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Abstract

In this study, a 3—dimensional numerical model, has been developed applied for the investigation of combustion
characteristics, and used to optimize operating conditions in MSW incinerator, in Gwangju. The model developed
in this study has been verified by examing both the predicted and the measured temperature in combustion
chamber which has been operated to provide a reference condition. By predictive results, the Sangmoo incinerator
has a good characteristics of combustion and low emission however after burning zone produced incomplete

products, also probably because the supply of primary air was not enough. Parametric screening studies have been

conducted to study optimal operating conditions. For the optimal combustion characteristics, operating conditions

should be adjusted with the waste properties.
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Fig. 1. Schematic diagram of combustion chamber.
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Table 1. Expression of I, and S, for enthalpy and speci-
es mass fraction.
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Fig. 2. Grid generation for computational analysis.

Table 2. Boundary conditions of combustion air.
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Table 3. Conditions of parametric screening study.
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Fig. 3. Comparison of measured data and prediction in
secondary combustion chamber.
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Fig. 4. Fluid field, temperature and radiative heat flux in
combustion chamber.

£ Jehd ez o

>~Ol>

& AREF J& Mzﬂd ot ﬂﬂhi(ﬁg 5
42 Lol ALY grold FAYE o)
Aol 23 A2A FTHZ A4F A Fadch
3 9age FAYAAN Az Far 4

3

o2 FAYAGe] A&Hoz oFeiH TLE

A 217132 Yt

322 LI} SIS =B F
a9 5t AaAWe deEe] sEEEs

a byt HR7las) Aae) FEREE
= BAARAN B FEF wolT}
9 A ot 3243 7&

dad 72 wEHE Holaks

BAFEHA A 18U A 235

\
X

70
66—

(a) CH, concentration (%)  (b) O, concentration (%)

\
ﬂ

6
~6.5...

(c) CO concentration (ppm) (d) CO, concentration (%)

Fig. 5. Concentrations of chemical speices in combus-
tion chamber.

£ 66%% viEhlz e

39 5©F AR FELZE e 4
oz daude) F9A oA A4HE QA
st $AR ARA FErk §A deh3
PEREEEL ERIERS RIS PRSP LR
57} 343 Aashm ek AT 13 Qaiel
A 33 ABPERA Faled AR Labsiaa

zx} a4 FURE U9 Qo 22 QA

FRel M 527t §7 Jehtz Qe

za S@E olABRAY FERES e 7
o2 Fandd 43 FaAved =7 37
3 Z7ehe A & 4 9ded olx HAAW 4
ol AAE F AATY AR} 14 B
7t 28 FRGUelA BEshl danree] 2



=4 A% 2%z 9

3%7) W gelch.

3.3 RHRUY Ho| BE ALSY

3.3.1 1X} Z7|H| H3}

29 62 13 7] Aste] mE kAR A 2
S P S e P R EL ERE
= Aol

I3 6@AM BH 13 d2A S8 (YDy
125742 w=9g7)e] o3 74 G Re stdA
B3 daFztel FRTF £ o]FeiRez |
A} Z7)el o3 §Zastr}h ok Model Re] 7}3t
2 £EF BolX vt dARE 13} daAETR
o]Fzy TE fHEoER FFel A% EFaEAs}
sl 13} F7IH7} 2 Model B7} & 228
Holx 9l

23 6(b)ell Model A, Bx: |
3 dAsietas) FEkid e
A 23 dasEg dabsteis A3 2t
a3k QA 13k 7Nz Model B«l 735
T 1A F7lel 27 13} e Yaast 2=
2 daAie]l A3l=e] Model Antt UAz}EtA7}
A LAL. ok 12 371 m=1359 97
74 A" At AsEe] 24d A2 E

HA o] HAdEn.

N

Hk‘

=
=3

1200 prerrprrrprrr

s150F Model R

~ —a= - Model A 1
o= Model B J

1100
1050F e

1000 F

T

950

Temperature (°C)

YT

900

B850

L N pobin bl
8000051 152253354455556

Vertical distance from grate (Y/D,))

(a) Temperature (°C)

E ik 9

=3
54

o‘r

23}

iy

218t 3x44] R wH=
3.3.2 1Al Z7] ojlgax HEl
a9 72 13 37 g2 x W] oE o
u)spe] vhekdl Hole
H T(@elA B A 12 3719 dde=
27N web ST 1% 3719 APzt
A7l dEel Aol LxE Aste el
deby 13 719 FUes %—7}*15:44
qe FEAT 13} 3718 28 27
717 g dlgdn| 42 FA7F ‘54-’%9’] I
3l2 9l3l Thermal NOx2] AJAle] 275} azje
2 12 3719 dd=s 71E +Ax3 1783
‘Crh AT AL Sadshan 13 39
dd-Evd HEAAZT RN I FH7EXH
& SEFgRE A7 daAtE =2AFE
AUk

I8 7 «dd2=7 7MY %2 Model D9
Aol b 7B A e glsd o= F

."

