Gl g S g pgh- oale 4 i

VWA bl 5 ke o Jsl o leds s Jlo " ‘
Oln! @yl poal

Jowo abawg 4 Sy wlidlo jo (631 ol Hlxl o aladh (g S Ll (g5l oo
W oSy (S ]

kk %
Sl ity ¢ cumidigen § (o UKL ¢ g yoho St 5 oKl
QNI s Gpdy QNN ool 02T dl s AT NN F el o)

9 stlae Oy T J‘wf‘)éﬁ Olbes g aleds SLid oy Al olpan LS 4 (55 ) i o
S5 S 058 o Ol aleds g 0 cilizo Slel b lo Sy g G gl po Ol dleds Ll o
5> oy ! (il o o el Ll 088 o dyaid GLid i8] g aled Gy P el Smaleds

5 e oxb (SuShym JU doles Gig) 59 ol Wlie pl 5o e (KT S Saps dolne
ol oolaiw] icanl ol L,/ Sy olido yo (6 ol i jo aled b S denlxo sl 45 SCOPE3
& ypi 40 GG ) il sila e Ul Vb slaSEad] ik 538,500 b 4 SCOPE3 Ly, ool
Jlado SCOPE3 4 aleds b SuSy> Jail dbleo oS ,i jl Jol> soue mls o, ool ) .cail)ls [, oL

A oo i 55 jlaes Sy uldo 0 (6 pl el silidins 10 ) T by Hloj 5 (5)LaS diio

S5 oobido SCOPE3 Jow ey o S o oS 5 Joo (55 ol jlxail 6 3lgauds

doddo
30 el (il oo dlox il LB olge b dag e aslio jo alaxde LB gloasay S5 wbide jo 55l lxall
Pl s sddiciar Dljgen gesl 3 pliebsl jo (58 4l jlxail 51 LG sleslas ) g woler oo yian (olio 4sS ()
i Sl B laosls aliwlie (55 ulde 0 658 ol il alejl slaanza (05l Js 4 sl Sl
Silodecds ;5 (CFD) Slowle o¥lw Sealins 00,5 copl b LY s ows jo smay ol 51 (b slaslas
ol Gal8 0 55, & 55, «Dlie Joel Lk s o5 56 bl oLl 6l w38 Rl il goue

Jon )0 @lge yea> o 4ol dad HLal s 5o sasie mlge dg2g coalioln] Ol s sl Jelge 5l (SO
5 alat s (i, 00 e el S oyl d5disn o o] cay 3 laels S alnd Blis 53 andolnl ol
SrSold 5o dlse Sl sy 5 S5 A bl siloaned aie) )0 Sl Slidlle (55T Wisd oo ol o al38
5 dled gl (Susl 0 glse B gy 2 emn 9 aalllae plizmes (Jl nl b VYol @il oo alas
oilesl YL anie o 4 oI5 wlide jo dlivs (pl cwyp ol plxil by iz gawais o ol g S olis
53 die) (nl o 4858 50 Slalllas flivs o) (ol 5 Sl olen (il Slacudgaze b wlido (nl )3 5 2l
L s oSyt b Gllllas 5,5 oliie 5 5 il il omnl s & oJlo ol b IV-Flocd s il
Yo alez 5l ilise Y 4 Slalllae ol @l [l 185 & j00 0nsy nl (555 2 055U Sliis (slaeg S
Dvleat sns jasie sqame &g a4 golaiil

(mehdi.timaji @gmail.com :_Jey] ) o )| Wbl IS *
(kiumars @modares.ac.ir : Joosl) clolsee oo o8 —oliwl **



Golle &yes.S 5 (lod (s34

[A] g yo 53 ol e (359w & 55 dlons S0 i ;5 635l Jloniil g3late 5o slil EMSEe 51 (S
@zl adSose Slillhe Blhe ool @85 90 syl Giledse 5 CFD o bs) glsil 5 559,
S 250 Jold |y (plagy, Jol s 05 i (S alwd 90 4 plgiee |y oyl CFD (g3lu]oe slahy,
Jae Dol lp 025 alyd 5l Vgora o Fy5 Giliie jo Slslme ool ojlail 39S Jdo & dagl 5o
5500 atwd ildtws opl 5l gleaiges [V e MENEWT L g [4] AutoReaGas (sl lsla 5 [V - Alogs oo oolann] 3l 2!
ool Cawddy S5 ebdie b slaisles] 5l Jols s 4l p o] o soliiwl 0,50 (Blx>! Jow a5 col olo kg,
soboles ileg 8 cpl jo oo sanatws sla by, akex 5 [VY]'SCOPE Juw b g NVIFLACS l38le 5 YY) V] el
5o 48,50 ot glaJas 4 barye Dbz o5 5 Gubide ;0 Glalel plnil Gogpanie Jdo 4wl e ot &5
hie 13 638 il 55l doe 5o el b T ogd sw piiie Mol b 5 0ad piiie sgamme jhins &g 4 by, ol
Ll 51055 1 (2YL Sl Cuesl Gl (55 £ 5 Al Sz ceslie Joe SRS 5

SCOPE Joe el oy &l,l 5,5 wlidie jo fisle;] ol Juloo 5l solaiwl b aS 0,26 slaJow 5l (S
Sl PV L oyl vy oussasl) Jow [V Y]ows a8l Bgal 5 pinS dawss 129 Jloo 5o ,bodsl slp Jow ol e
LAY Jle 5o Bsebo 5 oS Lawgs susasl)] Joe [¥]0 0,5 YO m' ol & jhaes sloabiizs o 515 lxal
Joe oMol 5 il Sg3le 550 5o el 2531 b o] 5l Gy i 2ol SCOPE2 ab L g o] (A5ls sla Joe 3gute
3leslawl b Jaw oyl Divlos GLEYAAY o o (ol ooy oolau! Jl 3l yol> dlis yo a5) SCOPE3  Jow (Sl o]
5 So DY el oot 2ol &lge 3l slacgome b ol yon 55 olal b JUIS o bl Yooy b aKaglesl slaosls
b9y sl G5l ol Ggp il g shden slealiie o sl giledas QUG (Joe nl ©g8 B iete
Silodoe & Uiy onl 5l ooliiul eSS e dcwle alad ogaiad] 55 LI, aled xlaw JIK> SCOPE3
b JE> Jlsl Aol b (g, ol cnS 5 b pols o 5o ol ot sgaze V1Y 0l 2 lae slailaie
5 ol s ol oud plosl Slewbre SVl Sealus os, 4 jhaes alaime 09,8 655 pl il g5l Jowe caless
Sl Jow b aslie ,0 1) SCOPE3 yo5 Jow g aleds o JE> Jinl dloles oS 5 Jow Uly baogjluarcs
a3 e ol 5 Gl 53 6318 il (s3lo s o VY1017 g aleds o IS

