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Introduction

Flaring is widely used in refinery, petrochemical
and chemical industries to eliminate undesirable
combustible gases by burning in an open flame
environment. The purpose of making flares is to
receive the unwanted gases sent by the industrial unit
and burn these gases in order to prevent them from
entering the environment. In the industry, there are
factors such as power cuts, changes in the input to
the units, utilization exceeding the design capacity.
From production units, improper maintenance and
repair, deviation from correct methods and operating
instructions, human errors, etc. are among the factors
that cause process changes and pressure increase in
tanks, towers and other industrial equipment Flaring
of accompanying gases is one of the methods that
is mostly done in technical dimensions in order to
increase the safety of equipment and prevent potential
risks such as explosions and other possible risks due
to the increase in pressure and the flaming of high-
pressure gases during crude oil extraction.

Many experimental and simulation studies have been
conducted on flares. Huang et al investigated the
stability and flame behavior of a propane combustion
jet in a laboratory manner and presented relations for
the movement path of combustion jets in a cross flow
[1]. Bourguignon and colleagues presented a method
to measure the combustion efficiency of the flame in
the cross flow [2]. Johnson et al., by conducting about
penetration flames in the path of fluid flow, showed

Accepted: June/18/2023

that wind flow and fuel energy content are directly
effective on combustion efficiency [3]. The results of
Kostiuk and Johnson's research showed that flares have
a high efficiency in still air and increasing the wind
speed causes a decrease in efficiency [4]. Castchiera
and Edgar, by CFD simulation, investigated the effect
of air and steam injection on the performance of flares
in a laboratory scale with a non-premixed flame [5].
Their results showed that the use of very high ratios
of steam to fuel and air to fuel causes a significant
decrease in flare combustion efficiency and unburnt
hydrocarbon production. According to the topics
raised in many sources, it can be concluded that the
research done on flares using CFD modeling is mostly
limited to lab-scale flares and little research has been
done on industrial flares, which can be Due to the wide
time span and the size of the flares, the high turbulence
of the flow, the complex kinetics and the significant
effect of the turbulence on the kinetics of combustion
reactions.

Materials and Methods
Modeling and Simulation
Conservation Equations

The mass conservation, momentum, energy and
species, can be expressed as:

Mass: V.o p )=0

Momentum:
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V.(pvV)=-VP +V.[,U(V17+V17T )} +pg +8
Energy:
V(0 H +P)+VY hj,)=-Vq)+S,

i=1

Species: V.(0wC, -D,VC,) =R,

Where, p represents mixture density, v~ is velocity
vector, H and hi are total enthalpy and enthalpy of
species, respectively. P is the static pressure and C,
stands for concentration of chemical species.

Results and Discussion

Fig. 1 shows the temperature profile (flame shape)
resulting from combustion in the LP flare in
operational conditions. As it is clear in the figure, due
to the relatively high discharge, the height of the flame
is more elongated and due to the effect of the wind
speed, the flame is slightly inclined in the direction of
the wind. Because the wind direction is from left to
right, the flame is drawn to the right. As seen in Fig.
1, the presence of high temperature in the center of
the flame has caused the speed to increase with the
decrease in density. Also, due to the injection of steam
from the nozzles designed in the center of the flare tip
and its very high speed in comparison with the speed
of the gases sent to the flare, it causes a vortex and the
combustion products are thrown to the top of the flare
tip at a very high speed.

Fig. 1 Temperature profile and flame height formed in LP flare.

The temperature profile (flame shape) at the tip of
the LP flare tip (the range of gas seal plates to the
perforated plate of the tip flare tip) in operational
conditions is shown in Fig. 2 As it is clear in Fig.
2, the formation of the vortex due to the high-speed
difference between the injected steam and the gas sent
to the flare creates a very complex hydrodynamics and
leads to some of the outside air being drawn into the
flare tip. This phenomenon has caused the flame to
form in the range of gas-seal to the perforated plate.
Therefore, the temperature of the body increases up to
800 K in some points of the perforated plate and gas-
seal (Fig. 2). The results of the simulation regarding
the return of the flame inside the flare tip are consistent
with the experimental observations (Fig. 3) in the

industrial unit. so that the inner body of the LP flare tip
undergoes thermal stress due to the flame being drawn
into the flare tip.
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Fig. 2 Temperature profile in the gas seal wind shield area
in LP flare.

Fig. 3 Experimental observations of industrial LP flare tip.

Conclusions

In this research, CFD simulation of gas refinery LP
flare was carried out on an industrial scale and in
operational conditions. In the performed simulations,
the effect of all related transfer phenomena including
(momentum transfer, heat, mass, radiation, turbulence
and chemical reactions) as well as environmental
conditions including steam injection to the combustion
area and wind speed have been considered. The results
ofthe CFD simulation including the temperature profile
(flame shape) and the velocity of the combustion gases
in the LP flare in operational conditions show that due
to the high temperature in the center of the flame and
the decrease in the density of the combustion gases,
also due to the injection steam is injected from the
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nozzles designed in the center of the flare tip and at
a very high speed of steam, the combustion products
are directed to the top of the flare tip at a very high
speed.The results of the developed computational
model show that the formation of the vortex due to the
difference in the high velocity of the injected steam
with the gas sent to the flare creates a very complex
hydrodynamics in the flare tip which leads to some
of the outside air being drawn into the flare tip. This
phenomenon causes a part of the flame to be formed in
the range of the gas seal to the perforated plate, which
ultimately leads to an increase in the temperature of
the flare tip body (800 K).The results of the simulation
regarding the return of the flame inside the flare tip are
consistent with the experimental observations in the
industrial unit. so that the internal body of the LP flare
tip undergoes thermal stress due to the flame being
drawn into the flare tip.

References

1. Huang, R. F., & Chang, J. M. (1994). The stability
and visualized flame and flow structures of a
combusting jet in cross flow, Combustion and

Flame, 98(3), 267-278, doi.org/10.1016/0010-
2180(94)90241-0.

Bourguignon, E., Johnson, M. R., & Kostiuk, L.
W. (1999). The use of a closed-loop wind tunnel
for measuring the combustion efficiency of flames
in a cross flow, Combustion and flame, 119(3),
319-334, doi.org/10.1016/S0010-2180(99)00068-
1.

Johnson, M. R., Wilson, D. J., & Kostiuk, L. W.
(2001). A fuel stripping mechanism for wake-
stabilized jet diffusion flames in crossflow,
Combustion Science and Technology, 169(1),
155-174, doi.org/10.1080/00102200108907844.
Singh, K. D., Gangadharan, P., Chen, D. H., Lou, H.
H., Li, X., & Richmond, P. (2014). Computational
fluid dynamics modeling of laboratory flames
and an industrial flare, Journal of the Air & Waste
Management Association, 64(11), 1328-1340,
doi.org/10.1080/10962247.2014.948229.
Castineira, D., & Edgar, T. F. (2006). CFD for
simulation of steam-assisted and air-assisted flare
combustion systems, Energy & fuels, 20(3), 1044-
1056.



