATRINAADL Db NINARDLUFIATATNNANNILNTBAMTNN AR ldRIRUauAIgLN 2.24
TenaNANNAUANNLATEINAR AL LF WA
P.. Maximum explosion overpressure A8 AR I9TZUIINAITNAL 4 LIANT
ATUINTZLLA (ANAUYAR) ALANNAW B AFIGATBINTIN
n A 1 o .esl o 7 4
P Corrected explosion overpressure A8 ATAITHAL P, NNINITHNATLAD
a9 nea1ean13raatiy LasNaTe9ANAULEITUILIEIOR
P Maximum explosion overpressure A8 ANANNAL P 4940 WHaNNIIAAEL
nAudnduresiangeyniAnaie A1
(dP/dt) Rate of pressure rise with time A9 ANAYINTUGIgATDILEUANTANAINKIY
PRy o = o = - ] . ) .
ATNHAMNINUIBIYNANTTAIABUNUY y HINTIGA (538197 point of inflexion,

W) aeenanludaunng ninsauanngili 2.24
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(dP/dt),,,  Maximum rate of pressure with time A@ A1 (dP/dt), 44gALNENINIINAADL
nAudinduresiagayniauane A

K. .. Product specific constant {ALYINAU 0.27144 X (dP/dt)__ (3In@unsh 2.7)

t1 Duration of combustion A8 NAFNI¥NINNRANNAATUINIEITIA TLLIAT D 9
o o o
NAMNAUNANGIFA

t2 Induction time A8 NAFNNIENINNRANNATUIUILLTA LAZIIAT DY AAGATDY

WWUANEA inflexion point T4 LAUATI (TUILLNY X ) NANHIUEUAITNAY

0 UNF (ANHALLNG)

.

P {bar) t

FPex - \

%Wp

0 par —al b

0F har B dt

L Lk |

td tur i

dP

t (ms)

v
&£
¥

519 2.24 A udniuszdeANsuaINNesnide (P,) 4aT 1940
mmmﬁuﬁm"m@gmﬁmﬂ‘lum?mmmm@ummgmmmm 20 aRg

fautlsnarntsnanuanivaldlfulqerrawmasauine W lHA1 AN AWATS (P,), P

m?

(dP/dt);, 11, haz t2 Ngnsias Heall

1
o

P, Expansion pressure of storage container A2 Naf14189ANNAWNN1H LU
QEUEUNNIA (pre-vacuum) WATAINAULING mummgﬁuﬁﬁ%mﬁu -0.6
115ina (60 Alatnanna) e 0.55 A4 0.7 115 (55-70 Alataana) uanh
ganFule

td Time-delay of the outlet valve ABNAFINUBILIAN D anﬂ‘ﬁlﬁlmﬂm outlet

valve fiuanmnusuGEiNawiluaiuen Inaiallfdsagludas 30 De 50
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a a

a aa < X o = -
Hanaun andsznimmilsauiumAngnisnaay outlet valve LLZ\]ﬁ/Mﬁ"ﬂ@ﬂﬂﬁ‘ﬂé

NITINLBUNA

q

tv Ignition delay time M@ NAF19TBIAT D4 1WA td HUAINAATUIUITLT A

o

- . A a o do o d
AlHNafaANTulsuresnendulaznauful AL AN A AN R

o

2.3.4.1  medfuuiAipnusu Wa P, > 5.5 U1

1
o a 1 =2 P

WnatunaNan i IiA1AINAUEIEAAINN139LTAAINLATEY
NAABLAUIA 20 ARTHANTRENINAINIAAINATAsTIWIA 1 gnUNATINAS ATTuNsLFUWARN
P Tfua P_lunsiid P, dA1uannan 5.5 17§ M ldlnaaAaaunissail

P, = 0775xP, " (2.8)

m

dl o o Y 1 oo o 9N v o a A I o { o Ay v dl
WennnsUFuufenssannasazyinliilien P, MipaumiaduAausunlfaniaTasmaasy
A 1 NUIATLNAST

2.3.4.2 pnsdfuuriAmeansu e P, < 5.5 unf

'
=

HB9aNNLATRIN AFa LRI A 20 ARTRLETNIATERE AUAINNALT

InlfidadAdatndn 5.5 unf (550 Atatanna) AxAasNANIUINATINAIIUAINNITAA
a A‘-‘i 1 1| . = A a 1 =

fuausziin Annimadatie liNNandu (blind test) HupestuIuszIlinatiRAL0

azlaAnAauey (P,) Winfiu 1.6 uaf (160 Alathania) uazluntsmasaundvuanty

'
a

! ¥
ANANAY P, NAatinatiuludosusnidunaniaanauoussidn usdsaliaziiunaunann

v

ANHAUTDNTBIUNANHULDY INFIZHATDITUIUILLT AAZARAIHANATWAY (IE) idatiat)
n91 1000 qa B lddaeiannatsun nasdiuuian P, 1iduen P, Tunsiin P HAn
aandn 5.5 U5 (550 Alathana) M lalaaaAaannig aeil

P, = 0.55x(P, —P)/(55-P,) (2.9)

m

) P. = pressure due to chemical igniters

= 1.6 bar X 1E/10,000

23.5 wIReNIRIgIUdMTLNAdeUNITidndane 1T 1 gnUIAfNRg
(The 1 m° standard 1SO vessel)
dl v % v dl ¥
219N 2.25 LAANATULNIHATAIULUIBALATEINAGRL ANFUUsznaUAYY
nszithzawin 5 ansialdaynianazdnainiadnlil 20 unf (2,000 Alainania) el
NAAMNALLANANITNINNI T TIaz At AgaL (explosion chamber) TWn1Iw1aRNA

dnguesaalaaniiu andrauaduiiugudnans 19 daawnsdeazilaliauniadiiiunan
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a

aa = o 1 o Ly a o | 1 4 d‘ 1
10 HARIUN fmmmmyqﬂﬂ:‘mmmm@gmmmm:fmuﬂum‘lmm\if;\m@mmmLﬁumu
a a oA a a o dl ¥ o %
ARENAN 19 NARLNRAT Lngmmmmmmmﬂ@zmm 4-6 HAALUAT mmugmm:mmwﬂu

1HWUNFRI9 (cross-section area) UBIFVIUNANAILTTHIU 300 ANTNNARINAS

PRESSURE

PERF TE IST DISPF
SENSOR ERFORATED DUST DISPERSION TURE

10 KJ CHEMICAL IGNITER

<] 7 - FLUSHING A!R

/

/
PRESSURIZED
DUST CONTAINER

SIDE VIEW
\ EXHAUST GASES

\ PRESSURE SENSOR

b— < =+——FLUSHING AIR

PRESSURE_
SENSOR

DOOR

TOP VIEW
519 2.25 LATENAGDLNNIILLATUIA 1 QNUNATTLNAS

AINNIATFIN ISO (Eckhoff, 1991:539)

unaanasnulunisqeaauauldansinilunisansuida (Adnanisqanantdin)
B9 linARuiang 10 flagatastuiruazgn dillacnuaaiioalil 0.6 Auivansyane

AUNIA LNMINTRILNAIT U UA TN 2.4 n§W Useznaufae 40% zirconium, 30% barium

9

nitrate k&< 30% barium peroxide mﬂmuLudﬁﬁgﬂﬂizﬁuﬁwmumivmwwnmmin
“valﬁﬁﬁquagjﬁ'mmwmﬁwmmu wazruzifiantsssilinnngludmaaeuiadnnansuy
(pressure transducer) mmﬁqﬁ'Nﬁwmﬁw:mmLmﬁuﬁimiﬁmﬁ@:mam@Lﬁ'@@m?
Wanuulasussiungludmagay AruANANAUgIgAAINNITsEIinf AT LR

nimaaauluiATes 20 An9 AanuglN 219 uaz 220 AidszgndldiuiaTasauIn

v
v KX Y

1 gnunafwasladuiu adnelafinuiiiasaindipsasnagaauaunnlug Auiuassaqld

o

vy o % o

FunniaeaunIALaziaa lun1mmasesuiarAfanin N lrldesaninaesaiuauaislunig

nageuldmaiudnAnasU 5 deuriAniugegaainnisszidinaIneTease Ll
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ArndntnaziAn IndiAeiuAIAYINAW adiabatic gegaiildiainngwd) 3UN 2.26 wandATes

nagauun 1 gnuiatimnsiidulniuuinsgiu 1SO Nldeulias

519 2.26 LATasNARLNITIZITATUIA 1 gNUNATNAS UsznaudaariAzaenas

u

sznuRAfiy LazdnNI300aa8anannwle (Eckhoff, 1991:539)

o

dl' A I A Y | = 2 L3
wreanadaufannatangnideniiuAremagaunnIgIulunisia L
ANAINAUGIZAAINNI992LT ALAZARINGIAATBINFANATNAUIAITAADUNIA NAIIAD
i = = v A ' o ¥

\rTaanageuauIn 20 ansgniaen iduiATeslieninsgulunnmaga A NaAuiagad
ANRNNNINTFIU ASTM (2000) WAZIATENNARBLITUIA 1 GNUIATUAT ATNNIATTIU ISO
TneldAraonsugegaannisssidafluinmuaiaasnisseidndensiAnlideandn 1.5
unfina (150 Alataaana) @A udiisananAnuas 1.1 011504 (110 Alathania)
negn ludauauiiasetnaimantaglsAainaynialinasenu 10 ilaga lunimeasu

?.'/ o [ % I o t:ll a é’ dl =X
M’Wﬂ@ﬂﬂ?ﬂ’]m‘l.l’ﬂﬂﬂléﬂqﬂﬂﬁ\iﬂz 0.2 N3y memmmwmumnmﬂﬂmem AuUDNLTNN

v 1
o o

aynN AN W liANAUgIgARAIAINGT 1.5 Un5ina (150 Alataaia) vinnanaaaiein

'
9 o

Prunueyniaviananaiuda WdulivgldneudiAraududunignaesennini

D

aun3nseiialél (Minimum Explosible Concentration, MEC) HAnagiszudneataauidudu

(HaravayNAinszaslutssaiunsestimaaay) geganvinlildaouauAIngn 1.5

Q

unfina (150 Alathaana) fuataududuaigannilildaauaumingu 1.5 unfina (150

AlaaA1a) WEaNINNINANLRELNANIN1INAABITILAIANNATS
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24  answaraeilasesing ) AaAIANNAUNITTEILIAURIRRRYNA
241 NATBNIUIABUNA
NN3NILALIUIADUNIARNAFBAINNAUAINNNITZ TR lufitlasRansanzuin
wmmfa%i'ﬂ (median size) ANNgNaYNIAIUIU 50 iasidusiraansinuaninisnszant

111AAYNA (Particle size distribution curve)

Pmax [bar] Kmax [m bar/s]
12 300
o' Methyl cellulose o' Methyl cellulose
O PE dust O PE dust
=Cm Baking flour 200 o Baking fMour
8P =0 YO dust - 0= PVC dust
1k 100 P
0 . 1 0 1
0 AN 400 00 [} 100y 200 300 400 500
M [pm ] M [pm]

519 2.27 AR NANR LI U NTINIARAL UBIBUNIATUANAUGIgAAINNIIsEITA

LL@zmﬂfnu@ul,wwmmﬁzl,ﬁm (st class) (R.Siwek and Ch.Cesana, 2001)

ANIUN 2.27 UARNFAIBENNTBINATAITUIAN HADAI AN AUGIGALATAT
AYINIULINAINNITEIA (st class) azwiuladnloanyniAlauIMANAYANIIARIAINANES
WU Siwek (2001: 12) LAUBUUZIITWIABUNIARIBL 19NN zaNTUN1INAFDUAILATES