Slalllas ¢y 4255 b el alad (6,5 OLL 50 Ble 2 oy 2 58 Rl il aalllae ;0 o (sla e 51 K00 (S
ey 5o L ERgh yiien 35503 oS5 el 13 G5 Rl Jlmdil (Giluaned po jlews Gla Sz Jd 4 a8 50 50
Lol ol 0352 5,2 A (g lwosle g cenlis slaJae b 5 35350 slaJoe ol b coslis S slaJore 4l
ol 4T S50 S e 3 G5l il o wle (B a0 syier slagiegh (2Rl Slalas 5
Ol 3l o iy Sypo VAIVAAY Jlo o (il Kan 5 52055,1 s S50 Galedie 53 ,bislsl (sl 5L ) 50 518 lonis]
by b byle Sy 50 90 0 lagialejl ol s plowl VAl il S g o5l bawsgs 555 Galidie o plaiale]
olesl (e 4 S &lge 555 slal Jds a4 (LSea 5 gl Glesl yo il adpdy Sjse (SLe 4l
S R sl [Y -] 2K g (g 55 Yo ) o Jlos o el o odmlioe it o b (slalad o 23] Son 5 535
23,5 ialagT 1)« /Fx /ExY M sl 4 onye adaiie i U oailse j3a 4o F/AF/EXY M ool & et SELT o

1. Shell Code for Overpressure Prediction in gas Explosion
ol 00iS 226 FLACS jl38la 5y ouls aid 3 \5ay 8l s>l Jow 2ol a5 (Sledlbl awy 40 VAAA Lo 51 Jle olgie 44 Y
S bl 58 s a5 Wlgloadosl 658 slo Jow (Phenomenological models) ol jlayay b (Zonal models) (glailais gla Jow Y
15 @8ly 45 08 s maedi ook (clbduain 3l (glHegazms 4 olSigVl aile ez gtz daJos ol 45 58 o L | el sy
Dl g0 438,515 18 suliosl O jgo dy dwais g odis o (a8ly i (gilwosls oyl
4. Weller

g



WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

Geb ol lid Sl F5 0 alse g dhaie 29,5 ojlail > IS S cwyp 4 0 Slalae jo L]
 oabadss 8 gyl 5 alas o G 5 e Sl ik Jelse il Cons il a8 ] Sl
Sl s &g el ane 5o (Sl goue aalllae i by Fote &5 jsboles (Jl nl by 8 g il
ooleie ;o el (S OLl )0 wile A g & SRk (rl 50 gy Gl el 485 D j50 I 5 hide jo 6515
3aded jee alasd o wuald (g)lad Dl pass 4 0ed e cddline codeliiwody gl 4 az g b cesl culs aSl y S5
2 el o0 g @lge (9, 3 Al jgae Slasd s plyz | G g 59 glite ean 4 aaS e 2 &l 5,
g ilwands jo 4, Sy (oo g, dine) 1o (5 paite gmdys ol 5l G g oad alslo gy (Sl S¥oles Lo @ laml aslsl

Sl ooy aiS sy (gilwand 5l ol b o 4y ool yly Y olee (bl 53 e ool 00l o0ls

Ol ol §ilw]oe
Joe Jlw bz 2 oSl (Soged S¥olee 5l ool b cVlaw bz lrossay [Soo aiile o515 ol jlmiil ongny
olaa 5 53 A5 oz Jl S¥les S JSte alfins o 5l ool b STy o ol 53 355 e
L ogd oo w85 by lawgio RANS (gloas (B9, j0 O¥olee cpnl 5l 0pdy oo Ojg0 aisS oy oS Jladl
oSl SYolee oSiws Loles b Wil ,S Jaw aiejls a5 wigd oo yolls Jogome laceS c¥olee opl 5l (65 lawgin
S, 3 ol U] 3, GBS S e 395 g0 ol S Lagin | 5 o glaalezr i pen S (S 29 iy
atwd jl Jowe ol sl sals Jowe ko€ oyl 5 05 sadzdol (Kuasl Jow 5l eolaiwl b julsn, slo s & )le ol>
kg Loyl 5 0¥ Jow o el o)lsns 3l 58,5 a5 0 ba b, s cpl 5,b adseie [V V]l il jadsn; slaJow
Sy sy ooliinl asle pab (Sas5 5 I (55,1 5 T8 iz 5551 ol (sl e o iy
el oo &, [VV] g [A] worlo o 3, cnl 090 5o yiien

a8lol Ly O¥olas dodisS olasd 4y (55,5l 9 AlSG p > DYolrs dcgesme 4y (ST JLM, ol ke o
S Jadl a0 SYolre oKiws S o 4 5ls daaisS gli aolas ;o aie Ojlie dcwlie (gl cpl g ogdle 09l o
Uil S¥slee ol Hasadlol ames el by sl o ot s 4 w0lfiws ol > Cwwd 3 (ODE)
30,8 (6 ks it 5, ol 5l el SaaSTgy by 4 cad STy b o Slawbre pll loy Kot
Jedos 5l edely agilwosls cpl 51 (S Wlesgs o] 4 by e Slawlxe loy (ialS 5 (Blisl O¥oles (g3lwosle
aoa ol s Slgies o ol o IYV ]l alas s 392536 el cn) (2800 el * - g5
w23 A5 n &5 (S Slrko 3 STy 5 85 (5 b 5 08,8 anids 25Ty 4 5 SV pas dnonins 25Ty 4l
JRIERORLIN 9 le a5 39dice 55 w3y nl 3 IV ]ogi e suel cdoddd 03, lae g5 o0l 2 oS>
ol o Iyvlast S5, el ales cwlbs 5l laals 5 Jsb wlie a5 sas oo 7y olKin jol (pl 0.5 o )13 Suas]
o cal 5 2wl s S Dppo 1 Sz e Sloogas Do 5 I S ala s 51,35 Ll
S olgee rlyd nl 005 (B AS (o0 bz o jl ) Aigud g diBgw Sl 5 (ol Sjge 4 | aAled Gl
13,5 (2R ) Syge ]y STy g 00,5 Ao S S

Reactant — Product

1. Vorticity

2. Mumentum

3. Ordinary Diferrential Equation
4. Stiff

5. Bray-Moss-Libby (BML)

oY



Golle &yes.S 5 (lod (s34

Glhe nlply s csts | oz oS (55 pgerme 5 SYgame 5 laosias 2iSTly (Sealusge s loogas
i35 Slge 53 5 ) e 435 Slge ;3 45 35 iy 5 (5o Blpiien < e ot 2 b g b pe sy el
Cdyig yeine JUl doles (ol line 51 T remd 6eSlagie b oZygonl po il azils yao b Jolee (g lake
Cd s yuiie JWES) dolas ol 00 03 541 [v#] & o 5o dobee oyl O30 59lCawdds 0975 dal dalgs Cavoas ) owiSTly
y8isn Ol 5 Syge 4 (0) 25l

d .~ oPib) 9 ( v ab )| -

§< b)+%:§(p§EJ+w M)