- ot 2 &
VeFAYY azmio AFoY LT g o0 AT 0 los “UU’/ gy i [N
7

e ) § B il S dasin 3=IbT
L 36 ol oWl 48 yo Tl i Slom
CFD J—dow 5 colau!

LSBT 1m0 g0 95 2l 0015 Folo i ! il ol docn oy Cgding
OInl el i oo oty o siwd b sl drwgl g LiBgh s p G caSighs )

Olnl igbas o5z oyl 5B aotizme O 08 w18 pwdige 9y Y

VESYYIVA iy s VECY/YNY sl s

2SS

=il st (o slal o 5525 (3 leelaa W 5l (oSG (LP) [L28 o 5, LB CFD (glwaned ingiy ol )0
pos Geizmed (alad SaBoe 9 JS8) L8 (Sl sladatte o )5 ) Sl B oS (i gl sl S
b e JLasl gloossy (85 7185 50 L (Sloslrne Joos ool asd s plonl J L s 2oy alad o 00iS ey
Sl 4 ol jlanedy Bl axgi (ol sl STy 5 (Sadl (il oy oDl pyiage JLEDD
Al LB ady )0 9 Wl Slsal 55, Laie ;-8 s (A3 lo s 5 ,Ln G5 sla i Slbl s oulie
Jol> mals cul oot ooliul goas slallas 2ol gl plaie (Slwbre aSed 5108 s Sl 590 a5 (Slwlxe
sbayl8 ol ehale Jolyp dalad cmale 5 JS8) Co s g (malos Jmlgpy Jolod 4Bl dnngs (Slulons Jos
w=3lin Gl 5l Joole SV ame dlial e lile JLlgn ioen 5 00t 55 0l Lo e (o) 8 A J
Ol YL Sl o 5 5 L8 e 5550 o Lo iU 51 0l Lo 5 cdedr 45 ams oo (L CFD (g5lvaned @l
JS—is Seay 05 bge alo I JSAT i 45 00,5 e sloml 8 o ailes s (Slovamy jlas Soalus g0
odgame p> alal LSi5an joie a5 09 oo 00iS L8 s S oay Sl bl sls 5l (g laie L8 g adlas o anls 5
abo bLE 5l 55 50 08 oo sy sl Jdo el 4 00,5 o 18 o Sos ozl g dmine U a5 oo
Jsloas dla s o8y pgaz )0 gilwand il ol mol oS ge oy ilidl a3l Glsas Slsbs g o #lyg—n
4SS sbd aBlioe (e a0 (S Slaeliie L Gohaie p B o J SN o VY KL Lo (ilidl L s
29 Sl glegis Jlas ;b oo JSbaaa b ol o iS4 arg L (i asly 0 LP S s s sy

03,5 oo &1 gy ey B g Ao

A8 o LP L5 (5l | gauasiico (CFD (g )lwdad 1 50lS OlolS

) o Ol J gt
Behjaty@ripi.ir Sg Sl yw ol
(DOI:10.22078/pr.2023.5114.3269) : Jiezus awlis



Ol e Jlesl JoB slasls g oogn o lyls 18
e Lo ;805 wion ) Gl ala B & j5 oy
Al a8 51 L L]
b g baolagVl ;28T 0 5005 s ,55 0 Lo s
IS 55 055 g0 oolitl ;18 g5 o 5 (oo
Sl oo ools s Lo L8 g9 ol 51 Scole )

1o 4 %]
Eoo oyl o g oSS WS Jole Lo L5 -
55l 359 Slod el sl lpo Loy 5l S
8 ol e g e ool il LS fale S
Sl Sz55 sl Lo cpSae )L IS ay
8 eVsd adel S YL 5 (S e 5 a8

=

S =S (o
o=l 5o )l oSS bW | J—ole Lo L8 -

Ol Sen g Coxgy Cgdny

Ol (e gLl gl s ) b s
il 5l 90 glailaia o Sl g 095 o)
i o wjli_wo B, ‘_gol_u LgL,«:B 4_§L5:l>)o

ég_.w

Flare Tip

Steam
Nozzles

Gas Barrier

Flare Stack

Gas Collection
Header and
Transfer Line Purge
Gas
NN .

Water
Sear

knock-out
Drum —»

Drain

.

LV-RU
5 Olls o 45w s la mS0es La s
Stz b iy ool iV (s slool>
g_:‘)_;..e;u &)—’l J-)?_M)‘SA oolai__ul l_b)lf uwb}_w
Sg— 4 (2L Do p3 1) 518 5l gols )l poe
ool s, o olea oS o lay il
b3 oS ol 5 an Lagl Joas g 3ot B
Slea b Jols ;18 0 Gloal a S Jhg0 0 ol
AT IR VA IO RO INE S IRV Y SISO EPIIL ¥R
ST (68 3, 595 g o ST 60 )5 ol Lo
=il g o, Shae Lyl i v i deas Jws
slo,ls ool o yials ool )b Lyl S
LM sl ol gl o (=g J—ole S 5l i
J=ol8 3l cgz fga g 18 Jlw )l 58 JslS
)q} wl_w‘ L)_’|)" 05_4.0‘5& oolai )_1.9 “59—’ o
g i dga (L5 ca S LW | wle Ly , 18 g4
g9 o=l 1yl sumaas YS! Jole Lo L8 -

Pilot Bumers

} Steam

Line

rIgnition Device

amr Line

Gas Line

[F 5 0] Jbo sans bS] Jole b 6 25090 Sislods V JSib

1. Flare Tip



VFAVY amio AF-Y LT 5 0 Y 0,lacds ~J,QM}
’

= o=l oledly = |y Bl slagls (s 5 0
L] ol 5 ogmils 00s,S () el
o 50 (395 sloalai o)L junla ulejl ploxl
Slooe 5 0bs lo 2z a8 aels s Jl o>
e Gl el (53, Lokt i g (55,
aS asels las [N ] el g SguiwgS ol
Sialzdl g aals YL ylaail, (Sl glsa o Lol
ool 09d co 003l Bl el sl je Co
ol Gl el L Gl plesily caalllas o
2l 5 5B Jelo e i a8 ialS g 518
Jdoay s S LB slo b 5ikea 0l oo
Lol lp po (2o aad ool o Ce s SIS

