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Abstract — Ethylene dichloride(EDC) pyrolysis process is one of the most popular processes for synthesis of vinyl chloride
monomer(VCM). The process can be divided into two parts. The one is a coil reactor for EDC pyrolysis reactigimnn add
the other is the inside of furnace with burner as heat source, Firebox. The performance including yields, byproducts; and energ
efficiency depends on both the designs of firebox and operating conditions. In this simulation study, the equation of continuit
momentum, energy, and Arrhenius rate equation were simultaneously solved. Three heat transfer mechanisms, convection, con-
duction and radiation transfers were considered. Consequently, gas velocity field, temperature field, heat flux and concentra-
tion profiles of emitted gases were obtained in the EDC pyrolysis furnace. In addition, the optimum firing conditions of EDC

pyrolysis were suggested.
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Fig. 1. Schematic representation of the EDC furnace.
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2-1. SAI@MEN(Radiation Heat Transfer)

MR WfFe aolH olof met FAldAYe] Fad 98-S &
Zolgl ZeHErh B A= 5884771 (effective gray gas
approximatiorsl] &J&te] the-e] BAldAD WY (radiation transfer
equation, RTES d-8-313t}.

2-1-1. BAF9A 2 A4 (Radiation Heat Transfer Equation, RTE)

RTEE EAHdel tiste] oAUAIRES vehle et A=E ot

gt 3EF BARdS F4, AR 0, a3 vhE Y ojF Ak F

o ofste gt of 1§ RE &9} AEe] RTE X3Hdrh

g—|+(a+os)l —a—+ TJA (s, w)dw ©

fo] A2 RTE 4vb3Ql Fe= 1= 2o A7), a= &5 <A,
og= A1 ZK(scattering coefficient)o™= Stefan-Boltzmafd<=(5.672
X108 WimPK?%), s= BA1xe] o] Af, we BAAe] YAZhS

Upepal),

2-1-2.Discrete transfer radiation model or discrete transfer model(DTRM

or DTM)

DTRMZ hybrid metho& 71%= Monte carlo methéd Zone me-
thod®] WHiE-S HEAZ] W o2 |Lockwod?} Shald] &Js)x] A|ets]
Row didoxe] BEAGAD oS5 fla) /MEHATH6, 10]. &
ATdre HEE iR el aAGA, SA Fol &
ABHA| ‘E%—‘ZU%, Wi 7o vEke] Balido] WEEA, Wi-e] o
Aazre]l A7) wWiE DTRME AREeRty & Ao H8H
DTRMIM = 8 Y, &7 9 ¥ 28 AAA fas|drkx st
F-xd(effective gray gas sub-mod&l) d-8-37] W] EAML]
AREHRE wEEA] el fasith olEjg A 4 (9 (100=E

A9
dl _acyT4
ds+a|__n (20)
DTRMeIA 22998 ol ofate] 4w njAle] %9
A 47 e 299

73 ]_4 71— M]o]]/ﬂ %—01- x4 p7].
ARHH PN bt sl AR 4EE JRE oE 7Y

2 UroiAAl . SRS A2e /\WOI e Azl %3%%‘
w7p] ojotzith. QF dele] fe= o™, Qut AA Ao T4
Aol ohrEtE SAda Aok /et Babde) A7l QA
A AlFEle] Babdel ARE AR PR q¥she AdoR dRsia
—”ﬁ*¥°ﬂz4ﬁ‘ WAL o RA Lol Ao wme} AEsi vhE 2

< Ads de C’“D‘r[ll]

82 WPl tela] Aol olat Aulole], I} 1,2 b
NS WU Bolel A AZlelth A PIA WEE 9
g2, G A P RS RE BANY) g% FES BT ]

Aol =,

G, = lee(ﬁpﬁ)AQin 12

HWAHAK KONGHAK Vol. 38, No. 1, February, 2000



106 uig - A -
et ¥ envl Reojuw AAZRAL treF} Zro] UeRd £ 9}
Jp = 5W0T3,+ (1-¢,)Gp (13)

3= A PIlA 9] BALL (radiosity), g, 9] WE=(emissivity e
HeRls AR wrEHo g Zssm 2] A AlRFaA oA 4
Joi= enoTu 017 Wl g,=19 °Jste] AgHth

DTRME vh3} 22 Z35do] aink A, H33eh vxof A28 &+
e, =4, ALte] FYEe} k&l xgo] golsitt A, Sk
9] T /A AR Add Ayt Sl As ddo, AdE vt
g2, 7t2gul, EPARE ARShe Bdd 59 AxAs &4
Y9 o FAg gRE AW ZleR d=A vl

2-2. Reaction

tg=m el dankge] o3 G348 FR1el7] lglel oo
CO% B¢ AN ES FE3 = two-stepdAUSS 5oz
AR wEka e gele] A 23S Tk el
seks o] tid &%, RE theel Yido ol ARHE ol