= = A 9 S P = @ =
NIMTFIUIUIA 20 ARTALsHIUIARALRaNd MTamIaNL 63 TuAsau Wasarniduauiay
vineunauaauaeeluainARNganaantanIannaes uslineudenivuamineynia

2

foatelauialungnaniiinanimaaauls wananniunudngilnininszanaeyniAuas

¥

Mnantatanisdnaeseymiegimeasy dualunisanuinreseynianewdngimasey

q

1
o

HuABaUNIARTLIAANANTAENIZLAUNIINIZANBRATA WAZH1BNTNAUN LAFBUWIA
ayuN1ABENININ N13daTUInayNIA(Ha liAn13qaseiding nasaniauginsainszany

aynafiugeail

242 WATEIAYINIY
mmwéﬁuﬁuﬁmﬁ‘mmgmﬁ (Relative product humidity; H) Aadma1d91
i:udm_l?‘mmﬁﬂummmr;im_l??mmmmml,ﬁa Lﬂuﬁﬂﬂ@ﬁﬂﬁﬁ'ﬁﬁwmammmﬁuzﬂ@m
Lmzﬁmﬁqq@mmmmﬂﬁ'ummﬁumnmﬁmﬁm mngﬂ‘ﬁl 228 uansliiuinAnTuzes

AUNIAGBIAINGT 10% AIRTUANIALINAAINANTUABANALAINNI9T2ITA
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Pmax [bar]

Kmax [m bar/s]

200
e Peat
= Tobias achl
150 = Cellubose
100
o' Peat
wOm Tobias acid 5
2| «On Celiubose F
0 y = :
i 10 100 0 -
i ; 10 100
[ a] H [0/0]

519 2.28 PINANTUEIEUINANINT AN STRIaUNATLAMNAUgIgAAINNNIsEITn

LL@zmquuui\imnmﬁuﬁm (st class) (R.Siwek and Ch.Cesana, 2001)

dl di (=3 a s dl Y @ d’l
’Q’]ﬂgﬂ‘V] 2.28 Watniluinuaiiduiuuaannianuina AN AL89ANTY

| [ %

Tug99AIN91 10% LAdRLal A1NNgINHaAINTULIBUN AR INTUAIANALEIQALAY

u q

£3
ATAINTULINANNNNTITLLN (st class) HAnanas Ew%wmmmm%uﬁﬁmmqumm

a a

wazusasulunissriinaasvnenulng@nizeunIndunsd A NTuTan Bnsnavey

é’ o o A (% dl 2 o 14 v |%’ = 1 a
ANTUEUALLINAeNAS N IaynAg N I ssmanaz iAo nfeuununiinivag uuia
ayN1A fuAuNaespe ladnNssmeeany19aNAanUAENR A NN S TUaU fl 99

. Y o Y a Y d. o aaa 4
preheating zone 2a3ilaanasin i liAnfamuannandnsnUfAsen s lulaynie
LA AUALATNAB A TNTULBIDUNIALNHNLINPNAATE I NBYNIALATAANIINIZANYAITD

ayn A lineandeslalunissuiiinuara g uieNaInNsTlnayNIANANAAAS

a

243  HNAIBNRUNNN

a

o

grungRilutladendAyunlunszuaunisgnaningsy e Rgeauay

o~
©

oslﬁzn v v

1 V¥
i liAraoudnduaigaaasaynianainisnszsinlianas (ziialfdnaau) uanainil

a

BNBNADIGUUNAFBAIAIINAUGIAATANTUNNINAITN ANIUN 2.29 WLGIAIAIINAY

a
|
a A

14 !
gegannisszidniAranaaiieguu)igeaudunaniaaniiuieandaunis unandun

a o

ANAY UBNAINUGUI)NENH K AFBAIANNILIINAINN932LT A (st class) NAN9ARENBYNA

a
' 12

AANITHN S TULI U NN AN G9TUA LA T ANAINTUILINAARY UATIaYNIATNANNS
et 19tiAIA N uLINaTgels AniuluATeaAge uANENATB9g U RN HNAs e

AU NaTias N NAuliFasRa TN
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Pmax [bar]
10

0
0.002 0.003

1/T7T | ‘HK ]
‘IJ 2.29 ANNANNUTIL mﬁ\mmmuLimum@wu@ﬂﬂunummmumm

0.004

a1nNN1332ilin (R.Siwek and Ch.Cesana, 2001)

244  HAUBIAINNAWLINGIL
Eckhoff (1991:46) 1¢f4ludagaaes Wiemann's (1987) lunismagaeunis

v 1
suilinvesaynianuinduinian e lunguetlaiEnnns 1 gnuiafiang AsgL 2.30 uanq

oA

BNBNATBIANNAUENFUADAIAINNALGIARAINNITInLT Aaz i lA I AN AGIgATRINT N

paNAnwAaziduAauia il siulntnaiLANARENFY (Fuynl) wazaduidnduaes

dl 4 o N @ o & ] [ o o & a 9 dl
auN AN WRNAY ol Al AALLsEulneReRELTUNUY LangANNANTUSITIWEUAURTdN

annEUlunIINAIna

L bar (abs.)

&ﬂ[
/7/'“—% — |

30+ / / |
ﬂ.
/ ! e L3 bar (abs) ’

20 - |
|

,._
o--....__.____“. _
T 9172 bar(abs) ‘

ot |
.-—.-— .
®=@~ 1 bar (absTINITIAL PRESSURE

MAXIMUM EXPLOSION PRESSURE [bar (abs))

0 1 1 1 1
0 500 1000 1500 2000

DUST CONCENTRATION [g/m’]

51% 2.30 dayan1mAaesres Wiemann (1987) AnAduAuaINnsseiin

dudiudiimananudndudisiie naasulueseseun 1 gnuieiiuns

NAUAUGENFIUANGS] (Eckhoff, 1991:47)
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waNAaIN Eckhoff (1991:47) 1909 ludayae9 Walther and Schacke (1986) #4%11n19

nagauuiulneldfayniatnawasnialursamaaauauia 20 ans T9linalndiAasiy

717 2.30 WeansuEna el 0.2 v 3 unFAnysal uazdanedoyavas Bartknecht

(1978) TavinnnsnaaaLEsUTN WA NAWENY 0.2 D 2 unfdnysal wazldagUnanns

=

v i ¥ 1
NARDLTDIVIIANNYITUUAAIAIZLIN 2.31 UBNANUANNAUGEHFUTENAAaA1ERI1gI4AT8

nainANNAlududunsuaANABENELINAY 2 unFduysal Aegiln 2.32

su

AUAMNALENAL Nagaulng Bartknecht 1978, Walther and Schacker 1986

51" 2.32 AnndniusIe9dnIgegaredNsiiNAuaINnNIIssidnayn A TnA LN B TIAL
INUANRNI A TUNTUENAFRLLTHIAIAIN 1 QNUIAMNAST WAL 20 ARTILANINALEN L

nagavuine Walther and Schacker 1986 Laz Wiemann 1987 (Eckhoff, 1991:49)

]
al

7

2.31 ANANiusTeIAIA N AugIgaANNsszilin TunTusENATALH

(dP/dthyax - v'd bar m/s)

MAXIMUM EXPLOSION PRESSURE [bar (abs.)]

600

30

0 F

STARCH (BARTKNECHT)

AND POLYMER POWDER

[WALTHER AND SCHACKE)
~

Ll
BROWN COAL i
[WIEMANN) / o
£/ \BENZOIC ACID
PV (WALTHER AND SCHACKE)
//E/
s
V4
/E/ +Aame 1m-vessel
0/// oo 20 l-sphere
’//
1 ] | 1 1
1 2 3 4 5

INITIAL AIR PRESSURE, [bar (abs.)]

laz Wiemann 1987 (Eckhoff, 1991:48)

—
POLYMER POWDER _—
4001 (WALTHER AND-SCHACKE) 2y
. /
- +
ol /

ﬁsRown CoAL = " +& Y-
y/ (WIEMANN) © 20 l-sphere

3_vessel

1

1

1 2

INITIAL PRESSURE [bar (abs.)]

3

A
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245 uaresANiludau
poniiudauluniedfiR Ae antasiiianisnlasuudainieluszuuedig

O - A d e % .
saaialunilsruuAennaniuinigluidnisndasunatwdasy (Maunnuaziias) 1esaynIA
TunAn @I NEa waznniduusendunindswnlud aonuiulouazannaumeninedu

(dqu) reseyniaFaungnunluduazeyniafun llenudaduiuuasnuanduniaonu

vy a

thihuazenlndlfinduuandunegfiadafinla Winaaunedu

u

Tunsilaasnisqaguauliiumianduisnisaatuiusanisalfasaansz g

TWAvTan sl N uR R Fa Ut AnTTulauazfuasanisoiamar uFaulsnanigmann

WAIWAS9IUBBNGUIILINIAAILNIINIAIINTAUAEL1979A1LT0 ANHUNITATUINLEY

' '
a a

I A:ll y [ =KX v 173 [ % a I [
unenduniiutauassesldnaewn/enmgNgandIn1sqaTuI Ul eaNentunas)
Tunsszdiarasuianduainuilulaundelfiiuaeslssinnmuunasinga
o pouifutlangunnainnszuaunisludauniliifannendulidnaziy
LATENUAT 1AM AAA (airjet mill) 1ATEINAN l41AAL QINTBY IBTUAIAYNIAAIELAN 17D
AnenuRaeNeunA ANiTuhusiaiigand aeanilutlouEusi (initial turbulence)
o aruilutlauduiinannisszidaesaINnIsaENafaaeuNanguin b
9 A a o ; [ 2 zg o 3
wnludwileulasWainnisseiiia seaupasaauiiulauazuindasauiuacnudalunng
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519 2.33 ananazesanniiuduGususdednsnisszidnramnendulala e

dindiu 420 niu/gnunatinasluATasaaUlsuImg 1.2 Ans (Eckhoff, 1991:38)
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217 2.33 uanaEnaInae9A NN UENANAB ANAUGIgAAINNITTLLR
LazdnIgeaaTasnIsNANNAuluimasa LNt Aatin unanduiinannisanIALNY
nasayn AN uTniinudueu lunauusnunendudvliiuloudn udainiuieaynia
Gulanszussainainiaauulauaiinay Asiuninnageuiueyn1ATiaLGaN W
o . : - o -
WasuamiesznIanInszatgaynIAugatuIussiialiun dasuanuulaues
unaniusag Angia 2.33 WelasuulasAnauieg (aonutiulow) M lidngegaues
nsinAHAulRsuLlasn luaziagwAugsgaannissziinarlAAaudnannan
VAU 200 HadTuIT wansviudaaenAugegailuantimnanesiulauniing
TUIE N RINE94ATRIN TN AN NAULTUANTAN N AUNA ANART

{ = o

1 1%
Siwek (2001: 10) NA1231AN m@qmwﬂuﬂqu%@gﬂummmmimmm@

I
ar A %

qATUIL (ignition delay time ¢ ) 1TUNAN TeABIUAE

| a

UFIIANFIUABUNI AT D
NAaLAuINATUILIEIn ?ﬁlaﬁm@ﬁi@mﬁmﬁqmmmmﬂﬁmmmﬁu (RINAFBAT K )
FavtulunnImageL Al ignition delay time AsiUANIATTIY AD