Ayl g Bl=l ol ce

Iyl g o JLow Gmyp VY] el g | aals
Oy e s b 2l tlosl slalé o, Shae
Slole Saliyd) CFD (glwads 1) a5l
solai_wl a S ol s Lgsl mols ase S (Jb—w
g 5 Cg 4y )L 5w Y s sloce—ns )]
5 8 Gl gy 4 J B palS eel,
9 e tialS 09 B oo Al g i (0 )Sgyhee 0y
L b S o, Shee 6,550 aalllas o [VY] S0
=l 0 a0, oy 1y ol B sloce
ool 2Ty e Jolldh pnsilSe S 5l aalllas
s O 5158 sl y (maio L8 L8, 5 ass S
2l L oads sl (g3l gl el a0
9 b e g Gl (e Gl Sl
CFD 3l ool ol Ly —aro sla,ls osjly oLy
S50 (5 00 dsllas o ol gl sulS b wgs
ol Lag T aols [N cula s s 1, 8 )y
J=B 5t 5 wgie Ce s L ol (155 45 0l
2 Al g andls ; Besl pals o vz
Sl (hh9 g 8 alad 5l 5 SelisS sl (b e
L st 385 Lagl (sl molis ot oo

ol B ilesl m ol

1. Sweep
2. Purge

g5 lio

Pl 5l as plzren 1M Jsle (9o L5 -
o=y S Jsle mo 5l oy 18 ol
Sl 18 35 ol Sy oas ool ul L8 g5
5l oS T A el e layS
o=l el Sz L] (5950 dy () S
Sl 5 Wig—m o 099 Syt gy Slwla Lajls
pa—e D)l (oS ly— 4 sl S5 Gl
i pie Goizmed g b i culie (2 ib
R TN SN LIPRTSIE LR
ol Jldody g ;I8 alad aousiS g (5
Omizen 00, 5 aoe S 5 (el Ol bl
Lol 295 Lo ailgioe 18 10 2 3L 5l
e Sy Ohls cny laoe d iy
Jae SO posed pl8 ail acils o o 1) ool
Pl gl=et STy gilwand  Slly 4 e
il aals 1) o Soebusg jues - 5l ol
— = lmonuyy gy el b 0wy o
b 5 (Hllee slayally 3t 15 50 o
ol Ol b (2alS g 5, Shoe 95 domi )3
ladlas [0-V] sl asls o] e Ss g
oo plosl Lo jld o)L ,0 4035 0 (gousio ()20
Sygmo y0 a8 Sl ools s olallas ol .cul
ol amoys s S lin glalely 5 >0k
s oS wSl g0 A (g0 Sl
Ll 55l S 0 s o=l e vt oe o
(g Slmle gy a5 (o) gl 05y 4
05 slask (539 L g b (Sl )l b sl
G5 i Ol a0l il an s 552
L3, 5 ol A Sole 5 STe Db oo pials
Sgoe Sz ;0 4S5 ) g p (Bl cm al
s #E—talo] g0 el ol Loy
slote oS> e gl ) g, g 9o S
DS )l e blite Loy S s (SBlel g o
Sl 2Bialel (o9, ] 1S en 5 (5 K155 52
abline ooy o alad Gl lanily 6,50l
ey 151 gy ol 3l ooliial Uy Lyl ain,S ol



)4 Ol Sen g Coxgy Cgdny

it S oo A8 A0 ol el g o
9 e g oz S L 8 i S
00 exw Gios oyl 50 VY] ais bl g Lals
Gl ) 8 awase (gjlwans 5l oolaiwl L el
aodazy b oS ag VL plead) 4 o
i Olsicee Samsie gilio 3 it oy las osls
eg—asy 4l plosl Glidod a5 8 S 4o
Sgd0 yidiw CFD (g5 Jow 5l oolawl Ly Lo 18
Slids g oogm B islej] Lulde o ol ls 4
oS Sl ad s plodl (o Loyl (g9, (Sl
5 by ojla (SO Jdoa GlaS e ) el
oz Seiie—w (Ol ol (Suail e L ol
Sla Sty St oy (Stidl azg J6 50
il g ol s ails (Bl
=3l ol jo (6315 SVl S (LP) jLid oS
o O 8 s S (b)) e laiens
=B Sl gleaar bw o LSe35
» dole sles ajsi g ala b G eBoe 5 SIS
& bwdans CFD SaSS 5l oolai ol Ly 18 4 Sy
Glasbols Sladlas ay a g Ly a S ool o

los¥T (lie rmizman 0Bl o0 53l ST
00 ;55 slaailse ;35U izmen 5 15 5l 29>
JElod el (aiS ey pae g alad 5ll
2oy =l )3 CFD Jodod sl eslaal Ly, A8 s

B U RSt

Sl bily) 9 518 ;3 3l CFD (g5lu

(iSly slils o > o g5lw Jow g4, 4 lads
LE))—" 9 oS Jed o)‘L.\_E‘ o y— Jl_a.u‘ Ja_g‘s) p_..b.u A5
S )I" ) &.'. ~ )_lé i .
Ol 4 leS oo Ot pl adex ol
oS Cleay a S 5, S o il Lals ana 5] SIS

o 5o oy, ol

1. Eulerian Particle Flamelet Model

bogi 18l o2y Sz Sy 5 0L g Sl
3,9 CFD (63w Jow 5l oolaiwl L o), o Jlg¥
ol Joe gkee (Suasl Jaw N0 s 3 a sl
el o sslead adllae ol 55 3l s, Ll
T el oy slesls Ly (g5l Jae 5l ool
=56 wass alblwg 31V E] QLG g oSy s
2 A 1 S LIS & s, 3l
OhlS—e g Sow s S A5 (8l el
5 —xio , 18 CFD Jos S 3l esliiul Ly VY]
55 mmli A 5 9o S (il | (S iles]
bz Ll 518 oojl el LagyT Jas iou—w,
S COUWRNUEL S VW] E P F SIS ¢ By JUFIN W )
ey Bama L 6,500 aalllas o VAL S en
L olse an cogw g lom an Co g S 3G
=B =y p Oy9—0 |y L8 0, Slae CFD jl oolai |
z—ls Lo Ll gilawancs m ol awslin asols
i y—olie 4 S oo o s el il
Gl il 3l ylenl, 5 Ba> 005l (gl 00
s ol alalesl s an el s3b;
oly g (go0e Sjgmody ala b JSB o 0l
Lol ladios mols [1a] as ploil o)1 aa
= e =l Yl slace s o a STl LS
Ay led cabiny (59, dlad Sy Cleay 4 U
it S 536 (V] m) g Elo g, o0 YU
aslllas ) ;18 Sgsojlaer slos ae oy o ;- B s
Olyrets Lad (sLa gl oy L Gdiizna (ol oo S
ot Gl sladwain sl ales JSCs oo yles
ol o3 0929 Lo slailgiwl awain jo 4 S asols
Golez w0 sl waia ) saul ale s o b
5 8 et UK 1 ol g 3T S
ool wl Ly 0B 5 o3y oSV jo ) Los a8
gl aols JI, 8wy 0,60 CFD (g3Lwacs
abge Bl ol e s By oo i L
FSTas 50 s ool oo GalS alad gles iSTas
Al Joo 50 yedS e 9 8 0)l9 lws
A olsms oz 2B Sl il slonl eely