S 5 e YU Wolas o 55wl 2Ty i e (sl (Suas] Sl e Se, YU alolas o
b e cosle e &y (Sozn nl Cenliy SYolas iy jolatets (@« Shoors 23Sy £5 s5lede cgsse
SaroS slaulie 3 LMl 5 2513 25 mle 95290 (Kily 5 il s ysbotr Ygons o5 (ol S &5
ST ek (8 5l oslanal L 1y Sloends (2555 5 Ol oSy gl Olise 2 oSl @3, 4 425 b [Vl
oS Sy ge 4d)S Jlaiys S ell sladlads 5l Glegazme Oyso 4 il iy alads ol] clonld 5555 50 08 Jow
3 Sdarld o axly G231y 25 Jawgie o Jols &g 4y (2STy £ 5 dawgie (655 (nl 5o loads pez oo LS
Syge 4 i(E) e ghaw (FaSy 5551 5l ookl b g al [V s ol po aoly  alet o Lawgie
Dyv-10lsss o ole 2)
Z):,BMSLE|Vb_| ™)

doles Sy o 5L 5 009 ool (g Syl K Wlgi oo Jote o2l el B gl Joe oKy 1) Lol alies >
5 it Sl Genlin gy Sl (1S Ty &5 as e Comle JIs 4wt ol Sty o5 jebolen 5s8 Juol> Jli
pas ool olron )l Slogtlly b S5 Gelidie 10 655 Rl il sileae 5o alae Gl ol Gl 5le Joe
ol ol 038 o Wl ossy Gl s3lodve (Saazme 50 (st GBS ool 50 3l il gla el b Ll
aolrs oS 5 b el 0uls o Allas ol jo il 09250 slo o ol 09 b g (om0 sbo S jlal sae Jdo @
Sl SHn lde )3 636 Rl il giludae lp (o055 (Joe SCOPE3 Juo b alad mhaws (SuuSg,2 55516 JUi!
50 oslul 850 928 Jow ol ool &I VAAY Jlo jo Js hawg alad mhaw SouSe,e o5 Jlsl doles 09l
Jve ciomS 53 Joe o sl 00 0, IS SmsS ubiie o alEislegT slaools b Joe ol [Pl WIS Jow JJs alsles
S ooy 3 pl il g5ldas sl VJ“’ S50 s s 5 Sl Lawgs a5 SCOPE3 Joo b ol (s,
ol oo dll am i5u 50 oS 5 Joe 4 bg e SYslee el 00l 551> el 0l &3l

OS5 Jde sl el Al mlan SauSg,m 16556 ol Jow S &Ll pdy waSTy b sl il Jas jo Lol alins
$lp Jolw O¥olas 1 S65665 sla IS ol ouls &l)) Jlal dlolas g (5 dolas (ol Jlade wlul 5 ola by, &

1. Mass fraction weighted

2. Fast chemistry

3. Ensemble averaging

4. Reaction progress variable
5. Laminar flamelet

ol T lisly 4o alads o gl 4 alad o Cos S5l (Flame wrinkling factor) aled plaw (SouSg,2 9256 #
7. Shell

OA



WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

(% dolie) Jg JUl aobes 51 pol> I 50 wd ola 5ot 45 jebolen iload &l Ciliee SYls )0 aled mlaw JK>
DYV 0l 095 0 solitul alads mhaw SaSs, 03,5 Jow sl

VE=GEZ-R(E-1)+(0, -0,)Z )

0=
+ug.

o

C.’a...uf}o C&Cﬂj (MY) aleds C_Em 6‘4&]4.;@ CA.CJ..» aQ w‘s w; C)J OMOULHJ u...v).'da \073 Oy Jolao u.s‘ 5o

G olypo ilaSiss )y wlbidio jo (Siasl Plores! g odgs &5 Sl YU doles 10 R(E-1) § GE 5 50 aiiwd (1) alais

z,, -1
G=R— %)
Eeg
028 E,
R=—"+— 4 )
Ty By 1

ghe (o5 (S92, piie (nl o) alad mhan SS9,z j956 Plredl 5 adsi 5,0 0l 2 L

ool el LT aleds 4y axad] aled oo Cons b ply aled maw Jobs (SuuSs,m 59551 09 o odumel (o) alads
o s g ety Bob enlply ool Alad s (S5 7 5 alne o 025 lagae i ol 8
HUB alaly ) eolitul b jusite cpl ¢ Jg bawgs sadasl)) Jow jo [VFls S aule oyms slaig, 5l eslitwl b 1) e
a8l b lig] o conlio YU Snas] slag 5 j0 a8 Log, VY] il Sen 5 Sl oladllas gillas 098 o doloe
e B> Jow cpl o aus S ks 15 1) YL Suasl slag 5« SCOPE3 lailie Jow 5l oidu a5 o Joe

O by a5 Joe 0gh oo d..u.ul.?bo(E:q H)YL3 sjien; 0 dad e JB> jlade g 5l alads

L) ombs (B

DY st oass @l 155 & 90 0 wil guate 5o aKiule;] slaosls g oS 1351, g0 o0l
4 , M
=) ) +(E,) } @)
L H

DY]ogs o anlone (VA94) LW alal, 51 (B ) Sl Gl ol ;0 alad (< JS

eq

ks
-

1+0.62, |~ Re )

u

eq =

VY]l By 5 galsS Slej e T 5039 B T9edsS wliia ;o jalsns, sae Reg =u'/\fery o] o a8

/ U
- £ A
TK —g ( )

:[\Y]é}{bsn dwle 3 alal) Jawgs SCOPE3 Jow o (E:q Y ) Soasl YL glacsas jo alad (mbaw S

g:, =1.60(KaxMa) /3 @)

05 o s 55 90 4 [TE] 5 Kan 5 086 Joe Lansgs oasedl) abayl, 3abs (Ka) " 52,550, 15 sute alobaa ol 4o a5

Ka=0.157[u—]Rer_0'5 ()
SL

ool oas &I [VE] g o 50 polie () dlons o9 .

ol plyT ety @ ] alads Ca o S b (Beq) alnds ghans Jolss (SS9 ,2 5551 o9 s jelaie ¥

i oobihe 5 3 SzsS @ ol @) p] Gl oy lie S D50 & g 00d i SzS sl 5 sl Karlovitz) yyssl S sas ¥
Sgdise Ol () By S 5alsS Gloj ubiie (imy atadl > lase

AR



Golle &yes.S 5 (lod (s34

2

5 Sanl FusS 5 e, o el IS5 eliie o jalsn, sae Re, = 2K (10) Wolea o

Loabes e bl 5 Lo,S oasolyl #5 ,3b sae ol ol oad ools flis Ma) " opliaS e soe awg bjgm
(Ivel o Yol Jiw olsie 4) 6yl 2KislesT cldlas (5L ams oo plis | o ages slael o alads alan &l s
el 2Bislejl sloosls 5 o3l plias Lo sas dcwle slool, 5 (Sl a8 pdy &g pliaS le dae sl )0
a5 pleaS )b sae SCOPE3 g, 50 a0ty il alKislejl sloosls p a5l dYY] g po 5o (Sl olgie 4
S5t Sond Gl slaosgaza o [YAD sk alRislejl slaosls 5 a8 (5 Wolas) & aiye (slalozaiz alwg
139 o0 duwlne cewl 00l (53l 5
Ma=a, ¢’ +..+a,p+a, = poly (@.a,) Ay
S5 bole 65)lpp Comd 03500 ) 4> g b 3 @y polie el bglie (6552 Cons [Sla @ (V) Aol o
GV 03907 calpd b ply @y polie bl o 5l i (5)len s o5 ype 5o [VANMsh e s S 050
580 03wl 1 Jgaz by e3gamme ul o 1Syl 1S (65 )len slacns )3 (e e ) oo

