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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 reaction. In addition,

the other is the inside of furnace with burner as heat source, Firebox. The performance including yields, byproducts, and energy

efficiency depends on both the designs of firebox and operating conditions. In this simulation study, the equation of continuity,

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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 ���� ����  !"#$%. &'( ���) ���

� *+,�� -./0&1 23./0& 45
 &67 8%. &'

( ��90
 :�; ethylene, propylene <) =>,? @��A	

B& �C#D %! ;' +E, .F��G
 �� %H( 5I) �

��JB
 KC�L M%. & � vinyl chloride monomer(VCM)) K

C� acetylene
 &N�� 90O EDCP QR� �� 90 S T U

N0, VK��0 <& 8�1 EDCP -./�7 WXJ�; VCM


 	Y�� ��O ethylene Z!X� ��
 YK![ \�]��

	Y0) 4IP &67 8%[1]. &'( ^_) `�. -./ ��

) +E=� �a, �b) *ac ^_� #d 8%. T'1 e	 �

��f� �g h,iP j&= k( 9l�� m;8� n*) ^

o�� +E=P pN(%. T qO� +E=� �brO s� r&

t!� ��(%.

e	 uv�f �t�? `^ EDC -./ ��� `( >= �w

/�xy� +E= z��f {JM - |}� .~P +E=� ,

N�� ��7 +E=� �-� ��� `�; ��#$%. �, �-
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�
��� ��F O��� pN#$%. &'( `�.) xy� �-�

��P �*( �i� ���� Lobo� Evans[2]) ���M 90)

,N&$%. TF7 �-� ��) �iP *��L ����= ��

� {J �� +E=� ��#� -��) .~P �?� � �$%.

& �� xy� VercammenO Froment[3, 4]� )�; ethane -.

/ ��
 `o�� ��#$%. & xy�f� Lobo� Evans� p

N( 2�
 :�; �� - |}�) b��
 �-� ��� `�

; ,N��%. `I� �p-�� � ��P 7����1 xy)

>�� �p-�� /�&$%. �p-��) �w/�
 k�; t

*( �CwP ���  ¡O �,� `( HottelO Sarofim[5]) zone

methodP pN���D, view factorP {J�= k�;  O ���

� ¢�P �£��� ���� Monte carlo �w/�90
 pN�

�%. T'1 &'( 2�� �� �br +E=� ��� 8� -.

/ ��
 `o�� ( �&$%. ¤�� Froment[6]� *+,? �

����f ¥& pN#� �arO n*^_) +E=P ~¦��

�-� �w/�xyP ����%. §f ��¨© xy[3, 4]� xy

) ^_� t*�1 =ª,? �p¢«� =>� �; CO2� H2O�

`( ¬­ ®¯ °
 ,N��%. & xy�f ±²kw� �� �t

³´
 7���%. ±²� �p�²� source) ( ��� 7�M%.

n*O �-� p&) �p-�� /�
 k/f µc^ ¶& ~¦

#� �²�9�·& ��) +�{J� )/f ��M � %¸) {

J�� &d�� ¹7FºO zone methodP qK�� 90
 »¼�

�%.

xyqO +E= 4½�f �t½�� ¾¿ `I-��& À���

µÁ& ,$�D, �-� ÂÃ�.�� Ä�Å �i� oÆ��7, ±

²) ÇÈ& +E=� 23#� �	� �?#$%. TF7 +E=�

sdÉ �.�f +E= Ê&� ¾¿ �i� - |}� .~� ËÌ

Í oÆ¨%� Îd�� ÏÐ� �?#$%. &'( qO� ÏÐ� �

C#� �.�f Ñ�,? nÐ� �CÒ � 8�D, ËÌ( ÓÔo

ÆO T� ¾¿ �²� Õe& 8
 � 8¸
 Ö;4$%. TF7

&'( xyqOP :�; +E=� sdÉ �.) �R� �C) �

�& �×�%� �
 	!��%[6]. T'1 +E=� �-�) x

y� qK#� �( ��
 ���7 8%.