VFAVY amio AF-Y LT 5 0 Y 0,lacds “UU”’;
’

ey gl aS ol e JalS ool b Jas
Srabl els s JLaml gl 5 0950 e (Siail
Sl 5 995 (5l 5 S0 5 bagio L > Ly
JUiil il 55 Joce oyl 55 ol oo dpie S2a]
T 8l 650 5 () (i 655 sl
J= Oleyer &5 (8) axail (g5l SDleal
o a S Jame ol aSiul 0929 L g o0
sl S Jame 9 S5 o0l (silwand
Sl ¥ glosy Some (Hg Sl )95 (6 S
S b e Jome ol Sl oslaiul L b >
O Sas Joo il izmon 0l o Lo oo
59,18 Cmio an bgy e slap )b > el o uloe
il glaJow yle yo |y (a5 5 Canasg iy
= ataly g Juld o ot ! Jow ol o Llo

o
Dk _ 0 th |9k )
Pr Dt Ox, K'LH_GAJ@)CX}
16, +G, - pe-Y,,
Dk _ 0 ||, t |2k )
r Dt Ox, |:[#+ij6)(,}

+G, +G, - pe-Y,,
9 =i (5, Hlaie O 5 F lasly, b ael o
Lasl 5l oolaiwl L aS 048 oo ot (65,00 wlals
) oo gl > 4 by ye ajoS s Ols—Tise
12,5 dsle ;05 & jp0ts
u, =p,C, k?z *)
&5 sl sl -
= el b b ol S sl— 651 sl
S S

a%(pE)w.(J(pE +p))=V. )

[ke//VT =S+ (7 J)th
J

9 099 )_|§A u_a‘d.b u)‘)_> JLQ...:‘ u_ujw Kcﬁ' as

2

e, PV

IS oz o o IS 55 E=hm
ey S5l oy gl e Sl e

b &l JLal 5 VT, aS el 53

g’ alio

J= gl ol (S sl slaJoe 5l (55 ol nle
bt sloap e (iomen Wig b 435 San
by (s oo ) Lo Soyien 3l sl (8
Wlgs oo (e iz 0,5 Gl STy adal ) S
Al oM s a s i Sty Loas 555> Laos 3
el p3¥ ol odle 05,8 LS a5 wisb oo
az8)S 1 o anlb perd 5 (Suaal i o1
Ol a S bt sl STy 15 092
Sl el bl s el s (rSs
Ol 4l o Sl — sl jadsn ) gt
DYAEAVAATYADL w2 o

(P W) (Swgn alasl, -

0 .

§+V-(pv)=5m M)
A5 ) Siagey g5 el IS S5 ) alal,
Comw )‘..\_Q.c ‘.” I U <|5 Sg—>9 C))a_.o B

o yd GSly St s az g by aal) oo,
Gl oolo sy Az 3529 D90 40 09 Ay
o= JUinl 8l 8,5 1 0 L g et 5
by Jod ey Ojgoty 55 12 (gl adaly ]
A dplg>

a%(pY,.)+V.(pv"Y,.)=—VI+R,. +8, M)
Rigoulera po ooz S Y ladeas
@lro—s sl STy )51 )0 5 ol a2
el

&S > oIl gl alasl -

) Oygmet &S > ool Ly gy (S S
el

V.(piv)=-vP +V.(y(Vv_+(Vv_)T )—va) D)
obie am a by ol ol 69, Lo cde
PV Gaden; sloa il a8 oo)lil la_wgio
Slo it a5 5l a8 s gLl slac Le
Sp—zst Gl 5 lwgie ;uolie 4y wi ]
Y oa bl oo el el e ol o]
ST Jos ) jeane ol (gl g Joe il
Sl Jae 5l Giemgi oyl 10 .00, F e oolaiul
S ke Jao .awl oo b oolaz

§ 5 it kg



") Ol Sen g Coxgy Cgdny

il ge (HsSge ulie amy JS 51 (g lzl a sl 8
Sloed plend Lo STy (s sl al g ol
S STy S Loyl s 0 s S |, bLzs |
500 ylae a0y b oo (g S oslal LB T
sloa LIl a b o, Sojlail Jas ol 5o
OmireS Jome ol ol e b (b STy
adul) s bavgio ey S E i A o
() ala])) s0iiS s ST b sgie oy 5 S () -
Lo |, OV adal)) Jo—ame lwgio (o0y> S
Sl als F C S Joe ooyl pls am e 8
OiSTly S g a5 eaol ) olien i S

:A_QQGA 4_55‘)‘ ‘) éj.\_?m 9 &’)_u QS’L""“_""

MTF:ﬁAY_FE 0
k
v
W, =pA 0, & QRD)
: v k
_  _AB -~ ¢
= Y, < \Y
VTP ) Tk on

W) ) (Sl S0 (w52
oleinin Lo Sy degorme lte St 61
Sorimg 9 O 9 0 (L0 5 Corol Lags
= il Glym 00 S je by 0l
L 3t ol jo el azd 3 )18 oolawl 5,5
S glo el a8 5 alowl slo o)y 4295
DVFNP] 08 oo gyt patie o bty a3 ISy
O 5 ool Lo gh oa b a3l )| St o
G—b ol @l sl g gl L,
clacsl s e ol 18 L Y glsal,
L 00 LYY gl STy s (sl (isSTs ey
=lals STy cwl oas ooy ik gk, ok
g (k,) o8, ad> 0 90 ;o Joli (V7 alal)) 515 O
gy St sl o)y ol e (k) ciS 5

u_:‘ a4 Jas_:fc d‘)—’&‘ ‘_g)LwJM 3o oola_ul S y9—0
] 00 00)5T \ Jj».\._’> 3o l—“w—*s‘j

1. Probability Density Function
2. Laminar Flamelet Model

3. Eddy Dissipation Model

4. Eddy Dissipation Concept

oy s Sy (6 5 il oy L] 3§
09_...:‘5,0
h!

LR W)

Mj ’ s aq g g
‘,Mas"" ‘59 S ‘J.'w ‘slhd.u
olbeoi sl iiSly g Kool g5l Joe ,ogde
09 ad)S e 5o 1 slagincs )3 (alerd

JoS—is g alad )b o (et Dl ST Al e
oo Bl il sl Jow .o bl ails LasasYl

Sh,wcn = _Z
J

oLl gl dos $l— =3 Gloans b o
ol o aSl o] e g Soa o] Jolie
SplTalass Juos & ogmaze 2 Jloial gl Jome
Plsasl pgpin Joao g a5 P o] Joo
L il ol sLn e i e 1 s 5
5 L Jl)l slails 3l ol cale am 4
oo 5l e o alad BSis (S pane Ll s
4l S Ploasl Jos g ol ales Jos oS 5
as aslol o as cewl oud solaiwl (glwans ol
ol 00 2 5 Jao 90 Gl (Sl JLais]
ol,T s Joo — il

a3l sl 650 SIS (g e Joe (]
a5l aad 4 S 05 b o (2,8 Joe ol ol
oo S5 ol g pl,l ala i soloss gg—ozmo
4S5 b (i Sl Jae ol e
e ity e i o
STy lsSse el sls Al (g5l Joe (51—
N S N N I
SLm STy 45 55t a oolitul lej o] ales

ol A1 Sgmg 0T B s ayyw Ly i

ald )8 Plxous! Jow -

‘r....:l.m.».c‘ &.AJ)D 9 L)“"ﬁ_"’)i Ja_g‘j) ‘J\.\_A L)—" B
g 3)ly STy ol oy o szl st
S &gty aa sl LY sl ool Jos ool jo