FARINAFALITNA 20 As: t, N 60 HaAIWT

LPTENVIARELIIWIA 1 ANLIVATILHAS; t, = 0.6 W

TaainAntainawiiuton (t, < 0.6 U7 138 t, < 60 FaATUIN) ALNNAINTUUI

Tunsszidia

246 WAINIUTBINIIAATLLLA
ANHANIINARBUNE NI AMNEINIUAIAIMTLNN 2521 A (Minimum Ignition
Energy; MIE) A9N1AT09MAGELITUIA 1 ANUIARLNAT LAZIUIA 20 ART WUNTRABUNNA
arnnutalu 2 nga Lﬁ@ﬁm?mﬂ%w%wmmwﬁwmmmmmmmﬁm&i@mmmqwm
lunsside sl

[

2.4.6.1 @@@‘Léﬂ”lﬂms\i%uﬁuwﬁﬂ\‘nu (Energy independent dusts)

mngﬂﬁl 2.34 Uans WITINA AN AN ANEIAALATAT K, filgannnng
mmmﬂﬂ%uﬁuwﬁqmwﬂmmmm::l;ﬁm (Ignition Energy; IE) Tnagususziiinfldany
NIATFIU ASTM E1226 sznaudaaans 34la A 40wt% zirconium, 30wt% barium
nitrate AT 30wt% barium peroxide 81993171 1.2 nfuazlvinasnulunisqaszidaminiy

5000 34
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bmax (bar] Kmax [m bar/s]
400
sl | B
a0 p [ L

250

200

150

100

1EQ 1E1 1E2 1E3 1E4 LES 1E6 1E7 1EQ0 1E1 1E2 1E3 1E4 1ES 1E6 1E7
IE [mJ] IE [mJ]

51N 2.34 ANNANTUEITNINAMNANUTUNIATUIUTLANNAUGIgAAINNT9ITLd N
LAZANANNIUITIAINNAZSEITA (st class) UDBUNAT IHTUTUWAIINY

(R.Siwek and Ch.Cesana, 2001)

o o o %

patiuaaaglliandaniu “lanann1an HIUAUNA W Ansuzaesunasqaseiiin bl

q q

ANANATY laidnazananIzian veaTuanssilal AN guuss i nanuAWWGl Tng

'
IS D o o

i hldaneuniAnguiasiAINANIRANGAIUTUNI9T2 ARG 1 948
2462 JARRUNIANILALNAINIY (Energy dependent dusts)
o o i dy o a = v
Amiuaunialunguil n13anaaeInaulunisassindua i
ANNAUGIgAAINNITIEIiauAzAT K anaduandnegili 2.35 Tasvinlidanaunianguil

AziATNANIUANgadIMTINN9sIANANNGT 1 94

Pmax [bar] Kmax [m bar/s]
1 150
o Pigien N Pienen
sk On e O e
Lo JU% n e -9

100 =

0 F

3 1
1 1 100 1000 10000 1 1mn 100

IE [J] IE [J]

1000 10000

517 2.35 ArNANTUSITNINAINANINTIN AT U LANNALgIgAAINNI9TLd A
WAZAIAINTUNIIAINNNTEITA (st class) TB4BUNIATIIUALNANIY

(R.Siwek and Ch.Cesana, 2001)
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2.5 MSMIMUUATUIATRITELNELTIANAINNISTEITIAlUNSELIUNSAARIUNGTH
lunszuaunisgranssundaunianaadas n1stlasiu (prevention) lail#iinnis
a QI dl o a (] a % [ a dl 1R
sziinudsnaasaitiung usdauninnisszilinsesayniadnidusifivwniaialadnelu
N3TUIUNIT AsnfaTuwdardsinisussminissviliatulidenatioangasanszuou

nne rmimﬁ 2.3 LAANNINIINDRINT9TTReiU LL@Zﬂ’]ﬁ‘Uﬂ‘ﬁ‘LVﬁﬂ’]ﬂ‘ﬁ‘?&L‘]’jﬁ%@\igﬁQ‘ﬂlé.ﬂ’]ﬂ

A19199 2.3 AnIaNzednisdediunarLsmInisszilnleddanaynia

PREVENTION

Preventing Ignition Preventing explosible dust | MITIGATION

sources cloud

Smouldering combustion

in dust, dust flames

Inerting by N,,, CO, and

rare gases

Partial inerting by inert

gas

Other types of open

flames (e.g. hot work)

Intrinsic inerting

Isolation (Sectioning)

Hot surface

Inerting by adding inert

dust

Venting

Electric sparks and arcs

Electrostatic discharges

Dust concentration

outside explosible range

Pressure resistant

construction

Heat from mechanical
impact (metal sparks

and hot spots)

Automatic suppression

Good housekeeping

(dust removal/cleaning)

&
TEUNMNHNY

= 4

o a 1 dI 1 o k%4 1 % v Y
n1stlasnunisseid ﬂ"ﬂ’]ﬂLLV@\‘]%HQH%QN@%WJEIﬂu'V]@WEILLU‘]J1@ﬂZQ’]"J1"J1H‘W)°1I@ 21.4
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AuuzaNatinemaE lasdareuneussul
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v
laaanlas latin Wizani
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ACHAAIMNANTTNVLLINAUN NN UL

%
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a = 1 dl 1 o a aa = 1
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"ARNAUAATDINI99EIIA” (Reduced explosion pressure; P ) WaASAILN 2.36 wsaiuil
a :j/ A 2% 1| o v a % QI é/
nannszLaunsaasdunay Aanswd ldaemuanduinlfiianufauuaznsiaau

o = g 3 I
ABANAITNAL @ﬂm:mum@ﬂ@mﬂmam(mﬁxmﬂ)"nfawmmwwiuLmivm MN@ﬂBJ‘LW]

o

Maan el uasunendunmnndudodunisanussdu vivaasnssuaunisiazin i

dqunnaziAn

red

wnanguilulauiflunisindnanismnudaasunandusag An P

1951 UABIEIURNNYINTAIANNAUN NN I N TUE AN AN

#
UNVENTED. s
EXPLOSION ™ »
VESSEL DESTRUCTION / 4

¥

i’
# VESSEL FAILURE

‘PROTECTED .~~~
IZONE WENTED =
EXPLOSION

TIME

4

17 2.36 AnNugIUIRINIIITLIEUSANANNNTIsTn azlfiPandugegn

Anguznvisssuannassdaiuls (P )

A U o % = o o 1 aell
n17.aen ldreesTune s UATAaaNasufquLlssesialld
1 v 1
(1) Usg@nan1nnisszung (Venting Efficiency) 1e4ssunaffnnfsinuitias

LaL/Y30ANAY (P ) Inusiaussdna 660

(2) usaAuNNulArate e U NI (P, ) ABANNAUNN ARBLLAZYN

1
= o I

FusasdndesssingazilneeniadusuAANINA uar P, seedpntanndi P, 289

stat red

gunndlane

(3) sluuunnilaeanuestaesyunaLsviy Aetladesrsuneiilneansiaqd

'
o

Wunwinfuni e 1dna3s degila 2.37
(4) P NUNTeNe AaTavrzuneLiesusadldauldnaanalilanianig

FXAR,
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51 2.37 winsrunaussiuaInnIssziianeuuazuaansldanu (Eckhoff, 1991:91)

Faagzune L oty 4 uuusail

2511 wuunga1N1ann11uldies (home made panels) Huauiniundgyss
PR , , a o T A AR oy =
Nurdueu duukuazgliflanuaziinfianugUnsaifiagensta

2.5.1.2  WHUsEUNELsas U (Bursting panels) HARTXAIN 1999 URNNIANUA

A . - & Py oy ! cad o o
P V]LLuu‘ﬂuluLLm@ZLLNusﬁ\‘lﬂf]j‘LﬂﬂﬂImﬂﬂ P__ AIANNAYNUAENIN Pred ﬂﬂ\?ﬂqﬂﬂﬁ‘mmqgmﬁﬁm

stat stat

LAND WNUITLNELIARLL LRI AN 8wl n wazgilsneliaeand uansiagili 2.38 uaziin
A ¥ -=ll ¥ dll ¥ ' ¥ a o '
wasufemaaundauaniie Winunwseanmwandexnliinanisianden uazinnaey

g4 230 °C

d' 1 o/ a !
gﬂ‘l/l 2.38 ANUITLIZLINAWINNNITIS L ALLLIAIN

D

25.1.3  Hanwniziiuilszuiuiy (Hinged explosion doors) waA#agLy

o v &

2.39 Hg1sramanaataunuginsainazinllsinse sodenvestszgsrunausediuazfiag

stat stat

szyAn P, uazilaesdnludFidannusuainnisssidaiAmingu P

Dust Collector with Exploguard
axplosion vents manufactured by
Henderson Industrial Speciallies

519 2.39 tszpuuiussunaussuaInnsszsinfasen lrlafiuaynia

nasnAnIssidadaneynALlsznazineen
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2,514  wuugavinaazuansNaInaNuuuusnaeiulsegnaslaiuniied

a a o

NN9TLLNLLINAY (reversible vent cover) anilsvasAnatlasiunissvidadunAaginaaan

q a

nssuiindulgund desszunesiiniidsznausaalsrguiniuniengaatauazgnsals

Usenseuntusfi wansfagii 2.40 TafludneuentiamestesssunauuL
3 1

BAFFLE PLATE-A—I

PRE'STRESSING DEVICE
VENT (OV E R

— e

NAWNANNI9LLATEARUAA (Eckhoff, 1991:94)

1 :1/ a v dl al ] 1
mngﬂLLNuLW@m‘;LuLmewzﬂmm”Lmmemn@zmmﬂmmizmﬂ
WAL IULUIUD T UBNANNLNBINARAS T LIA LIRS TANTS LN LT A WBAIBINTATZININ L 1

vaaedsldoulunisfuaonuauainnisssilinansoy nsldausiasssyan P, 189109

stat

FLUNEAMN AW NN T AN LT

252 viesutlaslinainnissziia (Quenching tube) iluginsnliisfinsisiaann

WEWTTUN LI U (bursting panels) aanN1uenniTusnlddanaunia Aanwuzidune

q Q
]

1 a1 dd’l’ dl v o ° ' a a 3
muwmimymﬂummmauwummnLL@:@@ﬂLmﬂwmmmmmm wAtlsz@nsninlunisiiy

BN Y &

ayn1ageuazdszdnsnmnismasiutinunlulge defvesiadunlasWandamnadnfing
win lndidufingne uafuaunauan s avldinanisialnagussainie aauaugegaain
a ,i’ Adl a 1 s 1 ¥ v -QI
nsszilialuniauzazianiulannasadefsviadunlas inusasnsogae ldsoaniaia
X A o ad o o | | = o
WUNTLUBUIIA Y gruniNgerefigm wdainunendulanziun (du uiniides
azqiifian daneu W) azinliniisuluie sl lh@aveldusarusaudlals
y d o
FoenisLasudanaeaniieie

253 AENMUUATLIATAITLUNEILIAL
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2531 Annvuedndoutesszing (Vent ratio method)
Ul P, <-0.14 Unfina (-14 Alahanns) auniaian K agl
w4 Class St 11 udasrzLNgIUIALENLAZINALINAWAINLRE ANEAAIUIRITAITELNY N
A - A
AU (WUN2e9da99vU2)/(UFNNRT9090191E) WasInANTue N 1un A T TuN unTe9 e
svunaf ldanfusaaninaunuiia A dndoun1sssunawinANiasR N an I nuad ada
. o . - v, da 4 2 X
Fa97LUNRNANNIIADAZANRARIUNABINITAUHDUTNINTVRINITULLANNINTW L6 bad
aurnnnimaaadine l9aanmuadadouaastasszune 16
C.J. Mckenzie (1993: 36) LAUAUUIAUAITAITL LN ATNUWIALUD

naueipe 193N MuAd AdaLTa99L1INe FIm397 2.4

al X 4, Ao PR s o o )
M199N 2.4 ‘W‘HV]T@Q?:?U’]EW]mﬂ\jﬂq?LN’ﬂIﬂjQﬁﬂqﬁuﬁﬂ@@Qumﬂﬁ?:ﬁu’]ﬂ

Vessel size Vent area

Up to 30 m’ 1 m’ foreach 6 m’

Ratio reduces linearly from 1 m’ for each 6.1 m’

30 m™ 300 m’ . )
To1m foreach 25 m

Over 300 m’ (silos) Half to full area of the top of the vessel

ANNA9I97 2.4 A1H2900aR lugns WA NANAUEAgLR 2.41

v i o 1 v ¥

v o ] ] = A o dl o Y IS ¥ 1
nsldisdndoudasssunaiidasninagdasda °1|‘ﬂLL‘iﬂﬂ‘ﬂﬂQ’]QJﬂuVI‘VI’ﬂ‘VW‘ﬂQ?ZU’]ﬂLﬂﬂﬁ]‘ﬂ\‘li&l

u
v

11NN31 3 Alataena Lazdasssuiafasiuintn lNanngn 25 Alansu/m1 9N ng 1a4a9
= N s 0 = F - \ . Vo
AalunsiNANTUEFAaALNe (vent ducts) YiaA23RANe9 LAY 3 WA (MaliAdssaiy

oy a
AUz liudanss)

12

Venl area is
hait to full
area of the top
of the vessel

Vent area (m?)
(4]

30 100 200 300
Vessel volume (m?)