< pn
8=
a

du 9 ol e
mlm o

‘rﬂ.i&

mlm

o}.
B

4 A

8 371 Aoz HARNN Babiso] %
S Fshdest 5949 Aol FPHT 9]
o 2ol AbagEs) ¥ dehda aleh,

3.3.3 1A} Z7)2| 5}Z X1 Sju| e}

29 8E 13 B7] HAAE Eols] Wizl wE
daE4 ¢ wlmsle] v Aol

339 el BHAR Axe LEPES B

N B

50 PP T
45F —a— Model R 3
4057_ - - - Model A ]

——e—— Model B

CO concentration (ppm)

COEE D e B s 4 as T EE e
Vertical distance from grate (Y/D,)

(b) CO concentration (ppm)

Fig. 6. Comparison of calculation results along the vertical centerline at Case R and Case 1.

J. KOSAE Vol. 18, No. 2(2002)



20 ey
18 —«— Model R
— 1ok - <~ - Model C ]
2 F --e--~ Model D
£ 14:E 3
g °f E
= 1 L j
§ oF ]
g °r ]
o 6F ?
o L
O 4f 3
2F 3
L 3
o' UM SN S TSN NGRS ST 3
0 0.2 0.4 0.6 0.8 1

Distance along grate (P/L,)

(b) CO concentration (%)

Fig. 7. Comparison of calculation results on grate Case R and Case 2.

92 Add - AHeA - $3¢

1200 prrrr—r— T .

o ]

1150F —=— Model R ]

F L, - ~~ - Model C ]

—~ 1100F Vd \'\. --—o—- Model D.:

) F . " ]
%~ o
o 10s0F
5 F
® 1000F

E

o 3
g- 950 F
o 3
~ 900
850F

:. III_A_LIAIJLLJIIAAA;LJL)_LI:

8005 0.2 54 06 08 1

Distance along grate (P/L,)
(a) Temperature ("C)

1200 T

s Model R

1150F - <

0¥ - - - Model E 7

— 2 ~-—a=-— Model F J

G 1100F ]
= b
@ 1050;—
3 4
w 1000F
fg_ 3
g 9soF
o 3
= 900}
ssof

E PR BRI BRI B e

8005 52 04 08 o8 1

Distance along grate (P/L,)
(a) Temperature (°C)

2oE. — A SITER TR
. 8f :
X 1ef :
S wuk 3
o r 3
[ = 3
S P 3
=4 - 3
@ 10F E
£ of ]
e °F E
g 3 B
s °fF Model R 7
S 4F - e - Model E 3
S e Model F }
o 3
0: P SRR U AV SRR BT
0 02 0.4 0.6 0.8 1

Distance along grate (P/L )

(b) CO concentration (%)

Fig. 8. Comparison of calculation results on grate at Case R and Case 3.

Ao 4 (PB1=30%)°] & F] #7]&2 2
Zo d¥s7t FAHAT A2V dFAAC
Model F= 9490 (PB1 =35%, PB2=40%)°] 1
A 378 AFsd Foz FA2ddd 38
d23717t FEH=2 4 H718 daddsrt
WA 2 Az Fdxgdels #AYT vd
Zy27t FHgdelA 22 Aot SdEtse) 44
°&5‘_7} o] F-oixle}.

a8 8(b)e HARA AR M Akne] A

Fdadgd 12k F71€ AFAIZ Model F2| 7

dadA wRetEA) A 18 A2 %

(] 7-
= F9429

Ao} Arywrt dAHor FUT T2 %
At @A AFF47k2E Model Fo} 3Ee]
el 12} 3719 Fd%FE vHo=x d

Aol dart deHue



1200 prr—rr T
Modei R 3

. - < - Model G §
—-e-— Model H 3

11505—
1100 >
1050;
10005—

950

Temperature (°C)

