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Abstract − We proposed advanced cavity incinerator to incinerate waste oil which is contained water. The cavity incinerator

has heat recirculation region in the cavity to be burnt out completely in high temperature zone. And heat recuper, being left side

of cavity, plays a role in the flame stabilization of auxiliary burner flame by heat recovery of exhaust gas. The results in stan-

dard incinerator, which was selected by iterative calculation, showed that the combustion and emission characteristics of cavity

incinerator are excellent. And operating conditions were proposed by parametric screening studies about injection velocity,
injection temperature and injection point of waste oil and air.
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9. ()� :9. �*;� <� =>? �-% @AB� C�=>?

D( E$% ��F9. C�=>� GA�� H=� IAJ ()? 50-

80% KL� ->M 0��N OP� QRQRF .STM U=F9. �

N �V-�W. �� V-;X �->Y(% ->M >Y
Z� 10%

KL� ->M 0�F +[� 19. �- >Y1 +[? \]�� 0�

;X ^X 7_� ]-()$% `7�( a��N bcF ,KM d

ef �g% hYi<� j� k9. lm� nL� ()`7 i< o�

�p.� >Y -d1 ()M qr s�
t +uM V-�v u.w


% �< �xF �yz s� 
{|� ��� }~�9. 

� ��.�N ->M �& 0�F � �u�� +�� yzR$%

s��( a� u �]`��� ���N �%� U�� �i� s�

(� ����$�, �R� ����M �
�( a� �s � 2*�

=. ��M �N �-. D� -W ��R ��� -���9.

2. ���� 	 ��
��


2-1. �����

2-1-1 �p ���K�(Two phase transport equation)

+� �sN �p�s% [p8 [R� �s�{8 ��(�� ,�

�v �s19. lm� � �X�R�  �¡�? ¢& &£>z(local

volume fraction) ri% ¤¥;� � (1)� ¦9.

(1)

v(� ρiN � p� §L, ViN � p� �L, ΓriN ̈ ©ª-, N

«a
¬­ [p j.� (p i% �®;N � � 4, riN � p� &£

>z�� � (2)! ¦9.

(2)

2-1-2. �p ¡��K�(Two phase conservation equation)

� �-. DF Eulerian ¡��K�? � (3)� ¦9.

∂
∂t
---- ρi ri( ) ρiriV i( )∇ Γri ri∇( )∇ m· j i→=–+

m· j i→

r1 x y,( ) r2 x y,( ) 1=+
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(3)

v(� φiN �¯R8 ���-% �L(Vi), °±(p), ²³£(hi), ��

>z(f), b���(R), ¢&��
¬(t)�9. φ+N [p j.� (p i% �

´;N  ���� � µ �- φ� ¶��, φ−N ·�F �¸%

¯D% (p i.� [p j% �*;N  ���� � µ �- φ�
¶�9. � (3)� double bar8 “||”N Power-low operator�� fj→iN φi

� bulk-to-bulk transport. DF ¹ºª-�9. lm� �·�K�� »

¼N ´½� ¾±��, .w
 �K�� »¼ u�®�9.

2-2. ���	

2-2-1. +� �s¿À

�s¿ÀM «]Á�( a� 9Â� ¦? �KM ��9. �s ��

(�N �Ã� �{�g% �p(�% ����, ¨©ª- � iu?

·��� ¯Äz? ©Á¯Ä� ÅÆ( µÇ. ¨©. �� 
219�

¡È9.

+�� �sN 2«ª ¯ÄM de �s� J�19. ÉÊN ¯Ä(4-6)

� ¦� �Ë! ,( E� ©s, �s. �� Ì=1 �©ÁÍs ÎN

->� ¯Ä�v �©ÁÍs ÎN -s� Ì=19.

C(s)+ÏO2→CO (4)

C(s)+CO2→2CO (5)

C(s)+H2O→CO+H2 (6)

ÐÊN ¯Ä(7-8)� ¦� ¸�1 �©ÁÍs! �Ë � �s E Ì=

1 -s� Ñ� �s;X �©ÁÍs ÎN ->� Ì=19.

CO+ÏO2→CO2 (7)

H2+ÏO2→H2O (8)

�s�{� ÒLN ¨©. 
2;( µÇ. ��>z f� ª©��

O2, N2, CO2, CO, H2O, H2� ÒL� ���9. �{� ÃLN � ¯Ä

. DF ¯ÄuM �Ó�v � (9)! ¦� ���, +�� ÃLN .w


 �K�. �� �F ²³£� �<�v � (10)� ¦� ���9.