51N 2.41 ANANTUSITNINNIUIATRTTLNUUINAURALL TN TN T UL

ANUIDUARER N MUAR AR UTAITZUNE (C.J. Mckenzie, 1993:36)
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2532 Anulunsn (NOMOGRAP method)

FanGuduEualng Verein deutscher Ingenieure ABNIYNWRAIUN
Tne National Fire Protection Association 33lulunsmilfiesldArannismaaeiitanisi
AYNNAUGIGAAINNNTIELL ﬁ”mﬁzgazgmmmﬂﬁummﬁu WAZAN Ky, felgannimaaes
lurtemageunisszidnauinmaus 1 qnunAfiums deldaniazuuandulueiemaday
finnsthulauuazdpauidaresmsunsniralaniguniienlugraivnsss gufl 2.42 uans
mmﬁmﬁuﬁmmmmmﬁu@;mmLmz‘ﬁuﬁ“ﬁmizmﬂLLNﬁuTmﬂmﬁwﬁﬂiuiumﬁw kb

¥

naaalag Brown way Hanson (1933) ialdaynianianonduilasndi 8% nnels

a 1 !

ANNAFIUINAT K TAINGD 75 1ag 100 U1 wms/Auan nsnaassiiduiaeniudniiag

Indihesiuaniayasannnuasgnin il ldauneilaqriy

0:20

LUNN 11989)
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=
=
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o Puax [bar (gl
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. sunt>“‘*-——-_:..
s
®eo~s

o 2-a-e ’

DUST ot ——.
H
I
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. ¥ 1
E‘IJ‘Vl 242 ﬂqqﬂﬂﬂwuﬁ?ZquQWUﬁﬁﬁuqﬂLL@%V’W"J’]N@H@]\?@‘@Qqﬂﬂq??zﬁl’ﬂﬂﬂ]ﬂ\ul’ﬂ\?
@ A J - s Aa o o
LL@zLN@@WﬁIMﬂ\‘i@jﬂU’]ﬁﬂmuqm 2.8 Qm_nﬂﬂLNmvmﬁj‘ﬂ\‘]ﬁ‘:‘mﬁlL‘]J%LLUUU?:EJUTLLWUI@M::

naaaalagl Brown WAy Hanson WEeinieaunanas Lunn (Brown and Hanson, 1933)

¥ 1
= a ¥

C.J. Mckenzie (1993: 37) LlAUANTUINUNTOIT2 U287 b T
nalaeldan P, P, uaz Ky odututunsvssgiy 2.43 Inafidanivun fsil
® A1 K, 1AAINNNINAREIAILILATANNAAALININNANTUIA 20 ART WAZAN Ky 1899EAL
class St 1 #Anaglumag 0-20 MPa m/s
y 1 dl a 1 o/ 1 1 y 1 dl a g
o anutluilulunirusnarfndasszunausssuliarsuinndtaonuiulauninaauly

LATRINARDLI
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® MauzATHdndtuANgIsaduiuaudnatsieand 5:1 (Heandn 3:1 A miueunia

A K, 9971 class St 2)

o Haldalulunsnlun1sNuRgdasrzuny UTunnsnqanelunguz At ANWINA Ui

AuANTRILTNRINTUE (antdu i spray dryers)

® NIANUNAIUNIATBITAITELN LN FUAER A I TN N s nFas ld 1 e P SA1tias

n11 20 dlatama

® ANNIRALUDITAITLUNLAITHANAY WINLNVAITRITZUNEIAITHAIAINTN 10 DlanTusa

uﬁqmmqmmmmﬂim@zuw

aa X 2 ° Yo ° % v ° o N
[ f;ﬁmiwuﬁmuiummmuﬂﬂ%ﬂumimmm vent ducts 1mmﬂ°nmw\1mmummw

v
11 vent ducts 134

gﬂﬁ 2.43 Fnasielnlunsnlunisinnuiaesdesssung (C.J. Mckenzie, 1993:38)
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253.3 35984872101 (The Swedish method)

Jatiiaualag Danielson TgAUBNAYNIARIANERINGIQATBILNH

o

wesuANNI9suLde (dP/dt),,, NBaINNIIAaassaeATasmaaal wNuaunguail
NANN 1 (dP/dt),,, < 300 LNSAWTN (30 winnziaaa/Aun)

300 UNF/AU < (dP/dt)_ < 600 U$AUT

max

> 600 UN$/AUN (60 wWnnzUNdA1a/A1N)

max

2
NgNN 3 (dP/dt)

NNINNUUANUNTBNT D92 UNLAALFNIAIUDIN1TULALULNANNNGH WHAIAINAI1IATAARS

WaUTNIAI199nN I uENINTW BUNIANGNT 1 T UwNWIzUNIWLLUIUAY (hinged vent

1%
= o

panels) ANUMINNINTGA 20 ATANTH/AN31NAT BARAIANNANRUTTEUI1INUNTDIT B

seUNg [A; ANTINNAT] UsHams [V @ﬂmﬂﬁmm] WA P, [ U5Lnal 1FA9ANNNT
0.019

0.5
red

A4 = x J 0633 (2.10)

1
=

ayn1ANgNy 2 MAuuENszIngua U R uin ldunnfae 12 Alaniu/mns1awns 351e9

ANAULAAIANNANNUS LA FIRUNS

A = 9:044 x 7 0:685 (2.11)

0.5
red

% {

z%m%‘ummu:ﬁ'ﬁ@mzdfmmngwi@m’mn"m (L/D) 479NN37 3 F5URIE0 ABFBILLNATIE
duFunstinee Lﬁ@i%mﬁuﬁimﬂﬂ?mmﬂ@m flussfasdl LD < 3 amiudniiuioes
ﬂifaq@:mﬂﬁﬁflmmiﬁmmmmmummﬂ?mmﬂfaﬂ"] usanAuuRuTiaestesszuned
IW/LEN
2534 nnreeauiduiudesssunaussduainnisseia lulala (The
RADANDT Scaling law for vented silo explosions)
Eckhoff (1991) fa”ﬁqﬁmmmﬁ“ﬁ' wualng Radandt éﬁ‘ﬁ
P, = (b xVe )/(A —a xV“) (2.12)

aun17aanann Munwunaestasszunag iy lala Hsoulesasalili

¥ 1
a

A A8 NUNTR9TZLNELINAY (MR8 ANFI9NAT)

P A AuAugegaannissnialulalanfntesscunausasis (Mg Unina)

red

Auua A R 2 unsina (200 Alathaana)

vV A 1Bueslals (e qnunAtiums)



52
A 1 dlg o 1 ! dl 1 c a =
a,buarc AD  AIAIIAWALAT K 2890UN1A [WHaR Ky = 200 1§ iR9/AuT
(AN@94ALR9BUNIANGH St-1 hazard class) A1 a = 0.011, b = 0.069
uaz ¢ = 0.776 ArAsnildannimasedlulaiazuin 20 gnunafiums
nszantayNIAlALRNAETIBANRALNaYNIA U lIT1IAIALT
pananavnn leeeingls

P A ANAWNYNULAT0TR9ITLNELINA ANYF WTNAWINAL 0.1 Unfina (10

stat

nlathanna)
Eckhoff (1991) Tiinannng 2.12 wsaiiiauiudaganismaassaes Radandt wi31Ax
a;w,mmmmﬁuﬁmiuiﬂmmmimﬁuﬁ@ L/D=6 %%umﬁuﬁﬁmeiwml,mmwﬁqmuslu

nqasziinlaemnea mmmmaﬁqmﬁmum%m waAS LA AUIN41N13289 Radandt (2.12)

a1aluianysninenazidungnisnawindessunausaiululala

254  NOHINIITUNHLINAAINNIITLTNRLNA

1
o a

annanaluiiada 2.5.1 m’mﬁuzﬂmmmﬂmﬁuﬁmﬁfamuﬁmizmﬂﬁﬂ P,
a %’/ d’ k2 = a (% o v a 1) Y o o

NAANARITURAUTITINLAD A mmmmmammm?zumﬂmﬂmmﬂmummiuslmmm
Autdantv saauiludeusesnuendunedladlfmnlnduasiindnsnismnndans
UNBNHUAE ﬁqﬁquwﬁﬂﬂﬁ:maLmﬁmmmaﬁmﬁW-i"nl,ﬂuﬁm@%uwL%W@Tﬂ

a '8 rdl (2 £ :J/ dy Y =< val o )

AAAARTYR9U 1NN 1IN T UG 2 UNIFBIUA Y LA HNIIW A UL LRIRIN
polpAnaniraenIsssidngesinauaznisssiinaedeunia wazaunsn Iidungwijuazuuy
1884 ANN1TUsvaaanalasmaNfamas (computer simulation) Wainlu1Elun1seenuuy
Ta9srineusaAuTesglnsallugnaniingsy Inaannisvsalu A aessenaitazatna s

anyAgIunIgnsnsun ndeesinendunieluniausnldesssuna us AUNAn w1y
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7/(y-1)
L (7;1j (2.13)

e y A AIUTBIANNFRUA NN Z BTN IT AN U A LA A AN FOUS NN IR
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mmﬁuﬁﬂqmﬁmﬂ@zmm 1.8-1.9 aufuAN AUl UNTUET 0.8-0.9 LNFina (80-90
Aladrama) AAMNFULIIENNN AN LN @Tﬁﬁu'gﬁﬂm*ugﬂmmﬂumzmumwﬁqulw
uugageatnnsszidanelunisusiiten i lddesdArAndn 0.8-0.9 urfina (80-90
ﬁimﬂmm@)%%ﬁmm’i Sub-sonic flow Lwﬂu@ﬂmnﬁiﬁmmﬁummn T LATeaLA

