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Abstract − The interest of incineration, which is one of the effective methods for municipal waste disposal, has gradually

increased because the incineration could reduce the volume and weight of the waste, and produce useful energy from the waste.

This study has developed the 3-dimensional numerical model, and applied for the investigation of combustion characteristics

and optimized operating conditions in MSW incinerator in Gwangju. The model developed in this study has been verified

through the comparison between the predicted and the measured temperature in combustion chamber which is operating. By

predictive results, the Sangmoo incinerator has a good characteristics of combustion efficiency and a low emission by the sec-

ond burning in the main flame zone, even though after burning zone produces incomplete products by which primary air is

introduced not enough.
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(MSW)� +�� -. ��	� /0  *�. 12  34 �567 �

8 �
 ��� +�9� :; <=>1�?� @�9 �A	BC 1

2 ��� +� � DE�F G�. HI� 12 ��� JK  L� M

NOP� <Q! R� +�92 ���SD7 �K! TU�� R� V

W9 XYD7 Z[[1]\ )4]^D7 Z[[2]� _ `a9 bc de

BC VW� =f	% *�. Park g[3]\ Shin g[4]h 50 ton/i '# 

ji9k lmk� V+nJ! jo�� R] XU4p )4]^ q�r

st uvw^�x�. �Fy 12 ��� JK  L� �8 �
 ���

+�9� V+nJ z {D� MNOP! jo( ) *� VW� |}��.

~ VW �� �8 �
��� +�9  &�5! ]^( ) *� 3

.� )4��! ���� �� �a K� ���  �� 200� +�

��9 34 �567 +�9p 5i� MNOP! D'�� ��� �

�! ���% V+nJ\ V+�� ��nJ! jo�x�.

2. ���� 	 
�

2-1. ��� ��� ��

~ VW � )4 ]^� K� +�9� V+X  b�� Fig. 1 �

�� ��� X�p 5i� b�9 �� 13.97 m�� 4.2 m���

21.98 m��. K� +�9� +�9� 8K w�6 ���� 8K! �
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% *�� V+' ��� 1. ��p �� ���(�� ����), 2

. ��, @�% ¡)w��¢ � w�	� ��9 Ww�% *�. �

� MN6 � 2. ��p ¡)w�� �2� £¤¥�� 950oC�K

�9 ¦I�
 9  �� �§ � ¨©D�9 w�	% *B ~ VW

 �� 2.��p ¡)w�� ª«! ��
¬�.

�­®� b�� �� 10.17 m�� 4.2 m9 POª�(PD), aV+ ª

�(PB1, PB2), ̄ V+ ª�(PA1, PA2)  � � °� _ �� ª��9

deBC *% 2. V+X �W� b�� �� 1.96 m�� 4.2 m��.

����� �Z« �±(N²¯)�� ��®³(air jacket) � �2t

«] �8� �¢(φ=0.03 m)� �� 104�� ´��% *�.

2-2. �	
� �
 � ��

2-2-1. )4]^ ��

V+��h 2µ¶ 3�F ·¸(two-step three reaction)�9 ��B=

��·¸��(finite-rate chemistry model)7 ESCRS(Extended Simple

Chemically-Reacting System)t �'�x% V+·¸h � (1)\ ¹�.

2CH4+O2→2CO+4H2

2CO+O2→2CO2

2H2+O2→2H2O (1)

��� ·¸º(wi)h Magnussen\ Hjertager[5]� �»� ·¸��!

�'�x�� � (2) ��� �S·¸¼�p ½E¼�t %¾�x�.

 
wi=minimum of |ρAmi , ρA , ρA' | (2)

���, ρ� 
¨£¤ ¿�, s� VÀ� µR Á#Â �S�ÃD7 Ä

��� ÅW#, mi� �� CH4, CO, H2� Á#wº, mox� Ä��� Á

#wº, mprh ÆJ�� Á#wº, Ap A'h Lockwood g[6]� �
� :

YK)9 4.0��. �SÇ� u&, ¿�, ¥�� CHEMKIN(chemical

kinetic code)[7]� &�S q�rt �'�� ¶Ä�x�.

Table 1h ESCRS V+��! �'�� i· F�ZQ� (12)t ¶Ä

( :; �� �)È! dr2��. £8 É�V+�� � Γφp Sφ�

�� φ  �� ÊÄ¶)p ÆJË�� σ� Schmidt)��.