§f) &'( xyG& -./+EO rØM �p-��, �-�

) =��, yY <) ?ÙÚ 7���%¡ Ranzi� Grottoli[7]� EDC

./��� `�; rØM ��+E S nÐ ^CYÛ
 EDC -.

/ �� �� �w/�xy� ,N��%. ��) � �.
 kinetic,

reactor, furnace, coking) ¢«� y.���D, � ¢«�f ��(

qOP %! :K�; qOP JÜ��%. Reactor� coking¢«�f

� 200¬) �Ý, 40¬) Þßà& ~¦M ./+E
 /����D,

reactor ¢«�f� +E=���f) �Ý ��·O �²� ��·


* ÀQ) á'T+E=� `�; /���%. âÍ furnace¢«�f

� %¿ ] ¢«��  �� +E= ãä å¡�i, fouling rate <)

qO� �p¢«, zone methodP qK�; e	��� `( æçC


 èo!é%. T qOP pilot plant� ,N� êë, Ö% ,� µ

N�� e	��� `( /�O -./ �-�) &o,? ì�YÛ


 	!� � 8$%. T'1 �-� ��) �t½�P 7��� �

( ��& 8$%. VercammenO Froment[8]� ethane -./ ��


 `o�� +E=) ^_� ¾¿ Y�âC½�� `( xyP �

���%. +E=) �¡& Q^* êë� æQ^* êë) Y�^_

P �w/�90
 &N�; µí��%. Ethane-./ ��� `�

; �-� ¢«O nî�C +Eïi·& ~¦M +E= ¢«
 q

K![ �w/�xyP ����%. T qO �¡& æQ^? êë�

�¡& Q^? êëÖ% +E=) run length� 40% ð�#$%. æ

Q^ �¡& Q^ �¡ +E=� µ�; �-� ��) �i� ñL

^C#$%. &'( xyP :�; +E= ��) ñ�   �iP ^

C�D, ò run lengthP �
 � 8%� �
 Ö;4$%. TF7 j

� -�� óÁO �*( - |}�, �i .~P �?� � 8$%.

&'( qO� �¡& æQ^? +E=P ,N��
 êë �Ï� `

( 23 ¡,µ� Ð= ��&$%.

&� ô& �õö�) @��A -./ �-�� `( �w/�x

y� �p-���²�) /��Ú r÷
 �$%. ¾Þf �-��

��f 
��� xA+E�� ?( �t) ½�� +E= ��� �

-� p&) -íø ^_P 7�� � �$%.

¤� 20ùg �pc
 ú�, 9Ü, Jû!ü� ý�� 8
 êë)

�²� ��� r( xy� 8$�D �þ( =��, ^_�f) �

pc &t) ú�, 9Ü, JûO rØM �þ( {J� `( ¥� 9

0& 	l#$%[9].

TF7 �-� ���f ^C#� 7�� )( �p-��) /�


 k( �w/� 90) ¬
O EDC -./ �-� /�xy� ÿ

�,�� &6d�%. `�.) �p-��) �w/�� �I� �

�+E& qKM êë&= ��� /�O�& �þ�%.

ª xy�f� `^ EDC -./ ��� pN#� �-� ��)

-�� �	P /���%. xR) xA+EO -�� ���º��

�p-��, `I-�� uo <
 7���%. &'( xyP ��

�� �; EDC -./ �-� prototype/�
 !i��%.

1-1. EDC Pyrolysis Process

Fig. 1� EDC-./ ��) ¬	,? ¢·i&%. EDC -./ �

�� ��,�� �p
�(radiation section), ̀ I
�(convection sec-

tion), �
(stack)) ] �� 
��� y.M%. �p
��� 2¬)

Fig. 1. Schematic representation of the EDC furnace.
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RM
n*+E=� �b�� �w#d 8%. � n*+E= ���f EDC

-./ +E& *d�%. �p
��f 
�( xA��� `I
�

�� �'�D, n*+E=� Gd�� EDC QRP �-(%. %!