UNIRAAIFAZIUANNAUIBS P, /P, AINAIULINTBINI9ILUNUIIAURNATAININNGY

ANAWINg A aziiunagluauiy Sonic flow

2541  VeEDUeINETE (Theory by MAISEY)
~ s A o8 & 5 ~ .
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25.4.2 Nnu)rededt uarlnead (Theory by HEIRICH and KOWALL)

dd”a . ¥ % [
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1/2
[dpex ] = aé (Mi Pred (Pred _PO )j (214)
PV

dt V- M
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P, AR ANANLITIEANNA (LNTANY D)

o Ae 1ssAVBAMNATIZLNE DAL 0.8 dmslteIsnemAg
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NARLLILLY Hartmann 119A 1.2 ans nagliangAgaudnainnsaldngsniianls (cube
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dP dp V itar
ex - ex x | arim 2.15
( dt j Prea Venet ( d t ) Prea Viiarm ( V ] ( )
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a a & D4 = o 1 dl 1%
Bei5a uarlndaadagidideyaann Hartmann type a1u7sadAinuduiusiudeyanlaas
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dauseqlidaniazussanniAlnaniaudsanidladesszunsusasuatnaiuniule Tne

NANTUNNINTNULL adiabatic WALLUL isothermal finel

2543  yu1e95a% (Theory by RUST)
noeresdarildnuguainngeireadss uazlatesd Inelidnem

A9gATeINITNANAuAIIATaIaaa U UL alTun1sdsrnuAtAanFan s Tndd
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adzannissziinlunigusnidesszualnaeAangsinfiaiu (cube root law)

D

a

Y v o oA ¥ o < £ [
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2544 mqﬁﬁm@ﬁusﬂix LALNIUINE (Theory by NOMURA and TANAKA)
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(Yao) UWARAIZLIN 2.44

519 2.44 LUUANABITBINNITELNEUSAUANNNITEL A

?J@QT‘L&E;IJ‘J‘:LL@:V]’WH’]T]Z (Eckhoff, 1991:471)

LA A099991 A9 AFINTLUL x-x (boundary surface) In&
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ﬁluﬁ@q’u@ﬂﬁmixma%qmuizmu xx aanlu/lsiinnRansnn antuanlda¥reannns
AR ANF WU TNINIATBT LU TN T IMATEI TNER E83 T BATTLIUN T2 LN WsasY
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da3an19MAaIANET WUIINNTATMIDIN LNt LN Tua N ATIRs RnTlan T AgeiL
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HANNINARDY 1NAsagldn 427 = dAvaed dei Wl dunguiuidesssuneidenuin

o

1wz nau (scaling) Aviuniausidndaunnugesiaiduniuguanansian ldifunil
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2545 NITIATITING B TB9UIN WATIIBTITA (Theoretical analysis by

NAGY and VERAKIS)
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TuaFusnuifuaznemfanmuIg e uileiid1niudesssune
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malunigusaum 1.8 Qﬂﬂ’?ﬂﬁmﬁl? NTRITLUNIUTIA

25.4.6 mqwﬁmmﬂgm@immmz (Theory by GRUBER ET AL.)
‘ﬂ@:f;mfﬁfuﬁ@ﬁﬂuﬁﬂimmﬁnﬁﬁugmmmﬁ"wLﬁulﬁmﬁuﬁﬂﬁﬁﬂﬁ'uj
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Taenfulunisnaunisauduiusraaun Ame A uTutlauiy Reynolds number 284

nsluaaasunentui e g
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2.54.7  Nuues iy (Theory by SWIFT)
aayinanadnauAugegannauenulfiiludndoulnamsaiudmns

Sonsn ludresuanduaniideaas douuramefaoniluilou (ldanuanimaaas) f
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2.5.4.8 Nnu]r939924 (Theory by URAL)

= {

Y \ o A = o aa = o
ARLLAIN mq\imﬂ\‘imq‘]ﬂ{]ulﬂ‘ﬂLL]_I?THULWEUﬂUWﬁ]H{J@uVIﬂ@’]QN"Iﬂ@L51.|’]1°ﬁ
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AeANANTWEdNE AsgLN 2.45 Wadnsgegareniadinandulunisssiianliingg

FEUNEILIIALIN AL

dpP V2
(;jmax - 2tmax (Pmax _PO) (216)

WaP, AR ANAWENGY

po))S

P
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t. A AIIBINITIATUIUIBINIITNARBIT IAAIAHAUGIAA
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8 ANNAUGIER

AMNANNITERTINTANTUTIAINAUBUR UL SRR Ra t
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o

06 —

P
Pmax =

06 L

T{1-cosixt
z m:)
FORO st <t i |

mIx
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|
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1/t

I ! 1 ¥

0.0

12

max

519 2.45 n3dsz NN ATIAANEASTRILININ BRI NN TULRIANAY

A1INN99L AT N TeITT LN U IAURINN G ] 28997848 (Eckhoff, 1991:473)
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Tudassnnanduindalianysnl Sedeaimuineansnisen lnduazaauiiudouEugu
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a
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q a

a 1% o
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WUINGAAMNIININHAIHUTE IRV AAURIMENIE1IU TIAINITOAA

o a

15\’%\1‘Lu5WVT@3WL§ﬁam§mm (bucket grain elevators) Lm?"@a‘ﬂmmqmu (feed mills) 1A%asTy
ufls (flour mills) Favudnans1ansd SCHOEFF, (1999) NPITIINEANARTUATGAAINNITH
ARNEIINIU Ralph Regan gauaenissnuasinilasnsisaesdnineunisinems Useimne
anigawing ianissusnatfrenissuananudafen1ananeas luanigeiEn,
wugn Tugaetl 1980 ﬁﬁuqu@uvamm@qmﬁuﬁm”m@m\m’mﬂwiﬁﬁmimmmﬁﬂi:mm
17 970 uazludaeil 1988-1997 Hilsvanns 13 asiall (s9u 129 daya) Uszidua@anie
dszanms 7.7 Sruwiuyany wenanidelfaglulefifusaesumasivnlfifianiesziia
AN 70% m@ﬁ@g@mﬁmﬁmlu@mmummmamwm%wum 129 daya LaTLFIInILIN
fiinna9sziiinann 91% m@\ifﬁmﬂm%\mm Tudaail 1988-1997 1Fam19197l 2.5 uaz 2.6
AINAIAL

A15199 2.5 unasininliinannasuilineeadannieniansmslianigesn (1988-1997)

CAUSE OF IGNITION %OF THOSE IDENTIFIED
Fires 16
Bearing failure 15
Sparks 10

Welding/Cutting

Hot metal surface

Electrical failure

w | W | 0o | ©

Foreign material

AN5199 2.6 LF9DUUIINLIAN 92 TAT843AANNMINEAT IUaNIT LN (1988-1997)

LOCATION %OF ACCIDENTS
Bucket Elevator 43
Bin 16
Dust filter

Dust system

Grinder / Hammermill

Drag conveyor

o I N~ O

Unidentified
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Eckhoff (1991: 165) nanadnamenanianaeayniainiianissziinues
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wazlugag H/D > 8 [An 8-15] A1 P__ A (dP/dt), 1N 1 H/D \Wua

max
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=
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"
il A RanaedATamAgeLTILIA 20 ARt An 1Hmanlunimasedias wasldfiatng
Heandausdasedasianaunesndalitan (6 LEL g9 wizih i dleiemunn 1 m’
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nueenidlu 2 4y Ae
o % ar o dl ! ! 4 ¥
1. NIWRUILATaFIN Hardware WiunsiaaTaanageu ludaudne] Waiunsnld
WY UATAZAIN IUNIINAREL
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311 doutiesqasziiin Hesflsenaundnssil
3.1.1.1  viesqesniinilinams 20 ans

t% a dl o é’ dgjd o
Wavqnsziinn W urauluaudianrusidunsananauinidu
HNuAUgNans 337 HaRLWAT NNANAAUIAE LWBT 316 U1 8 HAALNAT NUANNAWLH
20 115 (2 wnnzinaana) ﬁqgﬂﬁ 3.2 fnuuuresdatludtinilsznausmautinul auiidas
AANUFA0Y (Upper port flange) wazdnmnanuntinulawdndu (Main support ring) A8
Hemnasilaesiueas M8 111A20 Radatnstensanatadundnanaldinaasdq lnia
) A N o v = = @ &L Ay o ey
(Spark holding plug plate) Ak luNanHzlAsATINNAN LaziuniuaanTslAuay 1
aaneuazuinula (Main support ring) Nilsaasnedgilnsalfanaglaun Wadnaaui
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nszanean (Rebound nozzle) WAZA98E LU IUIBATENAFRL dountiutlaudnilany
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— | | [ ] |
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Explosion Pressure Analyzer Explosion Pressure Analvzer
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duinagdadinlwaz@anseiuasAnawauIAEUNILARENATN YHa a9ANBuWAIT

1
=KX a o aa v o A

! 4
FioENIasNNIWIALRALNTUEARART AN AAT LT HUAat aanieanuULTUAFLIT

b

% o =3
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Lock Ring & Handle
O-Ring 162x3
Main Support Ring
Spark Plug Plate
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1 Spark Plug with1/4™ Copper Rodi40 Length
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=
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3.1.1.5  dauedtesaeaInie wavszunafingainnissziiia
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Cover o
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=i ! = 4 a
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3.1.1.6 gmu@uwimjm LATRINAZAL

54919 3.8 LL@m‘l%ﬁugmmmm?mﬁwm@Lmul,@mmm
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v
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400 x 400 HAANAT FUAWNARFITIANTLFUTEAL IFNYNTIA Aang uiiuvindnwe
ARG T AYNNga 295 Hadwmsldresfurumgiuresiesansidn Tnefuinensves
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3.1.2 | duangaNgnuaTIdnaunIA ﬁfqﬂmaim”ﬂmﬁ
3.1.2.1  tNeINASA (Air zero)
sznaudqgeandiau 21%uaz ulngiau 79% anludel3unns 6
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LLNummwwmm (Rebound nozzle)
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(D PISTON HOUSING

(@ PISTON HEAD

@ PISTON ROD

(@) BRASS SLEEVE

(&) PTFE PISTON

@© PTFE WASHER

@ HOUSING COVER

(B 5US SOCKET HEAD BOLT & WASHER-MB8
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5US SOCKET HEAD BOLT -Mé . 4 PCS'
(D) RADIAL SEALS - 2 PCS'

(2 eistoN ROD O-RING

(3 rnaTsEALRING

(9 PTFE PISTON O-RING

(i3} HOUSING COVER O-RING
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3.2.1.1 A/D Converter Card
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a %

16 189 4m31N1950dRYa 100,000 daya/AUIN da9dTy YN afsuld £15 Taadd daananlu

a

nsutaddtyeynns 10 ps ATiazBaaTedesaiiin 12 bit dauilifiunnasudyoioain

u

o o

1TAAIHNAL
(2) nAgedtytuNUuazu1Iaan (Analog Output) Hdaadedtytyo
2 FasANqnTUdRyan 3 Haduan]
(3) nAFudtyryrtunanaa (Digital Input) NdaaFudnyy1n 16 das
Frynyrunaneaiudigase Aaidla-Ta (on-of) AungaRifulada 2.0 Taad Arsngad
5ul@Ae 0.8 Taas

(4) nnpdedtyuniAanaa (Digital Output) Ndavdad oy oo

—_
»
=5
o

g dsfyyroulaladmninan 2.0 lnadnusedulnin 0.4 faduentl doutiidunin



i = £
Qmuammﬂﬂ RaNALEET FUAT wazlisanats

{fumu

dlm T ondonsanssuen

I
.|,,. .
ﬁﬁﬂ?x@@ﬂﬂmﬁﬂ’lﬂ Prassure Transducer d e e o e
L VAR AT TR uw
sl sanilud sy ey 1ou wudazun dan
FIERTU