(V] Pretbar s Tt K 8, failinsl a5 59 19/ 539 bogloio (S ylo 3y 00 b3l (slalazaiz <y -V Jgu

as as ay as a; a ap GolpR s 0dguxa
e LAY -YY¥/# AR -YANY AN Y/vYa A< <<V
gE AR AR AR -YANY S AMA Y/vYa YO < <\I¥

o (g 3lwanid
2 6B R el gileans 5 SCOPE3 oy25 (hsy 5 g JUT aloles (oS 5 (b, (oo bl ol dllis o
Ol poead ad )T S awaie el ouls qw,yp FM Global ¢S 15 j0 a8 58,50 Giubesl g5lwJoe b S5 wlas
@l [Ve] a0 50 50 48,58 00 slacs pSojluil uls .l oad ools lis o lsm b Sygo 4 ) JSE 5o daiales]
Slos ol OF M' Comloe & S5 _n e 5,5 L FEXFEXY M ) S8 awais slal Y] 2z e @illas ol on
ailass 518 ()Y S pllae a5 s FexFeom olal 4 IS o e adate e b g (69g0e (sloolgss Silslge @
Lol byl 595 0 dugd el 0ol aas SEBI S 50 a5 0639)9 Se 5l Gl Bl oy ahewy 4 adg) Lslsee
5ol T s oz MKl Aoy a1 55l e S50 (e 5 SISy BT pla 43 08 Sy 3l solic
238 axly b plp Jol bolies (65 s S 45 il o0 aaldl (aln B g p B2)5 0980

by jo a8 (0,5 slabe 348 > SO 5l eslatul L FM Global oS 8 0 a8 5800 Giulesl jo islel anl 3
90 4 bl i Gl (g5l Joe goae (g, 10 Goilel anld g5l Jon .cwl 48,5 & g0 wial sais sols 3 U
455 b hyy (nl 5o wyon sho )l patiie Gloj D)o STy S8 piny esite (ol g, 59 05 on S Al
2 rsatie play Sae )3 g (et ol b STy S8ty pite aled gl s ) 255 el] g S
A cod a4 63 sl (e 4 alad (T OLD Wl ) e jho ) 5l gl e a8 S LNy 4B o5 sl b

0 Je ol 5l Seste 9y ol 3l el dily (5a8 2 g5 @ e yite ol @ly 5o el aily o oy e 5 ou aid S

1. Turbulent stretch
2. Markstein number

Ll ).0..0 L' )4‘1.3 l}ﬁ/ubjf ‘155.1.790 uJLo.uoj )Lo PR ).:éLo.o » cd...uw)‘).l 6‘41"””“6 oo Y
4. Cirrus mass spectrometer



WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

S0 gy el aled diid 0D F e Al 0 348 > 4 bgy e Sledbl wieils by e (g3l o
w8 8 as aled adol aten 0B, 0l (s, ol 5o el A g Glaml 15,5 JLaLs ¢ 48, anl il 0,8 il e
oue o 0 A gilwand Cal aid, (54 aled 6,0kl onuay (gileae 0 00,0l jeb 4y by, (pl g sed
aled slos g b=+/0 5,5 b slasb Gy 5l eolitel b YY] B Y- ] aolie @ollas 35T ol g 009 Hlaive Hol>

. . P . _ .o o A s © . o - -a A - )
S guw )| O (D pan Jxe cbb—‘/a B3 ‘(b) (.}“"Slﬁ S iy s Ly d)Ua.a ] S pdy Sygo ¢ 940 2
ol 25T anlsl gz L5 350 (65,5 el 9 ST a4l o

}[ 0.37m O —
0.75m |¢«—>0.75 m B

£
0.75 my 2
-
0.75m le»{0.4 x 0.4 m
] i
037 m v
1 T 0T T
[ 4.6 m »|

O 20 &l90 63053158 K0 3 axlllan 550 duwiid 51 () [Y+] (guums 95y guai 5 () amsams glod ) S

a8y Oygeo [\“Y’]rﬁpwl S58le 5 5o "XiLargeScaleFoam Al 4 casz Mol Sl G alewy 4 (goue (g5l
Ded so J= [v+] "PISO o3l 5l eolaiwl b ond 6 S agie )Ju\)p5|).i sl OYolee oKiws (Sl ol jo o]
ook ) osliiul b ety Sl (g lestinn Canl @y Sy sl sl adye zob 5l eslinal b Sy (gjludinS
"TVD Glag b asgome 5l a5 d¥F]7 s b 5l ool b 5,500 JISul gl pitie .l 00 aloxil (655 50 Jolis
3 olgen (g5 33 9 Jol a e 5l o Swgal (o055 )3 TVD (sla by, oo wilen ((odgw by, lond diwn e
oS dguzme I ooliinl b Fimly 4 4 SYL ad e 51 35 (hg, (nl 9 pies o (655 e JolE) SVL slaas e
ol 0 0018 eeogi [YF] g 1o j0 (g, cpl Ol 05 oo plonil g oo Jloel Jai 8550 Il siie (59, 45 condd

32 0) STy wdying e o (T) Lo JSul o ysiie (sl yao (L31)S (550 by 5l oslanal L londil (g5l Joe
3 Ao GLolS i byd g beojlnnd 59, 50 (85 poe 50 Lpb Sl 5 Sy 0505 o0 JSU o lns (595 9 (79
lr (olilt (500 byl 5 (2gy5 )3 el Jho LolS g9 o jlns yo JLad (650 bpd o poe o (29>
be (39,0 4 g 0dd (6550 gl L2 (295 S b 0t 0,95 p Elgel (5500 Ly g9 cnl o Canl 00l ool jLas
ol 0 03,51 [Y0] g 10 40 3,50 ol )0 i Sld i Wgb cod LuSaie

1. Adiabatic flame temperature

el 00 08551 [A] g yo y3 Sl cpl 3550 50 yiin Sldym sl ous POlol lige Lawgs XiFoam K> al » Sl> cpl ¥
3. OpenFOAM
4. Pressure Implicit with Splitting of Operators

5. Sweby
6.Total Variation Diminishing

4



Golle &yes.S 5 (lod (s34

ooy el a8 F & jg0 4l lojle gamaSis l eolazul b Y JSE jo eads ooy lis awass SS}L*’M
g sk I JSite GaaSed ool sl WWYPPY - aliis (ol (s00aSicd o a5, 50y Slonbna (sla sk
(a4 gade o (Siwly pas cwypm Sz G PO, g Jy (6naSild 9o el TXEXTCmM olal U plitis
G Lid i odgame ;o sdwlCawods (g lid i (Slwloee aSl (0,S el e g S, b ool oals ol
RO PN ¥ I

b Lo g Lad 5l al Syge w98l 0ksn S yeseS gl bglie Jlxiil giloand 5o o)1 Gijge ey
byl ol ot a3, by /Y m/s boply Vo] ao e Gillas bole cpl a1 (35w caeypw jlade el o
ol calys oo (2,8 (VF) 5 (1Y) OVolee gillae oo 5l Slhalezaiz &0 4 5 bl |5 ST 5 055 obe)S
Ll 00l Ao ’.\;J)SL..J 09 ool b 50 JoSge i) .l oal ools (LS ¥ Jgu jo by slalesais

c:
?p=a1+a2T +aTl*+aTl’ +aT" QAD!
H =q+2r + S Gy Sspey e O
RT 2 3 4 5 T

S T 5 0315 (s2lo S ond 5 dnmslno 10 [¥5] 22 yo (Spoliy90,5 Johocr (slo03ld 51 ounishlyt ldacr aicy oy =Y Jpuir

ags as ay as a, a; e o900
“YOV-/AY | =¥V -Y eV F -4/Aq4ve-\ - \INSAFFe-# Y/FV¥Faae-¥ YIfvPas YeooVeo STy
-\7-8/00 | -0/#FFOYe-10 V/--YYVae-)\ - -#IOYFAYe-Y V/Ab-Yoe-Y YIYA-£4 FoveNeon [EYNVER
SVYCASIY | SVIVYRAYe- Y V/YYale-q -Y/-A-Yae-Y #lo-Y#fe-¥ YIfasy YoooYeo )
AR ERAVASE RN RV R R TA /- Fa9Ae-1 -0/AFYAYe-Y V/YaFAYe-Y \ARY4 [ERREAREE e

ooylop &,08 L D poiy Eo 3 glaamgs oaijloy boasll, V-

)‘ S LS‘“M )‘ oolazul lJ LE)L\"\-M*"