~ VW � �'� Radiosity Ì���h Spalding[8]  �] �»�

��9 P-1 WO� Í�[(P-1 spherical-harmonics approximation) �

Ì�Î�(radiation intensity)� RTEs(radiative transfer equations)[9] 

�'� �\ ¹�. +�
 �Æ	� V+ ÆJ� 6 CO2, H2O� Î�

})(absorber) z Z�Ï(emitter)�Fy ÄÐÌ�(scatter radiation)� Ñ

� Ò�. °� N2, O2, H2� })� Ñ� Ò� Ì�&NÓ� ��B=�.

Ì��¼(R)h Ì�F�ZQ� (11) � W��. })¶)(absorption

coefficient; a)p ÄÐ¶)(scattering coefficient; s)� 1.45 m−1p 0 m−1

t D'�x%, E� ÔÏZ�Õ(black-body emissive power)��. Ì�

&NÓ  �� &ÖX! %¾�� R]  ×FZQ� (9)� ÆJË 

� (3)� D'��.

Srad=4a[R−E] (3)

É��5h V+9� )4��t R�� k−ε��! �'�x%, É

� NµÕh Boussinesq �Q  ���  Ø °� É�-J¶)(µt)p

£¤¼� W�� Ù�9 Ú
	�, É�-J¶)(µt)� Prandtl-Kolmogorov

,¶��9Ûs Ä���.

� Í� � �Ï ÜÝ� 8Þ� ß�àß(viscous sublayer)� 8J

	� á�  �â)[10]t �'�� É�-J¶)t ã9� Q��x�.

1ÛÏ�
¨(local residence time)h ¶Äª� 2 ä�� - � ¶

Ä� åÅ�q aA� �Ï� @ -  �Ó�� æB= 
¨��. 1Û

Ï�
¨h i· F�ZQ� (12)� Ç¼�) φt Ï�
¨ t9 �%, Æ

JË Sφ� � (4)p ¹��� ¶Ä��.

(4)

���, Volh ç� ÏD, � j
! è�� ç  �A	� Á# �

ε
k
---

mox

s
-------- ε

k
---

mpr

1 s+
---------- ε

k
---

Sφ t m· inj
j

∑∆ ρVol
m· inj

j
∑
--------------- m· inj

j
∑ ρVol= = =

m· inj

Fig. 1. Schematic diagram of combustion chamber.

Table 1. Expression of ΓΓΓΓφ φ φ φ and Sφ φ φ φ     for enthalpy and species mass fraction

φ Γφ Sφ

mCH4
wCH4

mCO wCO

mH2
wH2

h (mCH4
HCH4

+mCOHCO+mH2
HH2

)−Srad
*

*Srad is in Eq. (3)
Constant in combustion models
σCH4

=σCO=σH2
=σh=0.9

µeff

σCH4

----------

µeff

σCO
---------

µeff

σH2

-------

µeff

σh
-------
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2-2-2. F�ZQ�

+�9 2 3.� É��5� ]^! R] QK� �ÏI �Q�x�

�, Ç¼�)È! ¶Ä�� R] F�ZQ�! êr ë�(vector tensor)

8Þ9 dr2
 �ì �È\ ¹�.

(1) V¼ZQ�

(5)

(2) Navier-Stokes M5 ZQ�

(6)

(3) κ−ε É��� F�ZQ� 

í É� M5 ×F ZQ�

(7)

í É� ×F +Äº ZQ�

C1=1.44, C2=1.92, Cµ=0.09, σk=1.0, σε=1.3 (8)

(4)  ×F ZQ�

(9)

(5) �SÇ �´ZQ�

(10)

(6) Ì� F�ZQ�

(11)

2-2-3. )4]^Z[

Á#, M5#,  ×F, É�  ×F, Ì� &�¼, �SÇ î�� 2.

ï|w F�ZQ�� �ì � (12)p ¹� i·� ��.