Coupler waziudaafiainirunmdas

Signal Isolator

el "IFiL%"Iﬂ Fkan Lﬂd‘].l'ﬁﬁ‘;!.ﬂ A

SaETnAER

1% 3.15 ununannassiafengnsninauan LarinuaIANIRLLATENAGRLNN 3L

9/



@,
f’?);
%
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3.2.2  IATAANAUAINNITIELN
3221  #dAAINAL (Pressure sensors)

safnAnusudsininiresfasqasidinldudnnig Piezoelectric
nanadeneluiafaiduninarendiu AeugdsraileldFuaausu s daugse
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3.2.3 sgm?mﬁmuquﬁu udautlas uazlaauasfAvan
gﬂﬂ' 3.17 Lmmi%ﬁuumﬁ@umaﬁmﬂpm M AU NIAdIA Ty Iyt
Aanea (DO 0f DO 15 uaz DGND) anansaseas Wl diadilederinisasunw
3.2.3.1 FwdiuA1ain AD card
fouanalilugy 3.18 {luFiadild e omron $u GEV-1 wintdu
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33 TsunsumupuuazilszanasanusuaaATamesaunssziinianaynia
Iﬂﬂmaﬁum"ﬂumamu@uLm%wmmugﬂWmm%umquwwﬁum%wmmumi
suillpdanaRnIA 9rne Waunsuazldauldiddenelupesiinmesléfiase AD Converter
Card uén WsunsuiWauntudnalilsunsa “Visual Basic” Miuszuudf)iEnTg “Microsoft

Windows” 138541 98 / ME / 2000 / XP ilaizenlde1ullsunss “CU_ExpTester.exe” Laa

Usanguiilusunsy Asgiln 3.19
~iax

Files Tools Test Result Exit
Test Code : Test Name : Outlet Valve Delap (td): 40 ms Igntion Delap (tv): 30 ms

=

Chulalongkorn” University

W Chemical Engineering Depariment

0470472548 [ 01:30:20 [ CAFS [l = 7 [ Chulslangkern Unversity )

a o = a o
;a:ﬂ‘Vl 3.19 Viu’]LL?ﬂﬂ@QIﬂ?LLﬂ?NﬂQU@NLﬂ?@ﬂmﬂ@@UﬂqﬁﬁzLUﬂ')@@a’ﬂh}ﬂqﬂ

3.3.1  ENAUANANANIENIINAADY

A . »y & 2’/ 1 cal % 1 v @

wanmy “file” lun1gssAnimaaeEsuula Ay 2 wuy

3.3.1:1 488N “New Test’ LEaBNNAN1NAAEL 1NN FAITAN1INAAD
(Test name) §LUUAN (MUITBIANIALTEA) AVTHAVLIIENNIA (MU281NS) AUEINIg
naaesuazidenasn ldvaseu TsunsuaziunndeyalnsdnluiGilanalu “Save” udn
wihllsunsuaztladniuds gilunulisunsunansdiagiln 3.20

= I PRy o X

3.3.1.2 @8N “Load Test” NOIABNTANIINARDIT LN AABILAITUNIMAADS
Tnsilaanisduidandaniunivesgadeyaiiu viaaudeyanimaseslnanaaanuniedgn
NM9AaBUileATILAINALN “Delete” 1138 1]u “Refresh” lladnisun ladaya wsani1siiu

doya natu “Exit” Walifeaenistindeyanimassauninimeaey gUuuullsunsuuany

U q

gL 3.21
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0l
Files Tools Test Result Exit
I Test Mame : Outlet Valve Delay (td]: 40 ms lgnition Delay [tv]: 50 mz
Load Test I
208 Chulal U t
ﬁ“%\? Chulalongkorn University
W= Chemical Fnyineering Department
y
Test Code: [0LI25450404002124
Test Mame I‘
Temperature (] I
Pressure [Biar) I
Suhstance Mame I j
Qa; Tirner Exit |
[ 04042548 o0:21:32 [ CAPS 11_ iUM i ’H I -\ Chum)ngkum University £
1
g1t 3.20 v llsunanGuduiufindayadiuiunimanediuel
[ 20L- Dust Explosibility Tester -ol x|
Files Tools Test Result Exit Ve—— =t
New Test Test Mame : Uuﬂmﬂﬂw [td): 40 ms lgniion Delay (kv]: 50 ms
“% “hulal Wersi
%,? N ChulalongKorn University
=y Chemical Engineering Departmen
nluad Test | — x|
Ne [ Test Code | Test Name |t | b [ Dutlet Hold| Operating Time| T [ P [ Substance Mame | Substance Type [
89 CU25471227172746 Calibrate no.7 40 50 10 200 28 1 Comilaur [Knar] Agricultural particle
90 CU25471225103452 Calibrate no.8 40 50 10 200 2701 Cormilaur [Knarr] Agricultural particle
91| CU25471228104532 Calibrate no.9 40 50 10 200 2701 Cormilaur [Knarr] Agricultural particle
92 | CL25471228105220  Calibrate no 10 40 50 10 200 271 Carnflaur [Knarr) Agricultural particle
93 | CU25471226112337 " Calibrate no. 11 40 50 10 200 271 Lycopadiunm Standard test particle
34 CU25471229112501 Calibrate no. 12 - 40 5O 100 o 200 12801 Comiflour [Knor) Agricultural particle
95 LEU25471229112541 Eahhrate nn 13 F'Iaase Gnd_ 40 KO 0 200 281 1| Comflour (Rnor] | Agricultural particle
% CUZ5471228112646 Eahh@leﬂy 40 6O o 200 281 Carmflour [Erarr] Agricultural particle
971 CU25471223112830 | Calibrate no.15 Air wil empt_l,l 40 50 10 200 281 Carnflour [Knarr) Agricultural particle
98  CU25471230153057 Calibrate no.16 40 50 10 200 271 Carnflour [Knarr) Agricultural particle
93 CU25471230163215 Calibrate no. 17 40 50 10 200 271 Carnflour [Knarr) Agricultural particle
| 10C] CU25430105105032 Calibration no.1 140 50 10 200 IR Carnflour [Knarr) Agricultural particle
01 CUZE430M05111618 | Calbrationno2 4U§D Cdn 200 128 1 Comflour (Rnor) | Agricultural particle:
10c CU2G4B0106116609 ~ Calbrationno3 40 B0 10 T 200 28 JJ Corflowr [Rnarr) | Agricultural particle
0z CU255891@13DS2U - Calbrationno4. 40050, 10 | 200 128 1 Comflowr [Rnan) | Agricultural particle:
104 CU25480105145347 Calbration no.5 40 80 10 200 AN Cornflour [Enair) Agricultural particle
102 CUZ5480M105155220 Calibration no.E 40 60 10 200 2801 Comilour [Fnaoir) Agricultural particle
10| CUZ5480105164630 Calibration no. 7 40 60 10 200 2801 Comilour [Fnaoir) Agricultural particle
107 CUZ5480105174611 Blank test 40 60 10 200 2801 Lycopodium Standard test particle
108 CUZ5480M105183757 Calibration no.8 40 60 10 200 281 Comilour [Fnair] Agricultural particle
10| CUZ5480M1059184 707 Blank test 40 60 10 200 281 Comilour [Fnair] Agricultural particle
110/ CUZ5480127134911 Test Nal 40 50 10 200 2801 Carmtlaur [Fnarr] Agricultural particle |
0410472548 00:24:41 CAPS HUW N5 Chulslongkorn University ‘

. ! v
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332 miaseiaananlunimaaes
l@aanLNY “Tools” LABN “System Setting” uda1aan “Timer” guluuuilsunsy
meﬁagﬂﬁ 3.22 vidafl “New Test" AzHLw “Timer” edsdasnanlumsmanesiuiu

3.3.2.1  Time Delay of Outlet Valve (td) {luszeizioanfieus Funalunanig

1
=

naaay (1 Start, griade 3.3.5) aunailaadansensruaniluAfldinasanimaana

HAnagTutag 30-50 Haaau Aenaernl4T 40 Dadiun

3.3.2.2  Holding Time of Outlet Valve iflutqginantasnisidlaangda fapnly

dl a aa = | 1 £ dl ¥ ) ¥ a
N 10 HARIUN L‘Wﬁ‘quﬂu‘mx‘lL']@’]u'ﬂﬂ@lﬂmﬂléﬂ’]ﬂL‘llqﬁﬁﬂ\i’ﬂﬂ'i&‘]_lﬂﬁllm

a

3.3.2.3 Ignition Delay Time (tv) fluAfdndoy zgm ARLIAINUINABUNNT
ATUIUTELLA mmivﬂwﬂﬂﬁq ) NA9ANIIRININIZUAN (Outlet valve)Tlnas HAnag)
w194 10-60 Had3wT

3.3.2.4 Total Operating Time .1l ud2919819 99U AR 11 Tun Tu TR A AN
mmﬁuumnﬁmﬁLﬁm%{usluﬁmqmmﬁm

FadeAaanudn nau “Save” i lusunsuazllaeednudd wazninida
tﬂiLLﬂiM%ﬂNﬂﬁﬁiﬁﬁL’lﬂ’]ﬁﬁﬂL‘ﬂuﬁ"}LﬁNWIﬂMﬁﬂ’]?LﬂgﬂuLLﬂﬂ\ﬂﬂﬂ wsivnn ldsiaenisiuin
nALlN “Exit”

EZ[IL- Dust Explosibility Tester 7 1Ol x|

Files | Tools Test Result  Exit -_— —

Mame : Dullé{ﬁ"’?ﬁéﬂ’a\‘ay[ld]' 40 ms lgnition Delay [tv]: B0 ms

Device If0 Card »

%\ Chulalongkorn University
et Chemical Fngineerinyg Department
_J

ENEW Test

Test Code - [CLIZ5450406 002842
Test Name : I

Temperature [C] :

Substance Name :

I
Pressure (Bar) : I
I

= _
Time-Delay of Dutlet W alve [td) : [Eg ms

Save | Timer Eit
lgnition Delay Time [te] : |50 me
Holding Time of Cutlet Y alve: [1g ms

Total Dperating Time: [200 ms

Save Exit

[ namdesee [ e [ CAFS HUH THE [ Chulalongkom Unfversity 4

' v
519 3.22 wihldsunsudmiuseAnanlunimaass
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3.3.3  nstiuindeyandnaesnismases
i@aniy “Tools” 1aBN “Master Files” gﬂLLuuTﬂ?LLﬂmmeﬁT\igﬂﬁ 3.23
3.3.3.1  gudeyanan’lu “Master Files”
(1) Concentration AaAN AT uTNN M Aae MiaenFuse
QNUIATINATLAY niuseBnaFmAgaL 20 a9
(2) Substance Type Aatlssinnansansfilinaaay
(3) Substance Name AeT0v8383R 1 lunImAgeL
3332 sy an wilagnudayaudn
(1) L'ﬁu‘*ﬁ@g@ TneWnAdasya a1 Faansfinnaauludaddng antu
nALu “Insert”
2) audaya ‘EmﬂﬂmLﬁﬂﬂﬁum%’ﬂg@%muuﬁm%ﬂ waanmaLa

“Delete”

) uiladaya Inanisnuiananiunadeyansasnisudle deya

1
=

| ' ¥ dl o a g 7 = ¥ & [ « ”
%ﬂmﬂgmmmqmuuu LSJ@V]’]ﬂ’]?‘WN‘WLLﬁl‘ﬂﬁl‘ﬂH@L?ﬂU?'ﬂﬂIﬂﬂﬂﬂﬂJ Update