(9)

(10)

�{� §LN �p(� �K�. �� � (11)� ¦� ���9.

(11)

2-2-2. �{-[R u�®

�{! [R� u�®? Nusselt number% ¤¥;N bulk-to-bulk ¿

ÀM �<��9. .w
 ¡� �K�8 h1, h2�K�� Ì=/sÔ¾?

� (12)! ¦9.

(12) 

v(� Nusselt numberN � (13)� ¦9.

Nu=2.0+0.65 Re0.5 Pr0.333 (13)

2-2-3. ́ ½¾±(Interface drag)

�{! [R ��� ¾±? �{. �Õ;X ^N [R. Ö<�N

×$% �·�K�� Ì=¾$% 9Â � (14)! ¦9.

(14)

2-3. 
��	

�s 
 �Ì;N �s Ì=� E CO2, H2ON ØF Ù-(absorber)

� ���(emitter)�
Ú ©Ûb�(scatter radiation)N d� o9. ÎF

N2, O2, H2N Ù-� d� o� b�u�®� �ÜXJ9.

� ��.� �<F Radiosity b�¿À? Spalding[1]. �� ��;

XJ Ý$% P-1 ��Á ��Þ(P-1 spherical-harmonics approximation

.� b�ØL(radiation intensity)� RTEs(radiative transfer equations

[2]. �<1 Ý� ¦9. b���(R)? b�
2�K� (15).� �F9.

(15)

Ù-ª-(absorption coefficient; a)! ©Ûª-(scattering coefficient;

s)N 1.45 m−1! 0 m−1� R<��9. ÎF EN ß���±(black-body

emissive power)$% � (16)� ¦9.

E=σT4 (16)

v(�, σN Stefan-Boltzmann p-(à, 5.6678E-8 )��, TN

�� áDÃL�9. K¸b� u��(net radiative heat fluxes)? 9Â

� (17)� ¦9.

(17)

v(�, QriN i��� u�� âã�9.

b� u�®. �F uäåM �Ó�( a� .w
 �K� (15)� Ì

=¾. A_ � (18)� R<19.

(18)

v(�, SradN «a &£­ u7(volumetric energy source)�9.

lm� Ì=¾? � (18). � (16)M D´�v KY�� � (19)! ¦9.

Srad=4a[R−E] (19)

2-4. �
 ����(Local residence time)

��u�� +�� Ñ�æ s��( a��N s�(ç.�� ¢&

��
¬(local residence time)? E~�9. ¢& ��
¬? �¯ 
2

�K� (3)� ���- φ� ¢& ��
¬ t% ��, Ì=¾ SφN � (20)

� ¦��v ª©F9.

(20)

v(�, Vol? è� �R, N j�M é�v è. �´;N  �

��, N ¿k �.� �M �¸F9.

2-5. ������

�B (1), (3)� ¦� ¤¥1 �¯R8 2ê ë¸> 
2�K�� ��

ì( a��N í��R. (îF �Fê>Þ(control-volume based

finite difference method)M �<�v �UR8 �©Á�K�M �L�

�9. � �K�? line-by-line TDMA(tridiagonal matrix algorithm).

�� �� ���$� °±-�L� pï�ª �Þ? Åð -ñM a�

v SIMPLE(Semi-Implicit Methods for Pressure-Linked Equation). �

∂
∂t
---- ρiriφi( ) ρiriV iφi( )∇ Γri ri∇φi( )∇ Γri φi∇ri( )∇––+

m· j i→ φ+ m· i j→– φ  – f i j→ φ j φi–( ) Sφi
++=

m· j i→

m· i j→

Tg
1
Cp

------ Hmix Hfu–( )×=

Toil
Hoil

Cp

---------=

ρg
P

RTg

----------=

qj i→ 6
r2

D2
------ρ1Nukg Tj T i–( )=

f i j→ f j i→ Cf ρ1× r1× r2× Vol× V1 V2–×= =

∂
∂xi

------- 4
3
--- a s+( )∂R

∂xi

------- 4a E R–( )+ 0=

W

m2K4-------------

Qri
4
3
--- 1

a s+( )
-------------- ∂R

∂xi

-------–=

Srad
∂Qri

∂xi

----------–=

Sφ t m· inj
j

∑∆ ρVol
m· inj

j
∑
--------------- m· inj

j
∑ ρVol= = =

m· inj

∑
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� �U1 SIMPLEST ò�Yó[3]M �<���, ô½H ��.� õ

�� 0-¶ ¡K? Power-low Scheme[4]. �� å�;ö9. s�(

� ÷� -W¿�� a�v k-ε ¿À[5]M �<��9. ô½� ø-N

47ù42�� Fig. 1. �i� s�(� Up�  (! 0ú ûãçö9.

b�u��� ª©
.N D�¾� Ìü;�, ��
¬M ª©ý »¼

N ��� D�.Ú #þ;g% ¨©¾� Ìü19.