(12)

R � � φ� i·D7 Ç¼�)9� ¼�Jw(u, v, w), ðÕ(p), ñ

òó(h), �SÇ� Á#wº(mCH4
, mO2

, mCO2
, mH2O, mCO, mH2

) z É�

 ×F(k, ε), ¥�(T), Ì�&�¼(R), Ï�
¨(t)��.

i·D7 2. ï|w F�ZQ�� ]t æ� R]� �� ÏD  �

ô� ��.w[\ ��Ë� <8�t R] power law scheme! �'

�� �Ä�ZQ�(discretization equation)! ���x�. )4]^h

PatankerZ[[11]! �'�x�� .w�� M5ZQ��9 ç ðÕ(cell

pressure) decoupling! Òõ� R�� ö÷ø ­®ù(staggered grid

arrangement)! �'�x�. � ��ÏD  �� �Ä� ZQ�h Line-

by-line TDMA(TriDiagonal Matrix Algorithm)  �] ]t W�x��,

Navier-Stokes M5ZQ� � drd� ðÕ\ ¼�� V¶� úû )

ü! R�� SIMPLE(Semi Implicit Methods for Pressure Linked Equation)

ý%�þ � �8� SIMPLESTý%�þ(Semi Implict Method for

Pressure-Linked Equations ShorTened)! �'�x�.

~ VW �� É��5 z �S·¸  �� ]^D7 ]t æ� R

] K' �Ï�S ÿ�7 PHOENICS V3.3! �'�x% )4¶Ä!

R�� Pentium III-5007 i· PCt �'�x�. ��� �BÏD �

)ü��(convergence criteria)h Á#, M5#,  ×F @�% �SÇ 

�é d�F(residuals)� E� 1�10−3��9 �x�. )ü
¨h 1.

��� �� D!)� 3,000w�K� CPU time� åÅ�x�� 1. �

�#� �!)� )ü¼�� �I��.

~ VW �� Fig. 2  dr� ��� {D� ¶Ä­®t 8J�%

® BFC	Ú¶t D'�x%, +�9 �(y
Z«)h 
��! ��% *

B ¶Ä
¨� �
! R] �·� 8K�9 )4]^! f�x�.

2-2-4. AW :¶OP

~ VW � aA ���h �; ú�c ò�(devolatilization)	� �

�9 �Q�% àR�&#  ]Â�� ����9 µ���� �2�

V+�K! )4 ���x�. Table 2� K�+�9 � 8�  +�	

� ���� ��²�SD OJ\ àR �&#  w^�! dr� �

��.

Table 3 �� +�9  aA	� V+��� AW :¶OP! dr

� ��9 V+��� AW�¼h X�KÞ9 �Q� �¼�! �'�

x% 1. ��� �­®� ���(porosity)! 0.49�� w��x�.

3. �
 	 ��

3-1. 3�� �	�
� ��� ��

��� 3.� )4��� D'J� ��! R] ¥�t uv7®9

�� X� �567 K�+�9 �� MN
  XU4� ¥�p 5i

OP�9 �� )4]^
 æB= ¥�t uv�x�. uv7®7 ¥�

� � (8)�  ×F ZQ� � &NÓ, �S·¸, É��5� V¶	B

¶Ä	� ñòót è] W]=�. Fig. 3h �� MN
  ii 
¨�

� �2 XU4 ¥�p )4]^ � æB= ¥�t uv�� dr2

��. XU  �� 2. V+X� ¥�� aA���� JK z �2 V

+K�� V¼D7 ��9 {à 903oC � {% 952oC� ¥���t

∂ ρui( )
∂xi

--------------- 0=

∂
∂xj

------- ρuiuj( ) ∂p
∂xi

-------– ∂
∂xj

------- µeff

∂ui

∂xj

-------
∂uj

∂xi

-------+ 
 +=

∂
∂xi

------- ρuik( ) ∂
∂xi

-------
µeff

σk

-------- ∂k
∂xi

------- Gk ρε–+=

∂
∂xi

------- ρuiε( ) ∂
∂xi

-------
µeff

σε
-------- ∂ε

∂xi

------- C1
ε
k
---Gk C2ρε2

k
----–+=

Gk µt

∂ui

∂xj

-------
∂uj

∂xi

-------+
∂uj

∂xi

-------=

∂
∂xi

------- ρuih( ) ∂
∂xi

-------
µeff

σh

-------- 
  ∂h

∂xi

------- Sh+=

∂
∂xj

------- ρuimi( ) ∂
∂xj

-------
µeff

σi

-------- 
  ∂mi

∂xj

--------- w i+=

∂
∂xi

------- 4
3
--- a s+( )∂R

∂xi

------- 4a E R–( )+ 0=

∂
∂xj

------- ρujφ( ) ∂
∂xj

------- Γφ
∂φ
∂xj

------- 
  Sφ+=

Fig. 2. Grid generation for computational analysis.
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��% £¤¥�� 928oC��. )4]^ � æB= ¥�� 940oC9

� £¤¥�p 
 1.3%� ¡.t ��% *Fy �2 XU4 ¥�� �

5�2  ´���9 ~ VW � ��� 3.� )4��� X�  D

'J� *ì! Ê7�x�.