VFAYY amio AFY LT 5 0 IV o5l “UU'";
7

FENTIUER

N2 gl e by, 5 o5 5 o] Sitinw a1 bgs yo (g, T St sla el )b ) Jgaor

St poo by (rkgmol) g3lwlud @551 | pedy| aloisbey cupd | S pm Sl

[CH,]*[0,]'* VY OxY F/Ex) k,

[H,]**[O,]**[H,0]" V/EAXY < ¥/ - k,

[CO]"[0,]0% /&Y oA AT k,

[COI*S[H,0]' YIAYx) - Bfex) Y k,,

[CO,] [H,]** MAGTIRE aUox) - k,
sl Sl g ] CHA%OZL%:O +2H, QD!
Glodawain 6l Glwl e o iy e P1 Jae H2+%02L>H20 )
39y e (ot caed Sl Ly sozey co %02 BEENG )
Orodlw Pl (ields Joo 0l ;5545 (o bles o4y 0 dute 00,4 HO (%)

Sad g Al 1 a S Gl P-N IS Joe o>
St L arolizr o 48,5 S (1) (ot
S @l VY adaly e, S 6 ol 5 05
Do lior Sty aiaid

q=-1/3(atc, )-Co )VG A\Y)
A YL bl VA i, ot T i Ly
JUi] adal, Sl 5 g ood ool d abal, o,
Dl o Ve a ) &y oa

I'=1/(3(at+s,)-Co, QY
q=TVvG \9)
v (I'V G)-aG+4acT*=0 )

sy TV ke, Yo L5 VA Ly, S5 L
P PN

- v q=aG-4acT* )
&5 adaly ) el Hs-boay 0lgs o0 -V, Hlaie
5 aeiz T Sl esliiwl L 5 05 g liSslr
2,5 Ao |y adais

Sl 3 Aokid a3 oL 1S S g
syl el oS

855 sl a5 5 e (5 SN LP 15 L s
ool wl 850 St g wgb e Lid o5 slajls
S ez s o5 slals y9—‘*—’-" I BUS
A s o)l pliabl glo i g ol Olyges

s o1 molie oyl b clile 4y azgi Ly
She—= 0 oSty gl S ol 5 olss
Gilmwdnds gl (LP) L8 o S 18 a_ 504,9
Sy ST (5 0guS gil adasly 1521 ol 5l
2 LSty b e boye 3=t (5lw o 5o
] 00 00)5] Y JﬁA_?

P WA Ry 3 WO KV

Jussl adaly facol ool eieis Ld awbw glm
)OwbuijoMJ)Mu)b)
Sy9e aints 3l e slm GBS (=l j3 a5 Pl
S Jomo 5l adls o ool o8 5 )18 ool
(D) iy ot g aoly o aS 0 ib 0 P-N
a8 S IS JUsS 555l 59,5 Sise)le s S
4 90 a5 g Solw Jdoas g, ol ol
Juasl bdlgy Jo sla gy o posos 5l S0
o=l sl slhacul oos Joos ieieis Ol >
DS 0, s 9l leS o0 Jome

alal, S i Ll a bl PL Joo joe
WS ool wlyalal, L >a 5wl —iasy
D58 ooy o], STy Sl Jae ol e



"y Ol Sen g Coxgy Cgdny

DVFNVE] T e sl g ply0 5 STy iy St @ bgyyo g )] St slo el )l ¥ Jgu

Sty by Tkgmol (g3lu Jlé (55 5 5] @bl s
[C,H,]°?[0,]'"? Y/ YY) oA AR ETARA
[C,H,]*'[0,]"* VIYOFxY - B/aAFx\
[C,H,]""[0,]"¢ VIYOFx Y - \AIATAE
[C.H,,]">*[0,]"* VIYOFxY - Y/Haax) -

[CH, ]"*[0,]"* AR ARCSARN
[C.H,]>[0,]'"* VIYOFx) A YIASAxY «
[CH,]">[0,]'"* VYOS YIOAYxY +

SLoml CFD (g5lwares Cgr o5 sl il oo
cla_oa Ly sollhe g cwlio I3 3le 5 0 awiin
e b S e ey Lol b
i S 5 Uiy 5l oS e, 3l 5, 1
ploed ol o3V 8 ool g o) Shos
slaaad by b oo slagledl g Sloss>
o=l e tcle, A w0 b
oals s ¥ IS i )0 a S o biles (ojlwand
Gam- ,l58ls 5 5l oolaiwl L) dawain o 5 o]
ol s plonil abogy e SLtsm Uy 515 s (bit
Awdid e oo alaxMe ¥ ISl 0 a S jabiles

sloati 3 L LP , o SKola s S5 s
lyiass e 53 00 3B S e Se g ol
yo—boles .l oai ools ol o io Yl —wll
oS Sl patte pamdg A T SIS 0 S
Sz (A oylai 0y50) o Flygw ain JoLS
G5 sladib s b oo S e g oo ol
3y9) "o ujl8 Slmio 3 (VF o lei 1) ,Lsu
30 8 Slsas sgmg wilbio (A oyl
Sy 5 Eanilos e 4 18 s (Wl en
aS blge o, BBy LS b ow gl
lam Conl 0l o5 8 a4 JLu )l sl o

S LP 18 Sslor s Ly 5 e s oo
Ll nSe 5 b bbati Lol sl sad ool
bl Ol pans s a8 5 5l a5
2 0Bl ou o Al 4 S (5 ebay o]
2 B e Sl pled g 0og (s3lwesl assS
o daz>yg bccwl oo s ad s ey o glwans
518 CFD (3lotens 5ol (65 oty b
Lo g e a4 obaews sl 9,0
3l CFD adlllas )5 (S slbas (1 aS
GBS 15 5 Ly ol ol 5o il a s 3
Dl ipgtiage JLni) JLal slaossy plos

Edndy ploxl

1. Gas Seal

a8 Slsio ] A S S s0,0 S
au Jlo)l slaslB o a S Sl o a il suis
315 L ma sls (s e a5l o5 1o
oS oSVl 5 1 a5 Ll g , 15 s
S ) Si9—mil g Lzl Jloiml a8 05 e
) Blad la s 0 S o ol | ooVl , 18
a5 b iy il o SUS S
b Cmeal ) L s )3 a8 Slrio oo
Sy S H T oz o adliee Sy
ke bl WLy LP s ey ) slasls
35 Gl T g0 50 aiored Ll 00 00,]
3 e Ll b oLl o LP , o, JL)
A oYl ool )55 58 ooV 5l en i
gV Jsom o ead 5,55 ,oolie a S el , 53
OBV 5l ous A3 glosls (o Sibe Ly 0l o F



- *? 2 &
VeFV\YY axio NFeY L] AYY oylois [ - - g aJlio
OY) 9 yeo ) %4 D9y

Lo | 9
® | 5

- =
W;;E" 3

 ad ISOMETRIC VIEW
NTS.