09y 5O el A8 38y O g Y@a.g,; sla g, 5l eolawl b las gy .ol ool ploxil oSl aladl> YGB 4 Y/TGHz
S5 plel .[Y‘Y‘]o}&@ o ((XYZ) 00l (Byre Sy w4 Flabue Sy aw ;0 Slawlre o pond (sla 0
5o a8 IXEXFem olul 4 S oo sl Jokw b aidl lojle guuaSils 5l 6800 b (oS 5 gy 50 (lwdnds

Sle m3Y fley cel B0 0905 el oo Jol |y Slawlore Jolo VYYFFY e £o0xe

4 3lee FM Global ¢S, Slidss 55 e laws 55 ol jloasl Giolej] )0 sadg mSoslail jlad ol s ¥ JS o

5o ,lad &l sy aigy el ool ool lid ol (glw Jae 4o sddidiwlie Glid Ol s Jlogeld b ol e P Lid S

I s dga> (o (g lad Aty lade aes o plad 1y Jle g glas Ay SO G@li&.ilﬁ)'—‘ b wiles so0e g5l o
Syl Sl en alBisle;l mli b aS ol ool cawsay 2aSTy 5T 51

Slwbre 10 copr Hlomn (s adgl Sllasd jo alais ol)] Lassl g5le Joe I S FEX NGV S p oldlas gilae

ool ade lagl ogd oo Jlad Ol W9,y 50 Jlews sl Crge onuay (pl (53 Foauol lin! Cldllas 3 0iS o Ll

s adl wllasd o om0 sl by, 5l eolawl b aleds mlaw Jolss oS> 150 abacwlown i 1) oay

1. Sutherland's law
2. Hierarchical

Y



WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

ke ol g, 50 wwszy (al b iad BB jeres atadl g ell aled o ol (o jadgi; e ookl b el
oS adgl Sllamd o conl ol 09 o gazmas o Uil dobre I oslial b e pyz Lbe, jl sdel Cewody SusSe,z Sl
llasd jo Jlas polie (Jlo onl b sl alad 1) conlin (ot 40 08 by, onl 0gdoe piiie pl)] &jg0 4 alads

el o oy sl o s ol o el ol o Uns | ylizas 4

0.03

0.0Z5

o2

0.015

0.01

(bar) jLis &l yusi Wig,

0.005

oL 0.2 0.3 04 o3 [E- 0.7 0B

-0.005

) olej

==~ SCOPE3 5 5 oS 5 o9y 42§99 Sl il —— AIKdlojl slaools

198/ 5l 5 yiagaS syl bgloe Lol 51 ol 3L &l yanis TV] 2 0 S e3T i 5308 ol dumsllin ¥ IS
aliioes b 31 (53T 9

oolel adgl o8 5, Yzl +/+0 s 38 o led ain lade g adgl Sllasd (o saddiwle [Lid yog i

aais oo g b=+/0 jlaie L glaxb (5,8 b (o3lel sl ceasasl)] g5lo e ;0w Hlo St a5 jeblen .l
DSy 8 pinn e g Lo polie jo odp i gud 4 al g 4l 51,05 0 (B8 pl Bllae .ol 0al Joe 9,50 o
Oy ydion el o6, lbl bl 3ais b giloJow ol 5o caband 8 ks (sl as o ls Jlast (oplpls o ls 3924
5O g oo pdide el g0 as alad ¢ iaSTy adgl llasd )0 ¢ puiomen ol oo adgl Sllasd o (6,Lid aicius jlade
oS Ol 0 LYV Logs ooy (6)lubl Jo a0 Lo calads Jlgon mhaw g 009 o5 by e (Saad] sl ol
A.;j) B @Ua} .)l.?u‘ g0 0)5(56 ).’a.' o WT SHge A ‘) iy a5 kSlM )| 6)50).e‘) 9 U”‘ )‘ QBMLSA )‘}Q.QL'
w4 axg bcwl ool ools lid milae (g9, 5l el jeue 5o g L8 slaley jo e maw ,eulS Y S (o

YU oles LolF L aS oog oo STy § O¥gaxe obe (S5 maw aled (Clowdd oo3)) aleds jlal p S
Lol oads dale oo Lol 3 Jloy deo [auls jo aled mhaw 6 g 0,5 jain lp o, ol 51 sl ol o
Ll 00l asrine iz slagle) jo alad o lgie 4y < /0 glos Lol,S Jlo g Jlade b e st ol 5l oolal
S9y 5 Aad jeee ley 40 (pgo g Jgl s lid slaaccins) Jlid SLST molidl ¥ JSs 50 ool Casots mlis 4 axg5 b
Ol 31 Sl @S nl Wlosms; w0 @ @lge 5l 508 5l Gy aled g g Slland (nl 10 5385 Syg0 & w0 E s

Y



Golle &yes.S 5 (lod (s34

Sl 4 aleds mhaws 1S

i b 400 500 600 700 200 900 1000 1100 1200 1300 1400 T 400 500 600 700 E00 900 1000 1100 1200 1300 1400

V= o (o <Y 0s= ol (A

T: 400 500 600 700 200 900 1000 1100 1200 1300 1400 T: 400 500 600 700 200 900 1000 1100 1200 1300 1400

< 10s= o (o If0s= )b (7
Aliiox Lung 5 BET b 54 g il 5lab) 3950 63 Uit 3 41 (5l o3l oy (6131 & Alad s yg58l5 - S
Joas 50 a5 jebiylen [V Jows Uas 5l g le 50 GalosT b 5l sads wSoslasl polie wad ol s 5 ogdle
slas ool 08,5 s b /oYY B /Y0 o Giolesl Goyb 5l sai g mSoslail Lad aiiin polie Dol g0 odnlin Y
Lyls o Gl Jl o ales 5l Galises LYo @ Wil co aBislosl slaools 1o sains puSojlasl (o,)lid aiiin 10 34290

il ialesl )0 Sezee atsl

[ 1198/ ¢yls9 32 <S5 yiogas giusl bgloo Hlonil (g 5Lk aiplions Oyt (A0 3T b -Y Jgur

Y oibes! Y oinles! Y Gimles! Siley!
A oYY AN () anpeiny JLzd

S 4 oads oIl (6,Led anci opimmen IV loans LSS Tids ) S slaalesT ,o (35T aild ol bt oSl adyl Layl o5 -
kS)L‘“S Adion u..;La)T S r:l?u| L u.a\).lL.u 9 FUsRty ).1‘ c»\..ud)jo)|~.&4| 6)1....3 Adion )|..\.5.4 » .Ia.l‘).u L)"‘ o wls 6}5%""“ u‘,.A.e )

D9dge S xS oilul oz

3



WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

I 50 ol el dgpiin 15 coger (5,8 aliin (iulesl G,k 5l eais pSejlasl jlad il s 3y, 4 azgs b