&

(4) natly “Refresh” iasiadnasndayanifluilaqiiu udeianng

a a

wasuulas uilagiudesys

(5) natu “Exit” WasesnisaanainuiinTusunss

[ 20L- Dust Explosibility Tester =lof x|
Files | Tools Test Result Exit e A=A, PR e oy
Test[  System Setting » I Test Mame: Uullet?alve Delay [td]: 40 ‘me lgnition Delay (bv]: 50 ms
] Substance Test W x
Devee 110 Card > | Subseance x|
Concentyati "
Substance Type Cods© [5TE(INN
Substance Type Mame : I
T For -
= Chemical | substance Tyos Name: [Coman =

No | Substance Test Code

Substance Test Name Substance Type Mame

STEOOOOT

STENOO02

Lycopadium
Cornflour (Fnor]

Standard test particle
Agricultural particle

.

lnserll Qs\elel deatsl ﬂefrsshl

Eit |

Deg
Inzert | Daleta \Llpdatel Refreshl Exxit |
N e ——— R
Al TSl E x
Substance Type Code : STleUggg Cancentration Code - [ nand
Substance Type Mame : I Concentration [g/m3]
Concentration [g/20 lters]
Nn‘ Substance Type Code | Substance Type Name
1 STv00001 Agllcultura\part\gla NulCUncsnllaliDnCUdel Concentration [g/m3] | Concentration [g/20 Liters) :I
2 STv00oonz Standard test particle 2 [EE]
3 STv00003 Chemical particle 3 Coon3 250 5
4 Cooo4 500 i}
g Coo0s 750 15
g Coooe 1000 20
7 Cooo? 1250 25
g Cooog 1500 0 j
-

jnsElll Delelel dealel Beheshl

Ezit |

[ Dandzses I [ CEFS [ HOW [

IN%

[ Chulalongkorn University

519 3.23 wrhllsunsudmiuiunngudeyaresnimeses
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3.3.4 meseANTeeiudedt e naAILAN

3.3.4.1 @8Ny “Tools” 1A@n “Device /O Card” AMNTWIABNAAD U

o

nssetesdtyyinulnednedeangdin 3.17 Taanadenai “Status” @aLnAAndsngazss

[

|
G 1

unlszanpresagudogiuuulilsunsuuansssgiin 3.24

[ 20L- Dust Explosibility Tester -1of x|
Files | Tools Test Result Exit

TeslD  System Setting » | Test Mame Dutlet Vakve Delag (d) . 40 ms lgnition Delay (tv]: 50 ms

Chulalongkorn University

[ . L X

r Select Device

14 Department

Device Mo, : Select Device |

Device Mame : I

— Properties Setting :

Ignritiion Transformer Connect to Terminal Mo,

15

Solenaid ¥ alue Connect to Teminal Mo,

W acuum Purp Connaect to Terminal Mo

Epevice Status.._ |
Pressure Transducer Connect to Teminal Mo

 Select Device

i

Scan Time [q s

Device Mo, 0
Advance | Device Name |DUD SAPCITFI0L 1/0=000H Verd}

F T | ~ Properties Setting
Ignitiion Transfomer Connect to Terminal Mo, © |45—
Salenoid ¥ alue Connect to Terminal Mo |47—
W acuum Pump Connaect to Teminal Mo, © |45—
Fressure Transducer Connect to Terminal Mo, : I?,a—
Sean Time : I‘\— mS

Advance |

[ 0404i2645 [ 00:46:43 [ CAPS [ NLIK, f s }ehuigo;ngkern University

51U 3.24 wihlsunsndmsunivunRutnissetesdeynnidnuazatuau

3.3.42  wansesniaulasuAiunusrestasdty oy liiaaniuy “Tools”
\@an “Device /O Card” annuuiaan “Properties” udaldAA1uni1e 90 9dny oy 1o
flaass ol WHaEaNaedtyauans naLu “Select Device” taLaaN§uaag A/D Card (17 14

Aa PCI1711)

3.3:5 N1

ey “Test” 14rn “Series” AaANIIAaasdnduasusmaaniues 1 uay
5 o v s o a 4 d U o
ﬁmmimmmummwmmmmﬂmm@ﬂmummw “Concentration ﬂmﬂqu Operating

tugoyryiniaaziinanundidecazdsngiudauanaldlugli 3.25 audearaaududm

1
oAl g

¥ o K ” v [ dl dl % o O 1 “
FAAIN1T UUNNANTAY “Vacuum Pressure (Pd) LLmrme‘mmmaumwmmm vacuum
o . 4 N v o o N =«
pump ﬁmmqmmmu LN@L?NW@@@\?H@‘]J‘N Start LATANNAAALATAHIUNNTL AL A1a9
Y o

LazaATUILIHARNANALNANA Y Asuanslugii 3.26 TuazinnimageuwnLLAA

1 v 1 v
ADULANUTNNAZIADUALULA AT N IIAINTTUNN AN A ULANFANNNIN AL



201 Dust Explosibility Tester =l |
Files Tools Test Result Exit
Test Code : CL25480127134911 Test Mame : Test Mo.1 Outlet ¥ alve Delay (td): 40 ms |gnition Delay (tv]: 50 ms

ﬁ% Chulalongkorn University

W Chemical Engineering Department

x

Sub Test Code + [ST28430404005605
Series: [4 -
Concentration: [coopt 12 g/20fker =
WVacuum Pressure [Pd): [g7

Wperating

O Igriiion T ransfomer _‘
i () Solenoid ¥ aluz rd

I . W acuurn Purmp @ - Stop
II
- | %

[ okmemses | oossa I Tarz [ JWUW & . W5 0 % [Chulslongkom Unersty . v
- = =

ﬂﬁ 3.25 ﬁuﬁiﬂ?LLﬂﬁ‘N@’]Mﬁ‘Uﬂﬂﬁ‘V}ﬂ’&‘ﬂll‘ﬂmvﬂﬂﬂﬁﬂﬂﬁ’ﬂ’ﬂﬂ@’]ﬂﬂﬂ\‘i@m‘vmﬂ

0L Dust Explosibility Tester y d ~=1ol x|
Fies Tools Test Resul Exit = — —
Test Code CUZR480203154706  Test Mame : After diving no.1tv=]5 - Outlet glaw (td): 40 ms lanition Delay tv): 15 ms

@ § Chulalongkorn University
=

Chemical ‘Engineeritig De partmernt
™ T

M
J Sub Test Code. : [5T25480404022522
- Sefies : =
f asimed®n ginica Lgad—litcr EP d
"‘#!d standard tester Concentration : CON02 | 25 g/20 lter |i
W acuum Pressure [Pd) - lggi
v V. Sy Sl
. lgnitiion Transfarmer E
4
' O Solenoid V alue ]J
O Y acuum Pump _'J

[ DaneEses [ nz2aze [ CaPS [ HOW [ TNE [ Ehulslongkorn Liniversity “

P~ ¥ o o a a o
Eﬂ‘VI 3.26 ninldsunsuduiunigm ﬂ@ﬂﬂﬂm:ﬂ‘ﬂ“ﬁuquLLﬂzLﬂ ANITITLL ﬂm@ﬁ')@@‘@klﬂ’]ﬂ
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lunstinazngaiin1amagauaInisanaL “Stop” 1 szuuAzmgAN91in9I
un waziaiinnissziinresaynianialuiesqasziinuaziadadunimaaeenails

“Save” NBUAAINIINANNAWILILIAIAINNIINARSY AI3LN 3.27

[ 201- Dust Explosibility Tester =[]
Files Tools Test Result Exic

Test Code Test Name : Outlet Valve Delag td]: 40 mz lanition Delag [te]: 20 ms

M craph =181 |

i~ Test Detail

250

Test Code: IEU2547122D14H13

TestMame : [Werfy optimum igrition delay time [tv]
200 No 0002

Time-Delay of Dutletvalve id) : |4D
Ignition Delay Time (i) |20

150

Haolding Time of Cutlet Valkve |1D
100

Total Operating Time : |2DU
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Pressure, psi
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~ N ™ <t o (o) M~ (o0] (o)) ©) 3 N ™ <t o (o] N~ [ee] »
Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25471220094818
TEST NAME Blank
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200

TEST TEMPERATURE (C)

30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE

ST25471220094835

TEST SERIES

1

TEST CONCENTRATE (g / 20 Liters)

10

VACUUM PRESSURE (bar)

0.6

EXPLOSION OVER PRESSURE (psi)

9.09

02-May-2005 4:10.30
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25471220105326
TEST NAME Verify optimum ignition delay time (tv) No 0001
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 10
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25471220110058
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 78.34

02-May-2005

4:14.37
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25471220141113
TEST NAME Verify optimum ignition delay time (tv) No 0002
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25471220141737
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 5
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 100.36
02-May-2005  4:15.18
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE Cu25471221110725
TEST NAME Verify optimum ignition delay time (tv) No 0003
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 30
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25471221111027
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 5
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 94.70

02-May-2005 4:156.50
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Time,

ms
PRESSURE vs TIME REPORT

TEST CODE CU25471222101045
TEST NAME Verify optimum ignition delay time (tv) No 0004
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 40

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25471222101130
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 91.90

02-May-2005 4:16.25
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25471222154721
TEST NAME Verify optimum ignition delay time (tv) No 0005
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 50
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25471222155055
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 5
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 63.04

02-May-2005 4:16.56
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Time,

ms
PRESSURE vs TIME REPORT

TEST CODE CU25471223140028
TEST NAME Verify optimum ignition delay time (tv) No 0006
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 60

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25471223141310
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 80.47

02-May-2005 4:17.27
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Time,
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PRESSURE vs TIME REPORT
TEST CODE CuU25480111084532
TEST NAME Verify optimum ignition delay time (tv) No 0007
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 10
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480111084808
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 83.52

02-May-2005

4:17.58
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25480111102442
TEST NAME Verify optimum ignition delay time (tv) No 0008
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480111102502
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 10
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 104.14
02-May-2005  4:18.31
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480111152934
TEST NAME Verify optimum ignition delay time (tv) No 0009
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 30
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE

ST25480111153012

TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 10
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 97.99

02-May-2005

4:19.04
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CuU25480112145623

TEST NAME Verify optimum ignition delay time (tv) No 0010

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 40

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Cornflour (Knorr)

TYPE OF PARTICLE Agricultural particle

SUBTEST CODE ST25480112145829

TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 96.34

02-May-2005  4:22.12
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CuU25480113163459

TEST NAME Verify optimum ignition delay time (tv) No 0011

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 50

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480113163555
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 69.56

02-May-2005

4:22.53
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CU25480114113707

TEST NAME Verify optimum ignition delay time (tv) No 0012

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 60

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480114114020
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 95.52

02-May-2005

4:23.24
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25480117092711
TEST NAME Verify optimum ignition delay time (tv) No 0013
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 10
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480117093046
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 86.98

02-May-2005

4:24.01
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480117153848
TEST NAME Verify optimum ignition delay time (tv) No 0014
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480117153934
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi)

111.19

02-May-2005

4:24.34
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25480118103305
TEST NAME Verify optimum ignition delay time (tv) No 0015
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 30
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480118103714
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 104.59

02-May-2005

4:25.06
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480118161052
TEST NAME Verify optimum ignition delay time (tv) No 0016
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 40
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480118161538
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 103.74

02-May-2005

4:25.34
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CuU25480119093031

TEST NAME Verify optimum ignition delay time (tv) No 0017

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 50

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480119093307
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 77.41