`I
�) xA��� �

 :/f `=��� �Ü#D, �
�

� ���f xAóÁ
 �?�L k�; �=���) JA �iP

��(%. �p
��f� EDC -./� �×( -& �p
� H�

¡� ���� �� 44¬) ±²P :�; �ËM%.

2. � �

EDC -./ �-� �) -, �t S � �� 5) 
��
 ��

�= k�; pNM �ÀQ ��9�·� %¸O ô%.

xï9�·: (1)

;=f ρ� �� �i, Ui� i9è) ïiC.
 1æ�%.

ìt� Ö� 9�·:    (2)

;=f, P� ÓÔ, τij� ��EÔ, gi� �Ô�ïiP 1æ�%. �-

� ���f) �t) �ïO ^_P 7���
 êë �I� ^C#

D, κ-ε å� �I ¢«& pN#$�D κ� ε� `( Ö�·� ��

%¸O ô& � � 8%.

(3)

(4)

C1ε, C2ε, C3ε� e�,? o�&%. σκ� σε� κ� ε) �I�J


7�( Prandtl number&%. · (6)�f Gκ� κ) �C¶&7 %¸O

ô& 1æ� � 8%.

(5)

TF7 · (6)) Gb� �Ô� )( �C¶�� %¸O ô& å!�

� 8%.

(6)

· (6)� σh �I Prandtl ��� 
  :�; {J#dÉ%.

· (5)O (6)� 1æ� µt� �I�i(turbulent viscosity)&D, T

�� %¸O ô& 4dÉ%

(7)

e	 �I�t�f {J#� �ó �i(effective viscosity)� �I

�f) �i� · (7)�f 4dÉ �I�i) K�� {JM%.

· (6)O (7)�f åuM o�� ê�o�&7 T �� %¸O ô&

4dÉ%.

C1ε = 1.44, C2ε = 1.92, C3ε = 0.09, σκ = 1.0, σε = 1.3

�²� 9�·:

(8)

k� VK�) -�ii, kt� �I &t� `( �ó �ii, T�

�i, hj� j�Ý� `( �WÏ, Jj� j�Ý� `( |}�, Sh� +E

O �p <� )�; 
�#� �²�) ��
 ~¦�� ¶
 1æ

�%. �iÀ� )( `I - VK óO� t!� 7�#$%.

2-1. �����(Radiation Heat Transfer)

�-� ��� 7�&D &� ¾Þ �p-��& �×( ��
 �

�&Þ 7�M%. ª xy�f� �ó�£=���(effective gray gas

approximation)� )�; %¸) �p-�� 9�·(radiation transfer

equation, RTE)
 ,N��%.

2-1-1. �p-�� 9�·(Radiation Heat Transfer Equation, RTE)

RTE� �pc� `�; �²�Ö�
 1æ�� 90&%. ê�P ¾

Þ ³�� �pc� ú�, Jû, 9Ü, TF7 %¿  � )( Jû <

� )�; !"(%. &'( ¢# óO� ?ÙG& RTE� ~¦M%.

(9)

k) ·� RTE) *+,? ^_� I�  ) ]=, a� ú� ?Ù,

σs� Jû?Ù(scattering coefficient), σ� Stefan-Boltzmano�(5.672

$10−8 W/m2K4), s� �pc) &t �F, ω� �pc) ���


1æ�%.

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

or DTM)

DTRM� hybrid methodP =>� Monte carlo method� Zone me-

thod) 90
 2%![ 90�� Lockwod� Shah� )/f 	l#

$�D xAe�f) �p-�� ��
 k/ ¬
#$%[6, 10]. ª

xy�f� �-� ��) xAO��f 7��Ù, �gý� <& �

��� &�D, �� �g�� %�) �pc& 9Ü#7, ��) `

o�g& Ð= ��� DTRM
 pN��%. ª xy� ,NM

DTRM�f� 4M �y, Üy S   ô� ê{�f �ó�£�� �

�¢«(effective gray gas sub-model)
 ,N�= ��� �pc)

JûóOP 7��� &Âi �ó�%. &'( êë · (9)� (10)��

�FM%[9].