LP i o b Siled ¥ S

LP 1 &« ons Jloyl slojl5 ooyo S 5 ¥ Jgoo

Lo Julshzl | JesenseeSs | e Julehal | Jseses oSy
H,0 YANS CH, ‘188
N, VIFD CH, JJFY
o, “1aY C, V.Y
CH, £V c, YIYY
CH, Y- A C, YA
CH, V/Fa

Shles Lulys Wwlalp LP L8 4y bl 55 (l5e ¥ Jour

Shles jlado LP B & Jlo)l ob> g9
Yvs (kg/h) ,3 & Jlos )l 55 s
ya. (kg/h) ,Lu e
YYAA (NM?*/h) Assist Gas |50
Y#IY (NM*/h) Purge Gas |50
I (NM*/h) Pilot Gas |5

AO (O) Lo




10 Ol Sen g Coxgy Cgdny

e Bl slddaseine 1G]

P S 3 ke 7 a5l e

A ) L el

et sl Ak g Al S AT ST Ao 1 v ] aled

o

oads slol (Slawlre a5l g dwain 5l oled ¥ S

S sy Jr s s Ji Lis o
ol 00y T ol el oais oslinul 4
5 a3l Slmis Loy G5 sla st Bl bl o
Sl S5, Lagie b s (B sl i
Gy >lsi ol 50 (6,588 ledbl L wios

o )l e

599 4o g Shwlre aals blas ady o 3,k 5las]
Sl (e a8) stz g £ Al Sl L8 s
OQLD.«_MA A_Jélf 09_9.> J._ul.o.ds sdoa_c LgLQUa?- d._hls
39 (Slhmlors ainals g oo slonl asi il Ll ad
obid © JSs o iz ol oo b a8 )s L
J— = oolail 55— I3 8ls 5 .ol 00l ools
SIMPLE 651 5| 0L oo Ansys Fluent L,
B35 oty ) S e Ly by, Sl sl
‘_g‘)_: Cyiro el ol solaz_wl M_wL\.A ;D_:.D:u
iy A lie O S il o0l 48,8 0,40 90
sleganase—5s L

b9 0ad i Ol
b a5 boles aas o loii |y e lize

)lf L.)Lﬂ)> LSLQ&AC)_»J o s‘ 0y Oé‘é u[ 53 a
S L ot ol L

s gladasde B glas oLt

k4SS Gl 8 Ll e L el ) -
RUETY JE RS {1 EDSRSN (SN SEIUS SN PO P08
IS i S (lad acils salgs 5l
oS00 YL VP m a S 3mx20 mx20 m olsl 4y

b ilwans lad flgeay s by (I3 o1 o
(7 JS8) ol

A 6558 oo 5 (Sllons aials I b B S

o St g clie Sl s 2S5 ol

o '.." )_303)19 0)9)_l O_L‘ )Q .QQ)J/ QL?_""’L?L‘O )Q



VFAYY amio AFY LT 5 0 IV o5l “UU";
’

FENTIUER

ral
FYFAFY
T TAYFYVY
YYYFT¥
Tav-TYY
=
= W]
B
—
1
e
w ¥

&Lai 5l (m)

A B8l L olual 13 515 ol 00 (shep sy e O S

slola (hjg St G Sl oad Joleite o3l
Sy Gty dla s sl ) 4 ez Coos
3P eln JSE 5 aS e bled el sd oop S
bl 35 00 ;0 YU slws 0429 00,5 o alax>d V
ey il ol L L c il oo o
Gy Sdedr pioren aBl A il (g d e
s S ey e bbb sladil 5l ol Lz
L R S T T O
odl sy S oloyl el o, L8 ay Jlu )l slasls
S Sy Lo @l ) ol SV a4
J=lop Wb oo S n B s YL 4 ool
03gde) LP 18 i STgs jo (alads JSC0) (mloo
(B os So gl ammiao b ol wloio
el oo ooy las A IS8y (Sldes Lyl i g0
Gl e g A IS5 0 S s blan
S Y e DS ey a5 oSS
Soalin 9000 8 ay Syl 58 Lo 5oy ]
0d—iS Ay oxie g 00,5 oloul lea oy s
oS S g Sl 5l (s olade
BT CR LRIV I W UV S W VRN IR
Sos ozl aman L o i3l8 Oloas oogame
So o]y g amian L a5 Oloris oogae

Do 8 ol sles iolElan ;e 8 S

3 00 e Sy Sl loged 4 A gi L
o il aS GBS Ao pleS e O St
—SEENRANEY 5l iy a S sl
Sl i e S o gla Mo J 8
Jols YATEITYY slaes Ly gomaSd ol by
Sl plosil (6l Aty (S (yls—eay
Sag—ly 30 (> Syl dg2g 0SSl
YIAYEIVVY slacss L (goaSiis 98 5l ool Cmsd
3 =l algs e 5 009y —ilaie sl FIFFANEY
e Sllne b 50 el Sasl gl Ol s

Al Ll

St oS 18 s labone Kselizs (55wt
oot 53 Slles Ll b p3 Jla5 s )90 (655 o2V
slglawas o a8 pdy plodl 8 o3 o
Jolts s clmosyy ploi ;5| coa s als
@m/s) ol cep 5 (Slyiml arlban Lo )5
7=l oy am aaldl jocculoa s a3 L o
d—=Bon Vo7 St o s bge aiBlsy Jol>
3 d—ole slal8 ce v g (s JS2) —leo
oo 03,51 llee Lyl & W LP 13 )3 5l o
Cleds cul ad i G 0 aS jebles Lol
5 el iose S et gl ol b o

Oygmods 3 S o Al b e Sl Eleay



"y OhKed g gy Cgin o @l sladasin LT

LP 5 o oad JoSis aled glis)l 5 Lo Jylég & S

Aot Sy o las by - Ao Ia s s bl -l

b s 2 0 022 Sl 3 e 5 - b o i ghas Ml




VFAYY amio AFY LT 5 0 IV o5l “UU";
’

S b e sl LIS g ol s
18 CFD gjlwars 5l Jol> m ol 00,5
= L gkl o 0S5 O jgna ol o
53 Y b e YNV F] Bl g sl
LI 2] gl a S cul oy 0Bl el Heoie
G5 Sl i sl bl pls— o0 e
w_’bﬁ‘ (o) )L§Lg =53 .OQ)_? oolaz_wl u_;‘ )ug
ol glows JLou e id> 0 0g—d o0 a
oS s L ol JLsy adly o 058l by
J.».S_.w.: ‘) H2 9CO ‘CO2 L AR 0 L)“'_’S‘ﬁ a‘d
S 4SSl 81, S ol Ol e aes
Syb 5laS 0 BAs s 0090 S g 0ad
sl JGol, YU sles L jlsu od aslal o
o= Jmad o a S S e uJg |, 0OH g H
Sl (6,550 uai CHO_ 4 CH, slo 0ol a0
LP , s a, Jlo)lslasl§ syl cihle |0,
e G,y5 ol s g gl 5 o1 Jels
s )5_|auLan el 00 o0lo UL.M., AR JL..;
Slyg—z slp ol g oo adaxdo ln JS i 0l jo
Atez) by, IS Y o 8y 5518
o.b)_fus)_wd‘ﬁ} | ’,..._.5 . ‘5)\)M’ )‘5‘0(’...._.5 . ‘5
J=bsy izmen Wb oo Jmid OYgaze an
CO, CO,,) sl 5l Jeol> OV gaws sl ol cilale
yeboles .l ool ools las VY IS o (H,
oad oals L VY ST jo e0d e 5 s A4S
5 el slo STy 5l sloaoe i 50 ol
odgdmo o aal JSCis Jdoay , 8 g asilas
B e Sos o] g amio oyl olxis
00,5 oo 8 g alles o, B an Jlo )l slasls