39 po ()L Aliiog alidonyd e sad sddlin (goue (gilwJae jledel Cewsas bl jo (g lad aiy plaS
odiiaiS g slajl5 caleds pmhaw bludl S STy £9,00 bl S ym il 28 Soauob JI 5 Vel goas =l
L0, oo S50 aladons 5l 95w 4y (glodis ais g 18 uL’)’ w0y ol S50 Ked go 0ol o aled &S > bl o
F oo & alad o5 (ol ol walys JSis alaioms 5l 950 50 65825 638 Al g 4 bgliain S 0ol Gl
ka8 VL el jlndil bl Jolo (g lid glgel ams oo &) 5 aaione Sl (g 50 )lnl il oe o) alaions
2 el Sy il Sl 1) alBisles] mls jo codednlie pgw dicin g ce (oplply Ogd co aaize 3o

Sl oo oamlice ol o Sgym jlail Sl eplply casl oals Jow V USKS alasone J5Is (sLad Laad coassasl )l gluas

=57 Sl gy 50 Al o (Jolai (SS9, )¢l Joo (o) 2

et mhaw Jolss (SosS5,2 56 anulre ;5 SCOPE3 (g () 3l oolaial (o055 (bg) e sloSins 5l
IS5 pl 5385 balan ol oo acslie Jy Ul dolas b oS5 g, Lt Sl s, ¥ S5 s ol (B, )
b arlie ;3 SCOPES 5 Jy Jlisl olae oS 5 g ool b oialona (pgo ainis) e At 055 oo ol
Aslan g, 53 L8 St g, (gl 4l eyl Slisd 5 onl 395 bl Jlo 550 (6 5Vl < 51y Jlis! e
el 4B pdy Sypo iz 4l 90 )0 (g 99 (nl dalie 5 cnl hical (2S5 ) 5l S Sl Sy Ji!

0.03

0.025

0.02
-
-
3
1 0.015
bl
- 001
™
=
2

0.005

-0.005

(5) sles

= =SCOPE3 , J, Jusil salsles ooSsd Bay == o JUzil galsles (bay, = alfisloil pialic

bglo yloniil 51 ol ;L &1yl anaslono 55 Jg JUl allon b (oS 3 (Bl Ghgy (509 s ylogad dumglia ~F S
aliioes bawg 31 (53ET 9 55 (wlidio 50 198/ (3l g 1 SO yogas gin!

25 Dyzo IS alal sleslinul b (F7, ) aled plaws Jolas (S.55,2 45556 Jaie )y Lawgs oazadl)| 3, 4
DY ogs oo dlone

E;, =1+0.62 [~ Rey O
SL

0



Golle &yes.S 5 (lod (s34

S hwgie o5 ) oslitul b et mhaw Jobs (SaSgy> 551 SCOPE3 3 Jy (oS5 (s, 5o Ul

Sty onl o dliee casoas ((VF alal)) ol 5 (VO abal)) YU slajalen, (o alad mhaw SouSg,> ;5556 polie
VY] ogt o 18,8 JLaiys o5 aolee 5l ealizal b YL slo Saas]

&, ~1.60(KaxMa) /3 00)

ool 48,5 lasys i le g 5ugl,lS dw o e 90wy ol Gyge 4 YU sl Siasl ).».sl.s (V) doleo o
i e @adl Gy lage Sloy ol 23S sS 4 (T ) plT Gl (Sloj Gl Cuas 32agl IS 00e 2
238 Sygo onl p il (LB By FaalsS Jloj uliie (( SiaST e SRl A1 5 aiS e Olo (T ) By S galsS
30 Saad] (FantS S e I S58T lhe el b e ol b 5, ol S e (I SRl lS
ol 5 58b sae ol Ly Jts a5 jsbles .l sl sols lis (Ma) (LS jle sae alowg 4 (V0) doles
58,5 ko b il Ko g Sl amo e i 1y ol g slasel o aleds mhaw Olnss b aled (Ao bl LS
oSy ool yo Gulesl Yoo ddl slaosls b lil a8 )5 Jas o 55 1, YU sla SKias] )....L' wae g0 pl oo ol
owal ‘)J? JGil dolas o, 50 YU aloles 5l eolaiul pae a5 0g, oo JUail oy ol 51038 )5 0,0 IS 1) dobee (ol ol o
e 705 VL laalsis, 5 Joles (T 55516 05 Eely Jan ol 3 Wl (slo SHABT 1 55,55 s
Ng,y (S8 cnl yo e phles epar ¥ USS jo g Uil alslas ) 5l Jolo (5)La8 Ol pnss 939, 50 4l (ul ogd
Pl opd,Soasol gl co ounlie a5 b jlen loal ool lid oS5 g, g ,J? JGsl doles g, 4o lid &l o
el 00y (6 )Lad g (o St feS el g JUal dolae hg, 50 Y slo Suasl

5 las slxl el Wil oo alads mhaw FouaS 385 s o alads pl)] Lacsl Jdo a4 o 2STy 5] llaxd jo
S i 3y JU Aslas 5] ol s Aalin gl 55 oy () o35 alah s FS3 95518 Apmlone
S dels mlo ;o om0 mls b codaculxe jlad S| el o osalice ¥ S 0 a5 jebjlen .ol Ll o554
Oliee 0950 piite oyl &jg0 oy aleds a5 agl Sl po ol oS (oS 5 (B9, b Al o )y Jlinil alsbes (2,
Wlyioe alad el gl Sl ;o Yl sla Sa8T S 55,5 15,5 (alpliy Sl o o 55 ol s (Saa]
sl Jy JU olan b dulin ;5 (oo 5 gy 5 b Sl 4t 5 5 alnd e (sl i e i s e
Lol oS 5 g, 40 Alal mha Jolai FaS g ,> 9551 awle ;0 SCOPE3 g, 5l oolaiul Sl 5 sal oy

Al (S OLLD 50 (T 59 HI0g03 (om0 2
(WSS Gl 5o eal ot ools (lis wlge (53, 5l et Heee pla )3 by A ye 9 e Slod Sl ik B IS 50
iy b ool Lais BB (VL dindy) EYgame 5 bosias ,iiSTy m Yo les NS 4 drgi b aleds el
Sg oo oddlie 4l </FO 5 /YO slagley 5l o cud 4 ped g Jol g)lid anas S lad ol s logad
ol Al 8IS e (53, 5 ala 45 wns e &, ol (5,15 slaainey (ol b ol i e 9 45 golas
ool 5o ailonds ey 4l </F0 5 /YO lagle; jo (ped @oy) b,z Al ys 5 (ol o)) Lo jeuls & S o
el ooy osliinl 0l 2 Al ys Gialed )3 ln slagelie il e avalie s & da S

Min 5 Sl oy ol 1 5 358sm Jlael el Wi 455505 laflS & (s i slols Ll 51
LS ool oS5 1 35 a5 T ety 3 WS sl s, 5 ol ol 9 b 2565 oo JSCD Ala o
Ol S8 S ol (Gl Ay (S el ) LD JS )0 1005 oo JSOB alad e blie jo plaarls S
il s Ligldl s Sid andy Lol Lsle oad Sis slaatpmg s ol 0ds ools Lis laayls 5

55



VAN liasl e Js) oyl oomty Jlo e8] 5 Cadgus oty sode 4y i3

T T
1450.53 1450.53

1250 1250
1000 1000
750 750
500 500

298.7421 298.7427

Loo 10 900

vorticity Magnitude vortficity Magnitude
100 . o] o

80
£ J

=40

20

T
.