(10)

DTRM�f �F
�� `o�Ï� )�; yC#7 ý�) �i�

ú�{�� �� o�� ��(%. ê{) � '�f �(, � P�

q�#¡ P�f +y� 7�#d *�( �iP ��� ;' y��

� 1)d�L M%. �pc) ê�� �pc& %¿ ê�� 2��

�ö� &dÉ%. QiP *)) ��� +�¡, Qi� ê{ ') �÷

�& Â�,Þi �÷�O ô%7 ��(%. �pc) ]=� Qi��

f !"�; �pc) ê�P Q� Pö� ���� c�� ���7

�p-�� 9�·� &-L �dÉ ê�� ¾Þ ,.�¡ %¸O ô

� qOP �
 � 8%[11].

(11)

δs� `o�Ï ��f �pc& &t( �F&D, InO In+1� `o

�ÏP .17 Gd/� �pc) ]=&%. � P�f 9ÜM - |

}�, Gp� � P� i�( ¢# �pc� )( .~P ¢� K�;

�dÉ%. �,

(12)

&'( {J� ¢# �pc� ,N� � 8%. �p-��) /P

�= k�; ê{YÛ��   �i .~�  �f) - |}�� �

∂
∂xi

------- ρui( ) 0=

∂
∂xi

------- ρuiuj( ) = − ∂P
∂xi

------- + 
∂τ ij

∂xj

-------- ρgi Fi+ +

∂
∂xi

------- ρuiκ( ) ∂
∂xi

-------
µt

σκ
------ ∂P

∂xi

------- Gκ Gb+ + ρε–=

∂
∂xi

------- ρuiε( ) ∂
∂xi

-------
µt

σε
----- ∂P

∂xi

------- C1
ε
κ
--- Gκ 1 C3ε–( )Gb+[ ]+ C2ρε2

κ
----–=

Gκ= µκ
∂uj

∂xi

-------+ 
∂ui

∂xj

------- 
  ∂uj

∂xi

-------

Gb gi–
µi

ρσh
---------

∂ρ
∂xi

-------=

µtCP kt⁄

µt Cp

ρκ2

ε---------×=

∂
∂xi

------- ρuih( )= 
∂

∂xi

------- k kt+( ) ∂T
∂xi

------- − 
∂

∂xi

-------  ∑ j hjJj

∂p
∂xi

-------+ 
 +τij

∂ui

∂xj

------- Sh+

dI
ds
----- a σs+( )I a

σT4

π
---------

σs

4π
------ I s ω,( ) ωd

0

4π

∫+=+

dI
ds
----- aI

aσT4

π
------------=+

In 1+ Ine
λδs

σTg
4

π
--------- 1 e λ– δs–( )+=

Gp IPG Ωpn( )∆ΩpQi
i

∑=
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�
×�%.   �i� �)#¡ ê{YÛ� %¸O ô& 1æ� � 8%.

(13)

JP� � P�f) �pi(radiosity), εw�  ) 9Üi(emissivity)P

1æ�D {J� +�,�� É�#D >= {J) !"�{�f)

JP� εwσTw
4&= ��� εw=1� )�; ��M%.

DTRM� %¸O ô� v�& 8%. 01, �þ( yY� ,N� �

8�D, 21, {J) ��i� xJïi) Y3& N&�%. 41, §

) � �� v�O xrM qO� �t9�·O qK#d, J�N �

-�, �� 5, VKxRP pN�� Ö*' <) ì�YÛO ì�

6Ô) �?� ,3( æçC
 �7 ��� ¹�8 8%[11].