(o g VY )

FENPIUER

ammio L& 5l 55 50 asoy gls 4S5 9ba
o il B A s K a8 Olsios g o #)9—
Sl Jols m ol (A JS8) wS e
JUS USRI S WS NPV P SO A VR
e dly o oy claalae Lo b
LP , L5 s B ainy a S sba aOlise
b JSha e b o bea iS4 A Lo
S jo aS 0pdioe (Sl sl e 8
Slodgs dn dzg Ly .ol ool ools lai s A
A3l5 Slmias odguze 10 S sl lo (358
95 oS S B e S gl amio S
odzn Swlisg ne slo et ad et iw

LIV PRSI K BT B LR W W, Wi

L5 aoy8 Slsbs oogame o ey sl o p 8 S

3 olame el ez i ISl 0 4 S jeblen
S5 alas 5 o0 by Lo Il L5 L
ol pody iy, 5 ol 3w C S e 09, 5
o> slajlf g LP , 1 4 Il Loy
SUSUIW] I NI KL S R L WO R| SO 21
)05)_134_:(51l_u)‘6u)l§9u])l_‘>ou£)_~)
! be.e‘_..wo)_b g_A_A.’)O u1 )l_’>u d_')f 005.\_790
aS Gl Lot ioe 00l pumw i JSD 0 inen
k.«C]—AML—J?M—?&.J)S—A@‘UOMd—J)J)UT)L—.?U



4

L ]
7 TOe-00
& Soe-00
4 8200
3 (-3
1 Sefie-00%
0O 0

Ol Sen g Coxgy Cgdny

C:Hs e _;,—-—5 el CH, e Ll a0

CO | Jye ol iy 2 Hod Jge 5 Llap =

Ha Jyn 5 lin e s COz Jor o5 Jalbyy —=

LP 15 ) Gliol 5l Jol> ¥ game 5 Jlol byl slial clale Jyloy s 1Y S

4 00w 01
3 9001
50001
325001
3000401
2 T5ue01

250040
2 25+

2 (0= » ol

1. 750+ o i

1 508+01 (

1 258+ . o TN
1 008+01

7 500+ 00

5 008+00

2 508~00

0 0000

LP L5 oy Jlol slogls ol janay in,55 ol [l o8 o oo Vo JSCB




VFAVY amio AF-Y LT 5 0 Y 0,lacds ~J,QM}
’

= did Sl el s e by b s
Sy plas s cd jo 3=l ool g 0, Slee
ol_>o|l_>\.\_~.:l.kso & lwoslss 4_>5f)_(b..\_913 00—
sl J3b &l bl o a S g, 0bas ol ol oy,
B sle w5 a0il8 Glsbs Ly 5,5
5 =2k slhaia s olsasl o La e 18
sod—e slalas i als 6‘)—.’ b (guidS b )'|
CFD (gjlwars 5l Jeol> zols .cwl oo oolaul
sloslE ce s g (A JSC0) (mlos Sy y Jelss
olid (Hlhles byl )l 0 LP 18 jo 5l 5l sl
bl 55 e oYL sled dgmg cdeay a5 aas o
Oizmad (3l 5l Lol slal8 il jialS
oo >l Lyl 5l ol e 5,5 oedeas
=¥ L @Y e e g B S 5 S e
Shmo ey L Gl 5l ol OY sate 0als
=l Wb ge Colae L8 o (YL 4 (ool
S aed oo plid a8l g Slwlxe Jos
Slze Y ce s DBl cleas ab § LS s
Seolindygaud 18 a4 JLow )l 55 L oo 3,5 ol
Slas oogm))_lé s 0 6|oq_m )l.._,...q
i 4 39 oo Slzm] (o] jaw aman L5 a8
J=1oas g5 Slo—a 5l (g lofe o oa S 4
4_7»)9_.\»‘5@ Co—w 0d oy U_" 09_».0‘59)_15 s
asao L oiyl8 Slos oogase jo el 5l i
Lolps as 00,5 LSis , B o So oo
A+ K) B s asay glws polpdla, =i
P—a> ;o Silwands 5l ol m bl oy b o
Slaslie b godaio )8 g JSbayda i ciS
CURR VL PP-JYN P VIR Wil (Y S S0P W PR e
bl odoaiS dua>g LLP L8y b

oS )l sle il s b s S

sy Lo

Gl ool s VY IS o a S o biles
et 6 s (ge ) ) slngls il
5l TY 5 Y e ) e i ol 5 ol
32 ol L 28Ty e leas ;15 o alas
J—doas g arsls sl oSy, o] 5l 5,90 bL &
Aty Ly el LYt 31 s |l 51—
(3o ) CBle %05 By sy s i
=5y ;0 (CO,CO, H) sl 5l Jool> &Y gaxe
Lol ai il o ymolio aioy slylo iSTg apo>
At yo) @l 5l ol slasls sy e lea
s 3 550 bl o Ol bl b e o (0 s
a2y basboe ool Lajls ol edile 1 o
A Sy oot (5155 slss Julig gl a4y
S el ccbale g 383y 3t 4 ams L
8 e el ety Ll o e, 25 5 Lo
iz 53, 5 o 9ol 65lmad mo s plr
SV 52 50 €O (Hgo cdile Julbgp am ey L
e S ol ) ity 45 el b
&3S o 5 sl aml) I8 s glal 10 CO
g =Yl Cwid o g ogla ) Jlaae iy (el
= b CO cbile laie ; 18 os (15 5 0
izt U Ty alie LOLs ey Ll 05 o
a—dgi CO b s (Vb Al ) supo ST
4S 3jgw g0 CO IS g ool STy )5St L 00l
=Yl sl ud 0 g o0 0 Jg CO, aoes jo
(6 1) IS_2) €O, Jgo cbale oo, 165

NS o oy il

S5 4
oYL LP , 18 CFD (g lwdicds ¢ 3z oyl jo
'nL?LS\ sl ilawans oo dply r:L?d‘ 8o, ,5
Joli la 50 Jlaml sloonsoy plos Sl oa i
e bl b omes ((olend sl 1Sy
ol ey g (Sl aolan L 54,5 Jolb



)4 OlKod g Gy Cgdny e Bl slddaseine 1G]