<1f0s = ole; <IY0s = ol

O 52 A 59 )10 903

g 31 03T b G yiogaS gl 5198/ (3931 (6315 2l kil )3 (pgd ) Gl 2 Amm 59 9 (gl o) Lod Hauils —0 S
"y

Al SeS wlidie ;o alad WSOl 10 eagy (pl ewyp 4 Yoo Jlo o JF] il Ken 5 J)l 6o
S8 oyl mls Bille Sl aled 6 SOl jo milge B cwyp A ey o lae 5l ool b lagl
s asly Ol 53 03Bl ol BB el & i ol e Gl saie glse (55, 3l alad ges b laals S
Gt 5o 225 ol sl Juds 4 sl anals 15 ol aled JLa] jee o a5 ol ol aled mhaw b ales
5 Ol Oldee Cusli crge igm £ GRIBlbioe RIB) S8 g £ AT )3 5 00,5 g il DM (wle
0 Odse dad (65SOld s B USE) Sute s b et 2o il (l 05800 o] ey 2al38)
el oo ool Las sawie wlge (55, 5l aled jgee b odyay ol LS5 b JSLs

Al o Cyol suiS

‘ 0Ly &y (38 PIgm ey i 581

alnd g SOl p @lge Wl Coto a5 b 593l —F JSCi

Y



Golle &yes.S 5 (lod (s34

Oz oS ys (555 85 D95 00 oadline 4l +/F0 5 +IVO slagle; 1o bz ity (Shi Jloged analie b
2 s sloals 5 lge cpl jl aled jee plBl 0 sl S5 sy oo oyl A Sog; aled 4 alge Sty o
oal38l b aied oo o (il a0 g alad mhaw GadedlS g, g Lals I pl g oo LSS o] o
S35 35 ol 3 wbiee Gl 5 Y game S5 oliee sigm 5 GRIPI L lgs GRIBI G £ aled o
@ alad gy Gloj 50 b GRIBI 55 by S e a0 g 4Bl il alad Blie w59 slajlS 2 oals)ls
GRIFl cage ol (nl 0gdoe JSiS il Cuty 50 6B slaab S (b GG Geg i s 4 csam glse
3 GO Blgo &5 (Jy0 ;0 Sebio iy Bl b duwlie )3 (Bigw £ Gl Bl amel j0 g alad mhaw (SosSy >
Q}MGA aleds u.»ﬁ;u_)l.uw 90 aleds C.b.w QMOM‘S“ n.\.wl.: asls S99 el )Lm.u‘ S

S 325 A
28,5 18 adllls glie alo cotn by FM Global abiiss o5 )31 ol ,5 658 il bl sy pobito 4y callin oyl 4o
S ool b 5 aleds HLactl by O e 190/ (ylg p SO iogaS gl boglie jo (55 pl jlordil (28,5 Jlai o b (g5lwancds
St 890 & (bt (plad Jae SCOPE3 by, g g alad mhaw (SauSg,2 o518 JUisl dolas (oo 5 Joe
5 alml lge 310 n 9o 4 pedcnl liBle 5 sleslaal L

(b aiiin i i > SCOPE3 )25 Jow 5 Js JUnl aolee oS 5 Jubo 5w e i ol IS b
@S ;o &5 jeboles S e Joo FE8s Oy JUS! dolas oo 4 S S ol 3 35 Rl bl o
0 ot @95 ke S0 L) )la8 i 4 e, (o) g jlde oS (Bl o ol casline (g5l e
Yotz osuay (nl ol (25 5 (09, 5 5383 05 (Kbl o ;o ¢y Jl Jowe ;o jlad Slpss g axndl oS
GRS a0 by 54 5, ol 5l el SCOPE3 Jus jo ol > lawe Vb (sla Suadl (28,8 Jlasys Lo 4
9 ol Sgeg Wilgi o SCOPE3 s 5l ol gl caleds zrhaos 5055, 5556 atile (¢ lono

Sgagp el ax 1 alai; soe @ axg b anan] aled 4 S g adgl Slasd o pl)] alads jlacs! (5,8 51 eolaiwl
doles 3l oolil b Lol [V Tog so ity a8 lizmes aleds [liail oy Sl ol b 05 o (6,Li8 diniion dpuslons
55 s el oo e )lid anndion anslne )0 i ogdle SCOPE3 (g, b ()] S 53 5 alady (b S8z Ui
lple b or Gl Sl plonil loj calady (o Jl dolas > s 4 (b (ol b s (cm iy 295 )l
el (65978 Dlaslone plonl oy (Rl Sliwl) )5 aie Gl 5oyt asllla

&S A oled A (pwyn S hie b Bl Jlriil po alad 65Ol o wlge G rigres Allie (il 5o
Ol (Sl Gl e sl ol Wisdgo (oism £ 8Vl Sl alad o (i jena b glse il oanlie
w290 5035 Joo Sute 3 m b 65 g5ke wiile wlB (nl 09d oe alad o (SaSg 2 Gl At o (L
PSS Gl S5l cnl wasie @lge 09z Dygo 50 ediee by (Fadl Gl oT @ 4y Ghjee 5 ol
Dgdse lad G5 S OLL coge g oad 1SS

& yo

1. R.S. Cant, W. N. Dawes and A. M. Savill, “Advanced CFD and Modeling of Accidental Explosions,” Annual Review of
Fluid Mechanics, 36, 2004, pp. 97-119.

2. C.J. Lea and H. S. Ledin, “A Review of the State of Art in Gas Explosion Modeling,” Health and Safety Laboratory
Report, HSL/2002/02, 2002.

FA



11.

12.

14.

15.

17.

18

19.

20.

21.
22.

23.

24.

25.

26.

217.

28.
29.

30.

31.

WAV Gl 5 ke o Jol oyled ooy Jlo (3l 2ol g S gm (tmg% — cole @005

R. Hall, A. R. Masri, P. Yaroshchyk and S. S. Ibrahim, “Effects of Position and Frequency of Obstacles on Turbulent
Premixed Propagating Flames,” Combustion and Flame, 156, 2009, pp. 439-446.

V. Di Sarli, A. Di Benedetto, G. Russo, S. Jarvis, E. J. Long and G. K. Hargrave, “Large Eddy Simulation and PIV
Measurements of Unsteady Premixed Flames Accelerated by Obstacles,” Flow, Turbulence and Combustion, 83, 2009,
pp. 227-250.

C. T. Johansen and G. Ciccarelli, “Visualization of the Unburned Gas Flow Field Ahead of an Accelerating Flame in an
Bstroucted Square Channel,” Combustion and Flame, 156, 2009, pp. 405-416.

D. J. Park, Y. S. Lee and A. R. Green, “Experiments on the Effects of Multiple Obstacles in Vented Explosion
Chambers,” Journal of Hazardous Materials, 153, 2008, pp. 340-350.

D. J. Park, A. R. Green, Y. S. Lee and Y. C. Chen, “Experimental Studies on Interactions between a Freely Propagating
Flame and Single Obstacles in a Rectangular Confinement,” Combustion and Flame, 150, 2007, pp. 27-39.

M. Timaji, “A Study on the Effect of Obstacle Arrangment on Acceleration of Flame in Vapor Cloud Explosion,” MSc.
Thesis, Faculty of Engineering, Tarbiat modares university, Iran, January 2012, (in Farsi).