2-2. Reaction

�-� ���f) xA+E� )( óOP �?�= k�; CO�

CO2) Ç9� xA�C�
 7��� two-step ���º
 =���

����%. ¾Þf +E- �?� xy) >�
 �$%. ���f

��5 i� `( ïi, RiP %¸) *+,�� ¥& pN#� Â�

�ë� ïi·�� åu� � 8%.

(14)

vi� H: {�, T� 3`�i, Ak� Â��ë� o�, Cj� � �

�5) �i, Ek� ;C� �²�P 1æ�%. ��5� CH, C2H6,

C3H8, C4H10, CO2, CO, H2O, N2, O2) 9�� �Ý
 ����%.

Ç9�xA� @��A J��) 
��Ý
 ��,�� ���= k

�; two step +E ���º& pN#$%.

(15)

(16)

& +E� CO� CO2+E) <�� ��( �-ÇÈ�iP �L

/4D, b^o_) CO) �iP ��� � 8%. ª xy�f pN

M +E·O +Eo�� Table 1� 1æ1 8%.

3. ���	
�

ª xy�f ¢«!�=�� ��( �� 21.0 m, j& 8.8 m, �

> 3.4 m) EDC -./ �-�� `�; 53$103$14¬) �ÀQ

{J ÌÙP ���7 �-� H �¡� �� 44¬) ±²(�� 88

¬)P �w��%. Fig. 2� �-�) yY� 1æ1 8%. ª xy�

f� � ±²� ��#� ¢# ��) HO YC
 t*�L ���

�%. ±²� ��#� xR�  ¡� `�; �a�� 4�M%. ±

²) �y��  +E= z ö�) �F� 1.3 m&= ��� e	

��O %A %¿ ÇÈ) ¢H&1 .p^_� ¾¿ qO) À&�

Ð� &
 ��� ?�M%. �� Y� YÛ� Table 2� ô%. Üy

� @¡ o�� 8�D e	��� ~¦M �-� �+�) - ��

`I��O �
� �A��%. TF7 n*+E=P �-� ���

~¦�� �� !�=
 "C��%. ª xy�f pNM {J ÌÙ

P Fig. 3� 1æB%. n*+E= ��) YÛ� e	���f ��

�i C& P Ê&� ¾¿ ¦�) ^_� �ø�; �Ô��%. Fig. 4

� uv�f ��M n*+E= ��) �i .~P 1æ�%. n*

+E= �, z�� +E=  ¡
 :�; -
 47 D�%. ±²)

Y�YÛ� �-� �{�? 15% OE �=P pN�D xR�� i

!��P ,N��%. T 4C.� CH4, C2H6, C3H8, C4H10) F

�� �Ý&D & ��f C3H8& ��) G 60%P À��7 8%.

xR) xA+E ���º� CO) +Eïi·& ~¦M Ç9� x

A¢«
 pN���D, xR) xA� 7�& ^C#= ��� ��

xA+E) /�
 k/ 9¬) �ÝO 6¬) +E
 7�( ���

º
 ,N��%(Table 1). ª xy�f� `^ �-��) - |}�)

{J
 k�; �i, `I, �p) ] �� -�� uo ¢�P 7�

��%. �p-��& 7��Ù� �gý� <& ���� &� �g

�f &6d�= ��� &� ,K( DTRM
 pN��% [ .13].�-

JP εwσTw
4 1 εw–( )GP+=

Ri k, vi k,– T
βkA k Cj

vi k,

j species=
∏ Ek– RT⁄( )exp×=

CnHm
n
2
--- m

4
----+ 

 O2 nCO
m
2
----H2O+=+

CO
1
2
---O2 CO2=+

Table 1. Reaction kinetics parameters for combustion of city gas(only
for forward reactoin)*[12]