3. ���


->M �& 0�F ��u�� +�� yzR$% s��( a� u

�]` ��� ���N �%� U�� �i� s�(� ����9

(Fig. 1ÿ�). -W ̄ bª©M -��v (� s�(�  (! ����

M L*�v (���$% �� �·, ÃL � �s�{>/� ª©�

�9. ÎF �s � 2*�=. ��M ¸WN 8½8 +� �´(� +

�! ,( �´�L, �´ÃL, �´aW �Á. D� �-n ��� -

���9.

� ��. �<;XJ +�� �=? E�i% �KÍs(C) 79%, -

s(H2) 9%, ->(H2O) 7%,  s(N2) 1%, ©s(O2) 3%�9. (� s�

(� ����? ¡��w� 5�� ,(� �´�L 5 m/s, �´ÃL

25oC��, +� �´(� +�! ,(� �´�L 15 m/s, �´ÃL

25oC, �´aW(I) 5/6�9. �´aW(injection point)N �i� *�%

&' +� �´( E��
� dY W� �i� ��(side wall)�
�

dY S% û� ¶�9(Fig. 1ÿ�). �,(iN 1.2% �K�	 �
�

�9. �� »ª��? ÃL� 400oC% �� ��x(emissivity)? çÁ

�
% �K�v 0.75% ��9.

4. ��
� ��

4-1. �� ���

->� 9� 0�1 � �u�� +�� y�R$% s�
Z( a�

�]`��� ���N ��
F �i� s�(� ����9. �i�

s�(N ¡��w% ¡��Ë8 »�� ,�;� +� �´(% +�

� ,�;N ��% ;X^9. ÎF u V-((heat recuper)� �i�

���. ���( µÇ. 2( +uM �så ç% V-�v ¡��

w� Á6M �KÁ 
� - ^9.

Fig. 2N �i� s�( ç� �Lâã� ûã� Ý$% (a)N (��

�.� ¡��w� ¡��ËÚ �sý »¼�� (b)N ¡��Ë! +�

�´(� +�� ·
. �´�v �sF »¼�9. Fig. 2(a)� �Lâ

ã.� � - ^�� ¡��w. ¡��Ë� �s;X �i��(cavity

plane).� �XU�� Á6� �
;�� �ôF ��� �Xû( µ

Ç. �i� ç. � �]` ��� U=19. � �Ã �]` ���

U=? Fig. 2(b)! ¦� +� �´(%&' +�� ,��. lm Á6

4��. �Ã� �]` ��� �
;X +�� �s=M ��
t �

�u�� +�� Ñ��s� �x�L� F9.

Fig. 3? ¢&��
¬� ��M ûãçö9. ¢& ��
¬? � (20)

� Ì=¾.�L ò - ̂ �� ¸s�X�R. D�v  ���$% ª

©F ¶�g% �X�R�  (. lm ¶� 9s ��g% áD¶�

�¸N  
 �$û �i� s�( ç� ¢& aW. DF ��
¬ >

/� ò - ^9.

Fig. 3(a)N ¢&��
¬M ûã� Ý$% �i� ç.� ¡��w�

�XÁ6M ��F ¢&��
¬� pDR$% � ¶M �N�, �N

�i� ç. Ñ��s. �>F ��
¬M �N �]` ��� �


19N Ý�9. lm� +� �´(% �´;N +�� �XÁ6. i

� �Ã� �s�{! 
�R$% r�ý - ^N (V�  g% �s

¯ÄM   �J
t Ñ��s� �! - ^9. �i� ç� ��
¬

(bulk residence time)? " 2.2î% ¢ç +(� #YÞp {#$U sFig. 1. Computational grid generation and physical dimensions.

Fig. 2. Calculated velocity fields for standard incinerator.
���� �40� �5� 2002� 10�
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�%� ¼- �s��[6]$%� 2ê �så ��
¬� 2î% ;X^N

� � ¶ ¡9 9s � ¶M �N9.