(m.s") ey Dbl v aailis ¢ wide

(W/m?) ool giesis G

(kJ kmol-1.K") o35 Jlo> <ol R
(kgkgmol™) JySlo p > :M, (I.57) oy v
e i g) :’: ; (kg 1) 5 It
(klkg's!) Izl sl :h

KIm' K", ol S colos copo ko (kgm.s") o> LS5/

(KIm2.sT) 5, WS g

(kg.m?2.s%) PHaago Fuio @y Y

(bar) ,Lus :P
(m.s?) adl> ot g

Greek Letters

(kg.m?) arcsls op

(kgm's) 495 g 2
(m%s) Slodw 9% v

(m*s) 3445 v 55D,

(m*s) Jgo S985 oD,
(kgmol.m®) 35 sl,>| o> s3> Y,
(kgm?.s") STy 4y bogsyo auio p 5 R,
(K) ks :T

atis] Sllowg i g5, J Moeus| e

Subscript Letters e . .
§'<:"""9'$'3 (:._..,o fa)" '.Sm

(mol.s™.gr'.bar') i1y ool 'k,
. (m?s?) atis] Sllog i 5,50k
Lglowe cm (kIkgmol-1) (g3l Jls (&5, °E,

szl sae vi
r:s.) ;)’? od.;)Lo.«iJ dde ]

&y

INEY PP ERATNAR L R DR N I PR S0 SCHNE S AVCSRSSrON ICHL RVERCNRVS R}
[2]. Stone, D. K., Lynch, S. K., Pandullo, R. F., Evans, L. B., & Vatavuk, W. M. (1992). Flares. Part I: Flaring
technologies for controlling VOC-containing waste streams, Journal of the Air & Waste Management Associa-
tion, 42(3), 333-340, doi.org/10.1080/10473289.1992.10466996.
[3]. Stone, D. K., Lynch, S. K., Pandullo, R. F., Evans, L. B., & Vatavuk, W. M. (1992). Flares. Part II. Capital
and annual costs, Journal of the Air & Waste Management Association, 42(4), 488-493, doi.org/10.1080/10473
289.1992.10467008.
[4]. Bahadori, A. (2014). Chapter 6-Blow-Down and Flare Systems. Natural Gas Processing. Boston: Gulf Pro-
fessional Publishing, 275-312.
[5]. Karthikeyan, B. (2020). Manage Change to Flare Systems. Chemical Engineering Progress, 116(1), 36-39.
[6]. AKTAS, Y., & OZARIK, O. (2014). Dynamics of operation for flare systems. Petroleum technology quarter-
ly, 19(2), ISSN 1362-363X.
[7]. Kumar, A., Phadatare, S., & Deore, P. (2020). A guide on smokeless flaring: air/Steam assisted and high pres-
sure flaring, International Journal of Engineering Applied Sciences and Technology, 4, 12, ISSN No. 2455-2143.
[8]. Huang R.F., Chang J.M., (1994), The stability and visualized flame and flow structures of a combusting jet in
cross flow, Combust. Flame, 98(3), 267-278, doi.org/10.1016/0010-2180(94)90241-0.
[9]. Bourguignon, E., Johnson, M. R., & Kostiuk, L. W. (1999). The use of a closed-loop wind tunnel for measur-
ing the combustion efficiency of flames in a cross flow, Combustion and flame, 119(3), 319-334, doi.org/10.1016/
S0010-2180(99)00068-1.
[10]. Johnson, M. R., Wilson, D. J., & Kostiuk, L. W. (2001). A fuel stripping mechanism for wake-sta-
bilized jet diffusion flames in crossflow, Combustion Science and Technology, 169(1), 155-174, doi.
org/10.1080/00102200108907844.
[11]. Kostiuk, L., Johnson, M., & Thomas, G. (2004). University Of Alberta Flare Research Project: final report
November 1996-September, 2.



- *? 2 &
VeFA\YY axio NPT L] AYY oylois [ - - g aJlio
OY) 9 yeo ) Vé_/gz Ry

[12]. Castineira, D., & Edgar, T. F. (2006). CFD for simulation of steam-assisted and air-assisted flare combustion
systems, Energy & fuels, 20(3), 1044-1056, doi.org/10.1021/ef050332v.

[13]. Castifieira, D., & Edgar, T. F. (2008). Computational fluid dynamics for simulation of wind-tunnel experi-
ments on flare combustion systems, Energy & fuels, 22(3), 1698-1706, doi.org/10.1021/e£700545j.

[14]. Castifieira, D., & Edgar, T. F. (2008). CFD for simulation of crosswind on the efficiency of high momen-
tum jet turbulent combustion flames, Journal of Environmental Engineering, 134(7), 561-571, doi.org/10.1061/
(ASCE)0733-9372(2008)134:7(561).

[15]. Lawal, M. S., Fairweather, M., Ingham, D. B., Ma, L., Pourkashanian, M., & Williams, A. (2010, January).
Computational Study of a Lifted Turbulent Jet Flame in a Cross-flow: Flame Length and Emissions, In Proceed-
ings of the 2nd Annual Gas Processing Symposium, 237-245, Elsevier, doi.org/10.1016/S1876-0147(10)02026-
4.

[16]. Langman, A. S., & Nathan, G. J. (2011). Influence of a combustion-driven oscillation on global mixing
in the flame from a refinery flare, Experimental thermal and fluid science, 35(1), 199-210, doi.org/10.1016/j.
expthermflusci.2010.09.002.

[17]. Singh, K. D., Dabade, T., Vaid, H., Gangadharan, P., Chen, D., Lou, H. H., & Martin, C. B. (2012). Com-
putational fluid dynamics modeling of industrial flares operated in stand-by mode, Industrial & Engineering
Chemistry Research, 51(39), 12611-12620, doi.org/10.1021/ie300639f.

[18]. Singh, K. D., Gangadharan, P., Chen, D. H., Lou, H. H., Li, X., & Richmond, P. (2014). Computational
fluid dynamics modeling of laboratory flames and an industrial flare, Journal of the Air & Waste Management
Association, 64(11), 1328-1340, doi.org/10.1080/10962247.2014.948229.

Jrie o alass IS ool 51 gooe oy «OVFAY) p 2,05 5.8 60 ep jomus yie e s0ly> [V4]

a5 5 8 S las sles a1y (wiin S8 5B (o p LOTAD) ey ) 5 s (Y]
FF ol wiige yo il e adoe o] (25,5 (slrousV]

[21]. Javadi, M., Anbarsooz, M., Ghobadi, A., & Kahrom, M. (2017). Numerical Investigation of Wind Effects

on the Flame Shape of Sarkhoon and Qeshm’s Refinery Flares, Journal of Applied and Computational Sciences

in Mechanics, 28(2).

[22]. Irani, M., & Bahjat, Y. (2023). Investigating the Medium Pressure Flare Performance of South Pars Gas

Refinery in Design and Operational Conditions Using CFD Simulation, Journal of Farayandno, 18(82), 5-23..