3-2. ��� �� � ����

X� +�9� 8K z b�, MNOP! 5i�c )4��t )f

�� �2� V+nJ\ V+��� ��nJ! jo�%® K�+�

9� �(y
)Z« 6�(Fig. 2� A-A'µ
)  q�rt ]^�x�.

3-2-1. ¼�êr z �<

Fig. 4� +�92� ¼�êrp �<! dr� ���.

Fig. 4(a)� �2� ¼�êrt dr� ��9 PO ª�\ ¯V+ ª

� � �Æ� V+��È� KÛ � w�	� ����� ª«�9

aV+ª� KÛ � ÜÝ� bc ½E	B 2. V+	� a�5� K

�	�9 2. V+X9 �A
 %û �5w�t ��% *�. 

Fig. 4(b)� �<! dr� ��9 2. V+X  ���ª�  ��

dead zone� 8J	F G� V+X ÏD� "+� Ò�. HI� V+�

�È� 2. V+X � V+	
� �w� Ï�( ) *� 
¨D7 �

�t �Á ) *B ¡ �Á� ÆJ� "+��.

Fig. 5 �� +�9� 3.� ¼�êrp �D<(path lines)! dr�

���.

Fig. 5(a)  �­®
 � �WZ«�9 _ !" µ
  ¼�êr� �

���(WA3)  �] ¼�êr� �Z« 6��9 4;# �$! % )

*Fy 2. V+X� ¼�êr� �ÏD�9 %û w�t ��% *�.

Fig. 5(b)� +�
 �Æ�� uÄ�(fly ash)� �5:97 �D<!

��a% *�. �Ûw� A®� ~ �D<! r% &'��9 uÄ�

Table 2. Parameters of fuel characteristics of the municipal waste on august 

Results of proximate analysis

Combustible Non
combustible

Moisture Ash
Specific gravity

(ton/m3)
LHV 

(kcal/kg)Paper Plastics Food·Vegetables Wood·Garden trimmings Textile

22.87 14.26 41.75 6.95 3.13 11.01 55.55 12.35 0.32 1,760

Results of ultimate analysis 

C H O N S Moisture Ash Total

18.35 2.64 10.1 0.82 0.19 55.55 12.35 100

Table 3. Boundary conditions of combustion air 

Primary air1) 

Zone
Drying zone Burning zone After burning zone

Total
PD PB1 PB2 PA1 PA2

Injection velocity(m/s) 0.161 0.268 0.322 0.214 0.076 0.20

Wall cooling air2)

Zone WA1 WA2 WA3 WA4 WA5 WA6 WA7 WA8 WA9 Total

Number of injection hole 12 9 27 9 12 7 11 10 7 104
Injection velocity(m/s) 13.05 13.05 20.29 13.05 13.05 7.83 7.83 7.83 7.83 11.53

1) Preheating temperature: 178.3oC
2) Preheating temperature: 200oC

Fig. 3. Comparison of measured data and prediction in secondary com-
bustion chamber.

Fig. 4. Velocity vectors and streamlines plot in combustion chamber.
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� �5:9t Ê7( ) *�. 2. V+X  (åÅ� ���ª� 

�� %¼Û� 8J	F Gì�9 ��)��� NW�Á! â�� u

Ä�� %¼  �� ��! ZF( ) *�.

3-2-2. Ï�
¨\ ½Eº

Fig. 6h +�92� 1ÛDÏ�
¨\ ½Eº! dr� ���.

K�+�9� 2. V+X� �2 Ï�
¨(bulk residence time)h 4.76

ô��, Fig. 6(a)� 1ÛD Ï�
¨(local residence time)! �
 2.

V+Xh 10ô »*� + 1ÛD Ï�
¨! ��% *�q �� 1.

\,��u� -c MN	% *� á���.