Fig. 3(b)� ��.� ò - ^�� �i� ç� +� �s�{ %)

4�. �]`��� U=;�, ¡��w� �s�{ ´½N uV-(

% :% 2*;
Ú +� �s�{N ´½�]` ��$% �´;&�

�i� ç.� �>F �s
¬M �J ' 2*;N ÝM ò - ^9. 

Fig. 4N �{ÃL! Radiosity b�¿À� u(){� ûã� Ý�9.

Fig. 4(a)N �s�{� ÃL>/� ûã� Ý�9. ¡��w� »¼

�i��. �XU�� Á6� �
19. ¡��w �«$%&' '�

�$% O-� �s� J�;X Hê ÃL� ���v Á6D(flame

front).� �DÃL " 1,770oC� ¡8 ' *sF9. [��s �=p

+,%&' �Ë� >�;X -Á1 ', (Á;X ©Á< ,( E ©s

! .�;X �s� J�;g% �{�Ë. i� �s� 
�;( µ

Ç. Á6/�� (��Ë. i� 9s /X �Ã� Á6D� Á6�

'� 0. aWp�� �XÁ6M �
F9. +� �´(%&' �´;

N +�� »¼N 15 m/s� ��$% �´;g% �XÁ6� U=;


1�� ½�Á ÃL(ignition temperature)�p� ;N 
H.� �s�


�R$% �
;�� �sÃL(combustion temperature)�
 ��;

X �så *� &�.� �DÃL� ¡89.

Fig. 4(b)N b� u(){� ûã� Ý$% �s Ì=� E ØF �

��8 CO2, H2O� �DÒL(Fig. 5ÿ�)� ¡�N �X Á6D.� �

D¶M �
� �a% O-� Hê *s19. �N ¡��w� Á6$

%&' �]`�� ç% b�u�®� 
�R$% �ÜX2 �ÃM �



ZN E~F �ýM F9N ÝM �¸F9.

Fig. 5N �sÌ=�8 CO2! H2O� ÒL� ûãçö9. �Ë E �

� =>8 Ís! -s� �s;X Ì=;N CO2! H2O� ÒL>/�

U�N d� ���9. ¡��w Á6� »¼ �X '�.� �D ÒL

� ¡��, +� �´( Á6� »¼N �´( '� 0$% ��� �

��v �i� E3&.� �DÒL� ¡89. �N �¸ 4�F :!

¦� +� �´(% �´1 +�� �i�.� �>F ��
¬M �


� Ñ�æ �s� ;N ÝM �¸F9. 

4-2. ��� ��

4-2-1. �´�L

Fig. 6? +� �´(� �´�L� 15 m/s.� 5 m/s% *s
5M µ

�Lâã! �{ÃL>/� ûã� Ý�9.

Fig. 6(a)N �Lâã� ûã� Ý�9. +� �´( &�� �Lâã

� �¼�$% >©;� �i�� �«�
 67;
 1F9. ÎF +

� �´( Á6 ¼�(à, �i� �� p«). U=;ö& �]` ��

� �i� �� �«&% §Ó ^$�, �i� ç� ¢&��
¬� (

�Á6. i� 9s ��;ö9. �N Fig. 6(b)� ÃL>/.�L ò -

^�� �´�L� *s% 8� Á6D� +� �´( &�.� U=

;X �Ã� �
;( µÇ. u��$% 8� �Lâã� �i���

�&0$% 67;
 1�� +� �´( �¼�$% ��;X Á6D

¼�� �]` ��� �&% §Y	 ;�, ÎF �]` ��� �&�

ÃLL (�Á6. i� 8? ÝM ò - ^9.

Fig. 3. Local residence time and streamline for standard incinerator. 

Fig. 4. Gas temperature and radiative heat flux for standard incinerator.
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.�R$% +� �´(% �´;N +�! ,(� �L� *s
�

»¼ �i�� �Ã��M �>æ 	<ý - oX y�R�
 1�9.

¯�, +� �´(% �´;N +�! ,(� �L� ��
ZN Ý?

+�� hY�� ��;X �Y�
Ú �i� ç ¢&��
¬� ��

% �>F �s� J�;
 1�g% �i�� &£ 3M �Ó�v �

K;Xf F9N ÝM ò - ^9. 

4-2-2. �´ÃL

Fig. 7? +�! ,(� �´ÃL� pÃ8 15oC.� 325oC% ��

��M »¼ �{ÃL! CO2 ÒL� ûã� Ý�9.