02-May-2005

4:26.05
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25480120110102
TEST NAME Verify optimum ignition delay time (tv) No 0018
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 60
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480120111541
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 100.55

02-May-2005

4:26.33
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480125104001
TEST NAME Effect of particle size Test No. 0001, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480125104029
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 100.36

02-May-2005 4:29.39
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480125144002
TEST NAME Effect of particle size Test No. 0002, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480125104154
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 10
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 104.14
02-May-2005  4:30.13
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480125103424
TEST NAME Effect of particle size Test No. 0003, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480125104730
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 108.26

02-May-2005 4:31.36
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480125104003
TEST NAME Effect of particle size Test No. 0004, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480125104635
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi)

111.19

02-May-2005

4:30.43
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480126101749
TEST NAME Effect of particle size Test No. 0005, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480126101036
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 116.64

02-May-2005

4:32.04
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480121103447
TEST NAME Effect of particle size Test No. 0006, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480121104031
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 95.89

02-May-2005

4:27.46
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480122111631
TEST NAME Effect of particle size Test No. 0007, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480122112034
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 92.24

02-May-2005

4:28.35
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480124112417
TEST NAME Effect of particle size Test No. 0008, 45 micron < dp < 75 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480124113044
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 25
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 84.46
02-May-2005  4:29.10



pa | EcH

100 100

90 /

80 A 80

60 o\ 60

50 \4 50

Pressure, psi
N
(@)
N
(]

|
30 l' N 30

| \
20 i 20

\

' \.
10 A \\ 10
0 / s 0

(@) (@) o (@] (@) o (@] (@) (@] (@] © (@) o (@] (@) (@) o (@) o o
~ N [ap} < O © N~ oo (o)) © % N (a0} < o © N~ e} (o))
Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CU25480127140854
TEST NAME Effect of particle size Test No. 0009, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480127141713
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 5
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 98.15

02-May-2005 4:33.09
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480128101211
TEST NAME Effect of particle size Test No. 0010, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480128101817
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 105.36

02-May-2005

4:34.59
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480128154324
TEST NAME Effect of particle size Test No. 0011, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480128155011
TEST SERIES 2
TEST CONCENTRATE (g / 20 Liters) 10
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 111.19
02-May-2005  4:36.12
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480131102132
TEST NAME Effect of particle size Test No. 0012, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480131102810
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 15
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 114.91
02-May-2005  4:37.13
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480131143827
TEST NAME Effect of particle size Test No. 0013, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480131144801
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 125.29

02-May-2005

4:37.44
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480201134751
TEST NAME Effect of particle size Test No. 0014, dp < 45 micron
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Cornflour (Knorr)
TYPE OF PARTICLE Agricultural particle
SUBTEST CODE ST25480201135505
TEST SERIES 1
TEST CONCENTRATE (g / 20 Liters) 20
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 104.68
02-May-2005  4:39.12
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Time,

ms
PRESSURE vs TIME REPORT

TEST CODE CU25480202102239

TEST NAME Effect of particle size Test No. 0015, dp < 45 micron
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480202103055
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 102.54

02-May-2005

4:40.23
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Time,

ms
PRESSURE vs TIME REPORT

TEST CODE CU25480202160917

TEST NAME Effect of particle size Test No. 0016, dp < 45 micron
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Cornflour (Knorr)

TYPE OF PARTICLE

Agricultural particle

SUBTEST CODE ST25480202162121
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 25

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 93.37

02-May-2005

4:42.28



Department of Chemical Engineering

—ﬁ Chulalongkorn University
pak | EcH
120 120
110 110
100 /*\ 100
90 / M 90
80 ] 80
2 70 70
|
5 60 \ 60
)
g [ |
£ 50 , 7t 50
40 | \o 40
| ~N
|
30 7 30
20 I’ W 20
/ \
10 > \ 10
/s \
0 — 0
(@) (@) o (@] (@) o (@] (@) (@] (@] © (@) o (@] (@) (@) o (@) o o
~ AN [4p) ~ o © N~ (0] (o)) o N (QV] ™ < o «© N~ [ee] (@]
Time,

ms
PRESSURE vs TIME REPORT

TEST CODE CU25480207104805

TEST NAME Compare with Lycopodium Standard Test No.0001
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480207105022
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 101.35

02-May-2005

4:44.21
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE Cu25480207132103
TEST NAME Compare with Lycopodium Standard Test No.0002
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480207132650
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 104.54

02-May-2005

4:45.00
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Time,
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PRESSURE vs TIME REPORT
TEST CODE CuU25480208115325
TEST NAME Compare with Lycopodium Standard Test No.0003
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480208115531
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 103.34

02-May-2005

4:45.28
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Time,
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PRESSURE vs TIME REPORT

TEST CODE CuU25480321114844

TEST NAME Compare with Lycopodium Standard Test No.0004

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480321115759
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 108.00

02-May-2005

4:52.28



Department of Chemical Engineering

—ﬁ Chulalongkorn University
pak | EcH
120 120
110 A 110
A
100 \\ 100
90 90
80 80
2 70 70
)
5 60 60
\
5 50 "*\ 50
\
40 i‘ \ 40
30 / A\ 30
/ \
20 r “\\ 20
10 - - i 10
0 / N 0
(@) (@) o (@] (@) o (@] (@) (@] (@] © (@) o (@] (@) (@) o (@) o o
~ AN [4p) ~ o © N~ (0] (o)) o N (QV] ™ < o «© N~ [ee] (@]
Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480321155626
TEST NAME Compare with Lycopodium Standard Test No.0005
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480321160243
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 110.92

02-May-2005

4:53.26
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CuU25480322102345

TEST NAME Compare with Lycopodium Standard Test No.0006

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi) 1

NAME OF TEST PARTICLE Lycopodium

TYPE OF PARTICLE

Standard test particle

SUBTEST CODE ST25480322103138
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 110.12

02-May-2005

4:53.62
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480210113301
TEST NAME Explosion indices of Nicotinic acid Test No.0001
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480210113441
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 25

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 72.09

02-May-2005

4:46.03
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Time,
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PRESSURE vs TIME REPORT

TEST CODE CU25480211101113

TEST NAME Explosion indices of Nicotinic acid Test No.0002
OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480211101510
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 90.04

02-May-2005

4:46.33
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CuU25480211131847
TEST NAME Explosion indices of Nicotinic acid Test No.0003
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30
TEST PRESSURE (psi) 1
NAME OF TEST PARTICLE Nicotinic acid
TYPE OF PARTICLE Chemical particle
SUBTEST CODE ST25480211132141
TEST SERIES 2
TEST CONCENTRATE (g / 20 Liters) 5
VACUUM PRESSURE (bar) 0.6
EXPLOSION OVER PRESSURE (psi) 91.90

02-May-2005 4:47.05
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Time,
ms
PRESSURE vs TIME REPORT

TEST CODE CU25480212105938
TEST NAME Explosion indices of Nicotinic acid Test No.0004
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480212110430
TEST SERIES 3

TEST CONCENTRATE (g / 20 Liters) 5

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 94.70

02-May-2005

4:47.31
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Time,
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PRESSURE vs TIME REPORT

TEST CODE CU25480214103757

TEST NAME Explosion indices of Nicotinic acid Test No.0005

OUTLET DELAY (ms) 40

IGNITION DELAY (ms) 20

OUTLET HOLD (ms) 10

TOTAL TIME (ms) 200

TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480214104841
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 104.14

02-May-2005

4:47.57
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480214160413
TEST NAME Explosion indices of Nicotinic acid Test No.0006
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480214161231
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 102.54

02-May-2005

4:48.23
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480215104722
TEST NAME Explosion indices of Nicotinic acid Test No.0007
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480215110332
TEST SERIES 3

TEST CONCENTRATE (g / 20 Liters) 10

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 105.35

02-May-2005

4:48.51
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Time,
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PRESSURE vs TIME REPORT

TEST CODE CU25480216102925
TEST NAME Explosion indices of Nicotinic acid Test No.0008
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480216103223
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 96.43

02-May-2005

4:49.16
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Time,
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PRESSURE vs TIME REPORT
TEST CODE CU25480217141004
TEST NAME Explosion indices of Nicotinic acid Test No.0009
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480217141228
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 100.87

02-May-2005

4:49.42
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480218105842
TEST NAME Explosion indices of Nicotinic acid Test No.0010
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480218110938
TEST SERIES 3

TEST CONCENTRATE (g / 20 Liters) 15

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 99.18

02-May-2005

4:50.10
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Time,
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PRESSURE vs TIME REPORT
TEST CODE CU25480218154045
TEST NAME Explosion indices of Nicotinic acid Test No.0011
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480218154842
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 90.97

02-May-2005

4:50.36
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TEST CODE CU25480219110553
TEST NAME Explosion indices of Nicotinic acid Test No.0012
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480219111205
TEST SERIES 2

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 89.24

02-May-2005

4:51.01
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Time,
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PRESSURE vs TIME REPORT
TEST CODE CU25480221095134
TEST NAME Explosion indices of Nicotinic acid Test No.0013
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480221100332
TEST SERIES 3

TEST CONCENTRATE (g / 20 Liters) 20

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 92.97

02-May-2005

4:51.33
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Time,
ms
PRESSURE vs TIME REPORT
TEST CODE CU25480221144538
TEST NAME Explosion indices of Nicotinic acid Test No.0014
OUTLET DELAY (ms) 40
IGNITION DELAY (ms) 20
OUTLET HOLD (ms) 10
TOTAL TIME (ms) 200
TEST TEMPERATURE (C) 30

TEST PRESSURE (psi)

1

NAME OF TEST PARTICLE

Nicotinic acid

TYPE OF PARTICLE

Chemical particle

SUBTEST CODE ST25480221145908
TEST SERIES 1

TEST CONCENTRATE (g / 20 Liters) 25

VACUUM PRESSURE (bar) 0.6

EXPLOSION OVER PRESSURE (psi) 79.03

02-May-2005

4:51.59
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AMANUIN A

nsArTuIALilsina lnalNaANNaTRIIUIAEYNAREAY P Was (dP/dt)

max

wuflsdinatwaniauniseuuisigamgil 50°C wuan 24 49lus indnaunnsas

PELNINNIRTFIU (Testing sieve)

Aperture Sieve Sieve+Dust

size weight weight % Weight

[pum] [o] [9]

180 404.65 404.68 0.03
150 323.89 324.02 0.13
75 317.15 317.81 0.66
45 315.84 383.20 67.36
Pan 334.64 366.46 31.82

100

antAn NN Insgzesutiinang

45 um < dp1 < 75 um

dp2 < 45 pm

Characteristics of cornstarch

Medium diameter (um)

Moisture (weight)

Minimum ignition energy (J)
Minimum ignition temperature (K)
Lower explosible limit (g/ms)
Maximum pressure (10° Pa)

Dust explosion index K (105 Pa m/s)

15

3.5 (dried)
0.005

673

~40

9.4

217
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ArANAUAINNTszilnradlalain Lﬁﬂumummgm ASTM E1226

Concentrations
5 250 500 750 1000 1250
(g/m”)
P, | dpat | P, | dPiat | P, | dPt | P, | dPdt | P, | dP/at
Explosion data
(bar) (bar/s) (bar) (bar/s) (bar) (bar/s) (bar) (bar/s) (bar) (bar/s)
Series 1 6.9 242 8.1 300 7.8 340 7.4 389 7.2 341
Series 2 7.3 281 7.8 342 8.2 369 7.6 346 7.0 324
J
Series 3 7.1 266 8.0 323 7.9 355 7.5 377 6.9 359
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