M. Maremonti, G. Russo, E. Salzano and J. H. S. Lee, “Numerical Simulation of Turbulent Flame Acceleration,” 17th
International Colloquium on the Dynamics of Explosions and Reactive Systems, Heidelberg, Germany, July 1999.

. P. Birkby, R. S. Cant, A. M. Savill, “The Application of a Laminar Flamelet Model to Confined Explosion Hazards,”

Flow, Turbulence and Combustion, 63, 1999, pp. 361-377.

B. J. Arntzen, “Modelling of Turbulence and Combustion for Simulation of Gas Explosions in Complex Geometries”,
PhD Thesis, Faculty of Engineering Science & Technology, Norwegian University of Science and Technology, Norway,
May 1998.

J. S. Puttock, M. R. Yardley and T. M. Cresswell, “Prediction of Vapour Cloud Explosions using the SCOPE Model,”
Journal of Loss Prevention in the Process Industries, 13, 2000, pp. 419-431.

. A. Cates and B. Samuels, “A Simple Assessment Methodology for Vented Explosions,” Journal of Loss Prevention in

the Process Industries, 4, 1991, pp. 287-296.

J. S. Puttock, “Developments in the Congestion Assessment Method for the Prediction of Vapour-Cloud Explosions,”
Loss Prevention and Safety Promotion in the Process Industries, Proceedings of the 10th International Symposium,
Stockholm, Sweden, 2001, pp. 1107-1133.

H. G. Weller, C. J. Marooney and A. D. Gosman, “A New Spectral Method for Calculation of the Time-Varying Area of
a Laminar Flame in Homogeneous Turbulence,” Twenty-Third Symposium (International) on Combustion, The
Combustion Institute, Pittsburgh, 23, 1991, pp. 629-636.

. H. G. Weller, “The Development of a New Flame Area Combustion Model using Conditional Averaging,” Thermo-

Fluids Section Report, TF/9307, 1993.
G. Tabor and H. G. Weller, “Large Eddy Simulation of Premixed Turbulent Combustion using = Flame Surface
Wrinkling Model”, Flow, Turbulence and Combustion, 72, 2004, pp. 1-28.

. P. A. Urtiew, J. Brandeis, and W. J. Hogan, “Experimental Study of Flame Propagation in Semiconfined Geometries with

Obstacles,” Combustion Science and Technology, 30, 1983, pp. 105-119.

J. E. Elsworth, J. A. Eyre and F. D. Wayne, “Liquefied Gas Spillages in Partially Confined Spaces,” Institution of
Chemical Engineers, 400, 1984, pp. 26-31.

C. R. Bauwens, J. Chaffee and S. Dorofeev, “Effect of Ignition Location, Vent Size, and Obstacles on Vented Explosion
Overpressures in Propane-Air Mixtures,” Combustion Science and Technology, 182, 2010, pp. 1915-1932.

G. Heidarinejad, “An introduction to turbulence,” auther, 978-964-330-505-5, 2009, (in Farsi).

T. Poinsot and D. Veynante, Theoretical and Numerical Combustion, ond Edition, PA 19118 USA, R. T. Edwards, Inc.,
2005.

R. O. S. Prasad, R. N. Paul, Y. R. Sivathanu and J. P. Gore, “An Evaluation of Combined Flame Surface Density and
Mixture Fraction Models for Nonisenthalpic Premixed Turbulent Flames,” Combustion and Flame, 117, 1999, pp. 514-
528.

R. G. Abdel-Ghayed, K. J. Al-Khishali, and D. Bradley, “Turbulent Burning Velocities and Flame Straining in
Explosions,” Proceeding of the Royal Society of London, 391,1984, pp. 393-414.

L. K. Tzeng, M. A. Ismail and G. M. Faeth, “Laminar Burning Velocities and Markstein Numbers of Hydrocarbon/Air
Flames,” Combustion and Flame, 95, 1993, pp. 410-26.

X. J. Gu, M. Z. Haq, M. Lawes, and R. Woolley, “Laminar Burning Velocity and Markstein Lengths of Methane—Air
Mixtures,” Combustion and Flame, 121, 2000, pp. 41-58.

J. F. Driscoll, “Turbulent premixed combustion: Flamelet structure and its effect on turbulent burning velocities”,
Progress in Energy and Combustion Science, 34, 2008, pp. 91-134.

S. C. Taylor, “Burning Velocity and the influence of flame stretch”, PhD Thesis, University of Leeds, UK. 1991.

L. Phillips, “Shell FRED; Fire, Release, Explosion, Dispersion; Hazard Consequence Modelling Package”, Technical
Guide, Shell Research Ltd., 2007.

M. P. Kirkpatrick, S. W. Armfield, A. R. Masri and S. S. Ibrahim, “Large Eddy Simulation of a Propagating Turbulent
Premixed Flame,” Flow, Turbulence and Combustion, 70, 2003, pp. 1-19.

A. R. Masri, S. S. Ibrahim and B. J. Cadwallader, “Measurements and Large Eddy Simulation of Propagating Premixed
flames,” Experimental Thermal and Fluid Science, 30, 2006, pp. 687-702.

A



Golle &yes.S 5 (lod (s34

32. S. S. Ibrahim, S. R. Gubba, A. R. Masri and W. Malalasekera, “Calculations of Explosion Deflagrating Flames using a
Dynamic flame Surface Density Model,” Journal of Loss Prevention in the Process Industries, 22, 2009, pp. 258-264.

33. http://www.openfoam.org/docs/user/.

34. P. K. Sweby, “High Resolution Schemes Using Flux Limiters for Hyperbolic Conservation Laws,” SIAM Journal on
Numerical Analysis, 21, 1984, pp. 995-1011.

35. S. Parvar, “Nonreflecting Boundary Condition in Detonation Simulatoin,” MSc. Thesis, Faculty of Engineering, Tarbiat
modares university, Iran, January 2010, (in Farsi).

36. W. Malcolmand Jr. Chase, NIST-JANAF Thermochemical Tables, Fourth Edition, Journal of Physical and Chemical
Reference Data, Monograph 9, 1998.

37. S. B. Dorofeev, “Flame Acceleration and Explosion Safety Applications,” Proceedings of the Combustion Institute, 33,

2011, pp. 2161-2175.

English Abstract

Large Scale Flame Acceleration Modeling by a New Combined
Combustion Model

M. Timaji and K. Mazaheri
Department of Mechanical Engineering, Tarbiat Modares University
(Received: 2012.3.6, Received in revised form: 2012.10.4, Accepted: 2012.10.21)

In a vapor cloud explosion, flame propagation phenomenon and turbulence flow field occur simultaneously.
At the same time, the existence of obstacles in the flame propagation direction, leads to wrinkling of the flame
front. The mechanism of flame wrinkling phenomenon occurs due to the effect of the flame-vortex
interactions. Large scale vortices deform the flame front and increase its surface area. Increasing flame
surface area ends in an increase of burning velocity and intensification of pressure build-up. The major
challenge in modeling of large scale vapor cloud explosion is calculation of turbulent flame speed. In this
paper a combined model of Weller's wrinkling factor transport equation and SCOPE3 model was utilized to
calculate this parameter. The SCOPE3 model considers high intensity turbulence. Therefore,the combined
model is suitable for modeling of the vapor cloud explosion in presence of significant obstacles. Numerical
results also confirm the ability of this model to accurately predict pressure history.

Keywords: Vapor Cloud Explosion, Combined Model, Flame surface density, SCOPE3 Model, Large Scale