Fig. 7(a)� ÃL>/.� ò - ^�� +� �´(� �´�� ÃL

� ��
9. lm �´;N ��� ²³£� ��;( µÇ. �i

� ç Á6ÃL� ��19. � �Ã� �s�{� uV-(� dW�

� ¡��w� Á6$% u�®� �ÜX2 Á6� ÃL� (�Á6.

i� 9s p:1 ÝM ò - ^9. ÎF �i� ç ÃL��% �s=

� ���v �sÌ=�8 CO2� ÒL� Fig. 7(b).� � - ̂ �� (

�Á6 ¡9 9s ��1 ÝM ò - ^9. lm� +�� �´ÃL�

��
�-� �s=� ;A �Y�9. �
Ú +�� ÃL� ��
Z

( aF <u i<� Ç�� ^$g% uV-(� 2( +uM �<�

N ��M ¿P�N Ý� �Y�9.

4-2-3. �´aW

Fig. 8? +�� �´aW� I=5/6.� I=3/4% �Á
t +�� �´

ý »¼ �Lâã! CO2ÒL >/� ûã� Ý�9.

Fig. 8(a)! ¦� +�� (� Á6¡9 �så �0.� �´�. l

m �i� ç A_0. �=�� �]`��� �% U=;X �i�

ç.� +�� �sý - ^N �>F �s
¬M �
 1F9. lm�

Fig. 8(b)� CO2 ÒL>/.�L ò - ^�� (�Á6. i� �så

*�0.� �s� J�;N�, �N �i�.� +�� �´aW� +

�� �s=. � ��M ¸WN ÝM �¸F9. lm� +�� y�R

$% �s�( a��N +�� %)� �i�% �>æ 67;L� +

�� �´aW� �K�N Ý� E~�9.

5. � �

�p. �*1 ()M -d�v �->Y1 +�� �p.� qr s

��( a�v �%� U�� �i� s�(� ���v �s � 2*

�=M >?��, ����� �
� a� �~ ���-. DF -W

��R ��� -���9.

� ��.� ��;XJ �i� s�(N ->M �& 0�F ��u

�� +�� yzR$% s��( a� u�]` ��� ���N �

�% ;X ^$� *� �� uV-(N ¡��Ë� Á6M �KÁ


@9. ¯b -Wª©M -��v  (! ����M L*�v (� s

�(% �� ��� -�F .� �s � 2*�=� ¼-F ÝM ò

- ^ö9.

ÎF ����� �
� a� �-n ��� -�F .� 9Â� ¦9.

Fig. 5. CO2 and H2O concentrations for standard incinerator.

Fig. 6. Velocity vector and gas temperature for changed injection velocity at waste oil injector.
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a : absorption coefficient [m−1]

Cf : friction coefficient

Cp : constant gas heat capacity  J/kg/K]

D : particle diameter [m]

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

f : mixture fraction

fi→j : friction coefficient

fi→j : particle drag

H : enthalpy [J/kg]

k : turbulent kinetic energy [m2/s2]

kg : heat transfer coefficient

: mass transfered from phase i to j [kg/m3]

: mass transfered from phase j to i [kg/m3]

: mass inflow to the control volume [kg/s]

Nu : Nusselt number

P : pressure [N/m2]

Pr : Prandtl number

qj�i : gas particle heat transfer

Qri : heat flux vector in i direction

R : universal gas constant [kJ/mol/K] 

radiation flux [W/m2]

Re : Reynolds number

ri : volume fraction

r2 : particle radius

s : scattering coefficient [m−1]

Srad : volumetric radiation energy source [W/m2]

Sφ : source term for local residence time [sec]

Sφi : source term for general equation [kg/m3]

t : local residence time [sec]

T : temperature [K]

Vi : phase velocity vector [m/s]

Vol : control volume [m3]

m· i j→

m· j i→

m· inj

Fig. 8. Velocity vector and CO2 concentration for changed waste injection point at waste oil injector.

Fig. 7. Gas temperature and CO2 concentration for changed injection temperature at waste oil injector. 
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002



634 �����������

l,

/

i-

he
���  !"

ε : dissipation rate [m2/s3]

ρi : phase density [kg/m3]

σ : Stefan-Boltzmann constant [W/m2K4]

Γri : diffusion coefficient [m2/s]

φi : general dependent variable

#$"

g : gas phase

oil : oil phase

rad : radiation

1 : gas

2 : liquid
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