:
Ugs SEdos BET 5 AUtk

Ruc=ViuT"Ax T[] C"exp(-E/RT) (14)
j =species

viE 98 AF, T AU, Ag oHiUSA s, CGE 7 g
sk59) %, Ex 243 ouAE veldit. 888 CH, CH,,
C,Hg, CHlO, CO, CO, HO, N, 0,9 Yk E3-& HAFAU
LA} @alea Ao WAEAS AYHoR oS5 9
slel two step-§ H7HEo] ARS-H AT

m m
anm+E92+ZBbZ:nCO+EHZO (15)
1
C0O+30,=CO0, (16)

o] Hkgoll Co8t COHE) F7le A8d ddeide
B, AR Co FEE A58 & Atk &
w7 wH-E2d<E7h Table B vl 9l

rﬂ

Table 1. Reaction kinetics parameters for combustion of city gas(only

for forward reactoin)*[12]

No. Reaction
Rxn1 GHg+2.50,-2CO+3H0O
Rxn 2 GHg+3.50,-3CO+4H0O
Rxn 3 GH,+4.50, — 4CO+5H0
Rxn 4 GHg+30,-3C0O+4H0O
Rxn 5 COE Q-Co,
Rxn 6 CQQCO+:—L (O}

A EJ[JKmol] a b

3.4x10° 1.24%10° 01 0.1
2.7%10° 1.24%10° 0.1 0.1
2.3x10° 1.24%10° 0.15 0.15
1.3x10" 1.24%10°P -0.1 1.85
1.3x101° 1.81%10° 1 0.25

1.6x10° 1.81%10®° 1 -0.25

Reactor inle,tw"f .

.+ (convection section)
e Furnace outlet

Furnace

Z Center
ya Objecive slice
<4 e

y

Burners - East reaclcr

Fig. 2. Structure of furnace and reactor tubes.
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Table 2. Operating conditions studied
Boundary name Velocity(m/s) Heat condition Species
Burner 42.97 700 K preheating Fuel+15% excess air
Coil Reactor Constat, P Function of reactor length Solid wall assumption
Coil wall - Conducting wall -
Furnace wall - Adiabatic -
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Fig. 3. Calculation grid system.
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Table 3. Results of numerical analysis in furnace outlet

Pressure[KPa]  Velocity[m/sec] Temperature[K]

Outlet average  1.01x10° 69.99 1492.9
Min. -0.6310° 0.03 512.0
Max. 0.0810° 81.27 2229.0
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temperature.
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Fig. 8. Comparison of west reactor and east reactor for the convective
heat flux.
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Fig. 9. Comparison of west reactor and east reactor for radiative heat

flux.

Table 4. Comparison of average fluxes of west and east reactors

West East reactor
reactor
Convection heat flux[W/f) -3.8<10* -3.0x10"
Radiation heat flux[W/rf -2.910* -3.0x10"

Convection heat flux at 10% of reactor length[§)/m3.8x<10* -3.8x10*
Radiation heat flux at 10% of reactor length[Jm —4.6x10* -4.2x10*
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: pre-exponential factor(consistent units)

: absorption coefficient [

: molar concentration of each reactant species [knipl/m
: methane

. ethane

: propane

. butane

: carbon monooxide

: carbon dioxide

: activation energy for the reaction [J/mol]

: generation of turbulence due to buoyancy

: the rate of production of turbulent kinetic energy

- incident radiative heat flux at point P [Wim

: gravity acceleration [m/séc

: water

: enthalpy of j species [J/mol]

: total hemispherical intensity [WAh

: radiation intensities entering the control volume []/m
: radiation intensities leaving the control volume [J/m
: flux of j species [W/rf]

: radiosity in point P [W/f{

- input energy of reaction and radiation [3igec]

: thermal conductivity of compound [J@edK]

: thermal conductivity of turbulence flow [JgedK]
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P . pressure [atm]

Q : any point

R : gas constant(8.314) [Jfdol]

T : absolute temperature [K]

Sy : input energy of reaction and radiation [38gc]

V|k . exponent on the concentration of reactant
J2(0|Aa 2Kt

O . distance traveled by radiation beam [m]

€ . dissipation rate ok

p : density of fluid [kg/rd]

T : shear stress [Pa]

£y : wall emissivity

0 : polar angle [Rad]

® : azimuthal angle [Rad]

K : turbulent kinetic energy

(o . turbulent Prandtl number

o, : Prandtl number governing the turbulent diffusion of k
o, : Prandtl number governing the turbulent diffusiore of
(o8 : scattering coefficient

o : Stefan-Boltzmann constant(5.6728) [W/m2K4]

W : solid angle [sr]

[ : turbulent viscosity
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