Fig. 6(b)� �­® � w�	� V+��p ����� ½EQ�t

dr2% *�. PO ª�\ ̄ V+ ª� �­® KÛ� ����� K

�D�9 w��¼� 
� POª�\ ¯V+ª�� V+��  ./

� 01�� ½E� ��BF% *�. |1� EPA �%�[12]  ��


 2N½E��(fully mixed height)I� �§! ÎO�% *�q K

�+�9� 2. V+X AW9Ûs �ÏD�9 %û ½Eº! ��%

*�.

3-2-3. �2 ¥�

Fig. 7  1. V+X� ¥�w�t �
 |VJw� ¯V+ ª� �

V+� =f	�9 ¯V+ ª�  ¥�� �c drd% *�. V+X

2Û� ¥�� 2. V+X AWÛw � 
 1,000oCt ��% *% �

WÛw�9 =fâ  HI V+X �
�9 �� z Ì�&NÓ  �

� &ÖX9 7�� ¥�� -.9 �Î�� V+X �W � ��	

� ¥�� 880oC��. A-A'µ
h �­® � 2. V+X �WZ«�

9 6�Û� ¥�w�t dr� ��% B-B'µ
h 1. V+X� a�

 �� 8J	% *� ��Z«�9� 6�Û  ¥�w�t dr2%

*�.

3-2-4. �2 �SÇ î�w�

Fig. 8  ����p Ä+� î�w�t �
 �­®
 � �3 �

h �! ���� aV+ ª� �­® KÛ � 4­� "+â! % )

*�q �� � ª� � V+·¸� �3 5��c =f	% *� á

���. aAVÀ7 ��h aV+ ª� KÛ � Ñ� 2NV+� i

Bd% V+X �W � ��	� Ä+î�� 6.6%Q�t ��% *�.

iÄ��+� î�� 1. V+X �­®
 KÛ � %î�t ��%

*�q �� ~ VW � D'� 2µ¶ 3�F ·¸�9 ��B= V+

��� 6¨µ¶ ·¸� iBd% *� á���.

1. V+X � �Æ� iÄ��+� aV+ ª� KÛ� a� � 

� 2. V+6�9 î�� 10 ppmQ�9 4­� "+�% ÆJ�7 �

Ä��+� î�� 6.3%9 ��F% *�. �Fy 2. V+X �WÛ

9 ÷)� iÄ��+� î�� 30 ppmQ�9 �
 ���� ��� 1

. V+X � �w� Ä�·¸�F 7� iÄ��+� 2. V+X 6

�Û9 �A	% *� á���.

4. � �

~ VW �� �8 �
��� +�9� & �5! jo( ) *�

3.� )4��! ���x% ~ ��! D']� æB= ¥�� XU

4 ¥�p �9 i4â! Ê7�� X�� D'J! ���x�.

Fig. 5. Velocity vectors and path lines plot in combustion chamber.

Fig. 6. Local residence time and mixture fraction contours in combus-
tion chamber.

Fig. 7. Temperature contours in combustion chamber.
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K�+�9� +�
  V+nJ\ V+��� ��nJ! jo� 8

\t �
 PO ª�\ ¯V+ ª� � �Æ�� à¥� V+���

aV+ ª� KÛ� a� � � 2. V+� iBd�9 (2N V+

ÆJ�� î�� -�=�. 2. V+X9 �A	� V+��� �5�

%�c w��� 2. V+X  (åÅ� ���ª�� ÆJ	F G�

�. 2. V+X �W  ����� ¥�� 880oC�K��, iÄ��+

� ��#h 30 ppmQ�9 à�] V+nJ! ��% *�.

� �

~ VWt R] MN ®Àt ��]a� K�+�9 ,¶®wÈ9 "

��:;�.

����

a : absorption coefficient [m−1]

C1, C2, Cµ : empirical constants

E : block-body emissive power [W/m2]

Gk : production of turbulent kinetic energy

k : turbulent kinetic energy [m2/s2]

h : entalpy [J/kg]

mi : mass fraction of i species(i=CH4, CO, H2)

p : pressure [Pa]

R : radiation flux

s : scattering coefficient [m−1]

Sh : enthalpy source term

u : velocity vector [m/s]

wi : reaction rate of i species

�� ! "#

ε : turbulent kinetic energy dissipation rate [m2/sec3]

ρ : density

µ : molecular viscosity

µt : turbulent viscosity

µeff : effective turbulent viscosity

σk, σε : prandtl numbers
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Fig. 8. Concentration contours of chemical speices in combustion chamber.