No. Reaction Ak Ek [J/Kmol] a b

Rxn 1 C2H6+2.5O2→2CO+3H2O 3.4×107 1.247×108 -0.1 -0.1
Rxn 2 C3H8+3.5O2→3CO+4H2O 2.7×107 1.247×108 -0.1 -0.1
Rxn 3 C4H10+4.5O2→4CO+5H2O 2.3×107 1.247×108 -0.15 -0.15
Rxn 4 C3H6+3O2→3CO+4H2O 1.3×107 1.247×108 −0.1 -1.85

Rxn 5 CO+ O2→CO2  1.3×1010 1.815×108 -1 -0.25

Rxn 6 CO2→CO+ O2 1.6×107 1.815×108 -1 −0.25

*A+B→C+D
−r=Akexp(−Ek/RT)CA

a CB
b

1
2
---

1
2
---

Fig. 2. Structure of furnace and reactor tubes.

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 Constant ∆, P Function of reactor length   Solid wall assumption
Coil wall - Conducting wall -
Furnace wall - Adiabatic -
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� 9ko�� west+E=,  +`M) +E=� east+E=&%. N(

+E=) &´� ¾Þf west+E=� 8� 
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�, east+
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�� east
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k�; �-� �� �() �i.~P Fig. 5� 1æ�$%. Ethane

-./��
 `o�� xy( Froment[3]) qO� µí� � �-

� ��� �� Ä�Å �i� oÆ�� êè& �p�%. § 3)

�w/� 90�f OË��P& Fig. 5� 1æ� �iv� �-�  


 :( - Õe& 7�#� &Q= ��� e	uv Y�YÛ�f

) �i.~� µí�; ��,�� j� �i.~P 1æ� ���

7�M%. East� west
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�& 1,422 K, +E= p&) �g& 1,295 K TF7 east
�& 1,290 K

� west
��) �i� %¿ 
�� µ�; o`,�� j� �iv

& ^C#$%. ±²� 8� kw�f o`,�� R�? 
�& 1

æ�%(Fig. 5SY). &'( uo� ±²� ��#� xR� .p�g
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 ¾Þ *� Ç9� xA^_� ��#= ���� 7�M%.

Fig. 5�f �-� j&� ¾Þ 0-2 m���f �i� 1,400-1,600 K�

�� b��i 1,100-1,300 K� µ�; jL ^C#� �
 T � 8�

C, &� �-� ��� +E=� ���� &� 5 �g�f =�)

��ø� )( - JU& &6d�= ��&Þ7 ?�M%. �p(

&�� )�; ���g� +E=� ���� &� o�) *� �

g�fi 7�& ^C#7 8%. Üy9è�� MèM =�) ³´�

`�; +E=� *5) baffle��
 �; VKóOP +&= ��

� &'( uo� %A oVM%. Fig. 6� �-� j&� ¾¿ �t

) Y-9èÐ=P 1æ� �&%. �t) Ð=� 
�� ¾Þ y.#

�C &'( 
�y.� �� +E=� Üy� T Q?�� 7�M

Fig. 3. Calculation grid system.
*(Total 44 burners are placed on the wall)

Fig. 4. Inside skin temperature profile of coil reactor.

Fig. 5. Y-axial temperature profile in EDC pyrolysis furnace.

Fig. 6. Y-axial velocity in EDC pyrolysis furnace.
HWAHAK KONGHAK Vol. 38, No. 1, February, 2000



108 ���������	��
���

�
%. � +E=� )�; ( 
�) �t& %¿ 
�) �t� 
è


IW � 8� =�� XdGL #d 
�­� %¿ ^_� Ð=) �

t
 ^C(%. West
�� b��ï& 17 m/sec, east
�� 21 m/sec

�� east
�& 2.0-4.0 m/sec Y¿ �ï
 1æ��C, Üy� Mè#

� �t& Q?&Þ ?�M%. N( âÍ �ï& Y¿ �-� o��

�g�.�f west
�� G 20 m/sec, east
�� G 40 m/sec) �

ï
 ^C�� � y�& 1æ�%. West
� j& G 8 m� ^C#

� Y¿ �ï� ñ� ÓÔ) Üy� è�� �t½�� )�; ^C

M%. &'( uo� �-� Üy4k�f) ÓÔ, ïi, �iqO ¤

`�ï& 81.0 m/sec� 1æ� �O *w(%(Table 3). �-� j&�

4 m� 2 m��) ËÌ( ïi) ð�� ±²�f ��M �t) 