900k

850

:IL||LIIIAIAIIIIIAIIIIK
8005 5.2 04 06 08 1

Distance along grate (P/L;)

(a) Temperature (°C)

80 T T T T T —T
[ T T T T

7of E
6o
50F

40F

sor — ModelR ]

20} — « — Model G ]
3 —..am. Model H ]

10F E

CO concentration (ppm)

PRSI SN BT SN G ]
0 0.2 0.4 0.6 0.8 1
Distance along grate (P/L )

(b) CO concentration (ppm)

Fig. 9. Comparison of calculation results on grate at Case R and Case 4.

daideMe 12 F7)epe] Egto] FE3 Ae o]
o2 Wdgo] yold4E A4} wex . F
At A FEAA Ao 1z} dAAl
£ 2= A $X9v} Model G= =gk &9
H71E2A 12 37170 f=sA FUEz F9)
H dagr)el o8 daide] WzhEe] Q4o
A 5 et.

I3 9(b)o] daksieiho] Hx
ZpelE A9 Model Ro] W& S =i ¥
2l3l Model G9} Model Hx= g gko)] w)a 3t
@ 13 3719 FYel =N 2 Yasieia)
=7 A veld s ook 9l A3 F¢) #H7)E
71E EAA FUEE H7)Fe) s Adsizn
Model G 13} F7)3E Zofo}d}lm] Model H= 1
A 7% ook,

= W

mln
o=
E 3

rulm
i
flo off o R iy

4. 4 =

A3 =AHE &72e] d45e gt
e 32 SAEES sl JEEAAS
A3 pRIFMGoRR Polal 2wy} A&
L= WAEFH EAztme £ 2o A4y
dZ3Ar)

71 AR Ao daviae FadveA 2
2} 47t dojuie s 294 AL EL] e}

mlo 0 oft

WolAl % 27 94z 45
o] 23 A2l FUE e
97 geme madzkart $Hdsd 4 s 3
£ AR A8,

e
Jo
!
18 K
2 m
iy

s
2
&
ot

Ao H2AE AAstzA 71FE LA2AH
+AxZIE Hale)] 2 d454HE Fotstd vlw
3 ZAzel).

%Ml 12 Z7) m=135997} 12 27)e ¢
gt dade] YZadrt o 283 da 3
Wé% Azt A Ee] Bebd dayAdge] 1Ay
o] o},

24,13} 7] ddexe 7E
C7F AAT JEL=UE st

AR, Fd 43 (PB1 =35%, PB2 = 40%)°] 13}
3718 ATTes dadsr) w2 13 da
Alel|A] g mldriae FRGdely 23} da
7} S stElet

AR, 718 +3HA1Y daF7| el
A 2918 #7289 A7te] HA e}

Model Rell

#ZAte| 2
2 975 20008 = =AWEw ged Ty 2
ol 23] gt

J. KOSAE Vol. 18, No. 2(2002)



94 Ao - Aol - $HE

7R (1998) L 718 27 Ao wE 7)eA
A.

Kee, R.J. and T.H. Jefferson (1981) A general purpose,
problem independent, transportable, Fortran Che-
mical Kinetics Code Package, Sandia National
Laboratories Report SAND80-8003.

Launder, B.W. and D.B. Spalding (1972) Mathematical Mo-
dels of Turbulence, Academic Press, New York.

Lockwood, F.C., AP. Salooja, and S.A. Syed (1978) A Pre-
diction method for voal—gurnaces, combustion and
Flame, 38, 1 -15.

Magnussen, B.F. and H. Hjertager (1976) On mathematical

modeling of turbulent combustion with special em-

g gL A 18D A2E

phasis on soot formation and combustion, 16th
Symp. (Int.) on Combustion, The Combustion Insti-
tute, Pittsburgh, 719-729.

Patanker, S.V. (1980) Numerical Heat Transfer and Fluid
Flow, Hemishphere Publishing Corporation, New
York.

Shin, D., JH. Choi, V. Nasserzadeh, S. Choi, and J.
Swithenbank (1999) Experimental measurements
and computational modelling of a pilot scale in-
cinerator, J. of the Institute of Energy, 72, 56-63.

Spalding, D.S. (1994) Proposal for a diffusional radiation
model, Unpublished Technical Memorandum,
CHAM, London.

Viskanta, R. and M.P. Menguc (1987) Radiation heat transfer
in combustion system, Prog. Energy Combust. Sci.,
13,127.