è& Q?&%. �-� ���f ^CM ïi.~, �i.~ <
 :

/ west+E=� east+E=P µí��
 êë Üy) kw� Q?

& #d west
�� o`,�� j� �i� ^C#H� west +E

=� -& ¥& ��Ò � 8%. kwo�� Üy�f o`,�� Î

dÉ east+E=� ��) 7�
�� �Z= ��� +E= Üy�

�f �i� ËÌÍ oÆ(%. qO,�� east� west+E= 4k)

f� %¿ �i.~� �tv) 
è�� -��& � +E=�f f

� %�%.

4-2. ��� ����� �� � ������ ��

�-� ��+E=�) -�� óOP �?�= k�; +E= z

 O ��) `I - |}�, �p - |}�, �i <
 [\ÖQ%.

4-2-1. +E= z �i½�

Fig. 7� +E= Ê&� ¾¿ +E= z ) �i ½�P 1æ� �

&%. & qO� west+E=� east+E=� f� %¿ z �i.~

� #� �
 1æ�%. West+E=� east+E=� µ�; �¸� G

40 K�i jL ^CM%. T'1 +E= Üy�� �f� � +E=

) �iÀ&� Xd T �iÀ&� �) �%. & qO�f +E=

�y���f west+E=) z �i� j� &�� �-� o��f

^CM 7�
�& 
è
 I]= ���� Ö?%. N( � +E=

� Ê&� ¾Þ ÏÐ^_) �i.~P ^C¦
 Ö;�%. �i.~

� ÏÐ^_P 1æ�� &�� �-��f +E=) sdÉ �.�

±²��  ^d -
 óÁ,�� �� D� ��= ��� T ��

) kwÖ% �i� ñ= ��? ��� 7�M%. âÍ +E= �

��t
 7�� êë &'( sdÉ �.�f nÐ�Cuo& ¥&

*d_ � 8�H� z��f ËÌ( �i½�� nÐ� rØ�;

�� EDC-./ +E� ¥� 
è
 I`%. � Ñ�,? nÐ�

C� ia
 4d ÓÔb�� �=L #d 4 �C�) �Á� 
è


 I`%. &'( �iÏÐ) j&P ��¦��� +E= �Rc

¼� �×( �ÖP �
 � 8%. & qO� Ö7M qO�i *w

(%[3].

4-2-2. +E= z 4k�f `I� )( - |}�

Fig. 8� +E= z 4k�f `I� )( - |}� .~&%. +

E= z ) �i.~qO�f 1æ� Üy) kw� sdÉ +E=

óO <& �p�L 1æ17 8%. & Tc�f - |}�) êë(−)

=dP ��� �� z���  -
 ú��� �
 )I(%. ¾Þ

f (−)�& �Ý�Å ú�#� - |}�i �É%. �i� jL ^

C#� west+E=� ��#� - |}�� east+E=�) ��� Ö

% o`,�� west+E=) b�`I�� −3.8$104 w/m2, east+E

=) êë −3.0$104 w/m2�� west+E=� ��#� -�& G 0.8

$104 w/m2 �i Ð%. � west+E=) `I-��& east+E=�

µ�; Ð%. ¾Þf +E= ���f �×&o) 7�& ^CÒ �

6C& 8%. Fig. 4) +E= �� �i.~P 7���
 êë +E

=�f� �y��  10%ö� ËÌ( �ioÆ& &6d�H� >=

� - |}�� e east+E=� , ,3( ^_� M%. ¾Þf ¤

,xAYÛ
 k�; west+E=� east+E=� `�; �� f� %

¿ Y�^_� �×�%. �ï& ÐD �i� ñ� west
�� `�

; ��
 ,L f��¡f OEJA�
 ð�!g 4dh �D, �

ï& ñ�D 7�? east
�� `�; +`� ��
 ÐL /4¡f

JA�
 X&� 9l& óÁ,* �&%. N(, +E=� sdÉ 


� ���f �þ( �t½�� )�; `I - |}�) ½�� Ð

D, À&� e i� G 1.0$104 w/m2�i ö� &¿%. T'1 +E

= §�.O @�.�f +` êè
 1æ�D âÍ east+E= >+�

) e - |}�� Üy��� Mè#� �t� )�; `I� )( -

��� z �i.~�� r{�& Ð%. ¾Þf ¤,) xAYÛ
 �

Ö�= k�; � +E=� `�; �-� o�, ��, ��, west, east


� ��� `�; f� ÿ�,�� ì�Ò �×� 8%.

4-2-3. +E= z 4k�f �p� )( - |}�

Fig. 9� +E= z 4k�f �p� )( - |}�) .~&%.

�p - |}�) êë �-�) yYo) �	� �
#� �t)

Table 3. Results of numerical analysis in furnace outlet

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

Outlet average -1.01×105 69.99 1492.9
Min. −0.63×105 00.03 0512.0
Max. -0.08×105 81.27 2229.0

Fig. 7. Comparison of west reactor and east reactor for the outside wall
temperature.

Fig. 8. Comparison of west reactor and east reactor for the convective
heat flux.
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Ak : pre-exponential factor(consistent units)

a : absorption coefficient [m−1]

Cj : molar concentration of each reactant species [kmol/m3]

CH4 : methane

C2H6 : ethane

C3H8 : propane

C4H10 : butane

CO : carbon monooxide

CO2 : carbon dioxide

Ek : activation energy for the reaction [J/mol]

Gb : generation of turbulence due to buoyancy

Gk : the rate of production of turbulent kinetic energy

Gp : incident radiative heat flux at point P [W/m2]

gi : gravity acceleration [m/sec2]

H2O : water

hj : enthalpy of j species [J/mol]

I : total hemispherical intensity [W/m2]

In : radiation intensities entering the control volume [W/m2]

In+1 : radiation intensities leaving the control volume [W/m2]

Jj : flux of j species [W/m2]

Jp : radiosity in point P [W/m2]

j : input energy of reaction and radiation [J/m2⋅sec]

k : thermal conductivity of compound [J/m⋅sec⋅K]

kt : thermal conductivity of turbulence flow [J/m⋅sec⋅K]

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 
reactor

East reactor

Convection heat flux[W/m2] −3.8×104 −3.0×104 
Radiation heat flux[W/m2] −2.9×104 −3.0×104

Convection heat flux at 10% of reactor length[W/m2] −3.8×104 −3.8×104

Radiation heat flux at 10% of reactor length[W/m2] −4.6×104 −4.2×104
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P : pressure [atm]

Qi : any point

R : gas constant(8.314) [J/K⋅mol]

T : absolute temperature [K]

Sh : input energy of reaction and radiation [J/m2⋅sec]

V I,k : exponent on the concentration of reactant

�� ! "#

δs : distance traveled by radiation beam [m]

ε : dissipation rate of κ
ρ : density of fluid [kg/m3]

τij : shear stress [Pa]

εw : wall emissivity

θ : polar angle [Rad]

φ : azimuthal angle [Rad]

κ : turbulent kinetic energy

σh : turbulent Prandtl number

σκ : Prandtl number governing the turbulent diffusion of k

σε : Prandtl number governing the turbulent diffusion of ε
σs : scattering coefficient

σ : Stefan-Boltzmann constant(5.672×10−8) [W/m2K4]

ω : solid angle [sr]

µt : turbulent viscosity
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