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Abstract— A three-dimensional simulation study is performed to provide a design basis for maximum performance
operation of the stoker-type incinerator. The model equations consider turbulent flows and gaseous chemical reactions to in-
vestigate the flow field, the amount of CO and NO emissions and the residence time in the furnace and boiler parts among
the incinerator systems. Results show that the concentrations of CO and NO emitted decrease with the increase of the
secondary excess air under given conditions. However, the residence times in the temperature zone above 1,123 K(850 °C)
are less than 2 seconds, when the primary excess air of 100 % is supplied with the secondary excess air of 100 % and 150
%. Based on the simulation results, the emission of air pollutants would be minimized for the primary excess air of 100 %
and the secondary air of 50 % when considering chemical reactions and residence time in the incinerator. Comparison of
characteristic times of the chemical reactions and the turbulent mixing of gases shows that the mixing effect is dominant.
However, in the cases of the total excess air of 200% and 250 %, the effect of chemical reactions on the incineration ef-
ficiency could not be neglected because of the relatively long characteristic time of the combustion reactions. The metho-
dology suggested in the study would be applied to obtain the design parameters of new incinerators and determine the
operating ranges of incinerators for the maximum performance.

Key words : Stoker, Incineration, Turbulent Flow, Reaction

1. M = ¥ S71ES s, FAA AE 5 e i F

2 el slch Azbsl BRE He Al A7) ESl o 54

e R 71 E A P ElEsed, b et 2R & 98 4242 - 9E eItk =, 9 Bhe WA 5%

YE-mail : jyecerl@plaza.snu.ac.kr

353

ok s Fehg AEAL + YES ol FAolm AFEIE A5
U gAlo] Fhsstel, A7) 8e) ¥olo} A Hr|H o Fak7]



354 A

o =2
oA 4= slo}h. e, wl7) 7kl QAo fSls RS ol
F=] gle] wiEs]7] Aol Wh=A] 3 2 A AR oo} 311 o] &
3 2 Al Bgo] 2 S 7R 2 sle 242 4
2] A4 #1713 %17], cyclone, scrubber )2 #-aHload)s Zo) 3L 57}
2l EAshs w771 E 7P sHAlEla AR uHe g A
23] fsiMe, daFgAdate FHLGEAEY] TS A
2 ks Aeo] A e|tl]. L2 HAEE t7] 2983
E2% #3144}, Fe, Cu, Zn, Pb, Cd, Hg 53 22 $353 PAH
(polycyclic aromatic hydrocarbon), PCDD(polychlorinated dibenzo-p-
dioxin), PCDF(polychlorinated dibenzofuran) 52} EA] v|A] f7]2
AEAEC] g1, B 4 MAEQ YAkl (CO)9t A4 vt
A AR o2 WA A4S (NO,), 28] 3 HCL, Cl, SO, 5
2] A HgHE] gl Azb2uljolld] AlSh= o]2igk ti7] LA EA
B2 Zb7ke] B 3lsby BAd] ule} Ale] i Al Auo] delx
= $FEF A F2 A4 57 Ad BelEe Ao]
&g A7dshe 7P 208y 59 shelo). mdl, A7t o
A B s = 2943 A4 E<] PAH, PCDD, PCDF, CO 5-& AR5
2] uh Rl A2h2Y w78 dadAeld )] EES =
o|x Fge Aol AMFAIZE Folv Y o= Alodhe Alo]
vl s}, o], 21912kt HC, SO, 52 cyclone, 17131217],
wet scrubber 5-9] FX|e]Ax] 2 A AR Zo] f=ishc1]

#7182 7R E AT 2T E 5 2EF(stokeryt] A4 WA,
3} A A (rotary kiln)Y] dA4uH], f-EAH(fluidized bed) $14 #FA] S
o] lud, & At 28 &2 5 A A" 0 2 g}

2BH AR §5AF, A4 E Tl d4xel FA ) 9
3l H71 8-S A7 dAE 7lae SztRe] 71
FFHE 23 Il 93l AT} o] FARA =2 A A} o]
28 2EAA] a7t 2 e BE 43S EAol Xuld 4 9lE AFe)
= ub ko] eksA] 47t dage] A Y 227 nje}
Ae Frade|v BEgt Aeged Jo] A= t7] 2950
v 33 e FFE ARe] 7|2 HosiA §EE 5 L a7
2WellAe] AFA7Te] FE3A] File] B9l Q4o doid 7}
s/l Ut

wEtA], 2EFAA] 2226 dig e F2 24 FelF F
el W2 27tz Etaste] w3 A7} 7)4F AFARY] F5
3HE 97t aztEue] Japi el did A7t F2 A=) go
=, AA Z7]8] 27426 Uidt Aol o5y 242 fE Y &
= BEE dFsher] SR8l go)] &t 9l

2712 Wil A dohls A9 AFAAS 2dsslr)] ¢ty
Fagh AuAAl L 5 mde2d 4F 2ds) g vee
sebge 2 FRE 4 gir). o3& Aujubgale M2 Ajkd
(coupled) v| 3 Ale] el 2 eh)s] 1 2)4] 8] (analytic solution)
E TE717F i 9] /3 AR A =, e o
B3t 2 35 FRTH2 . o3 F A A WL 0] 83 AT
FE 242l EAlsks Aestdde 933 23 2719 F9
Al whE E3HE FAle] 2 2Ajo] PRold gt oS o, A

-

& #7193} 2=el FIDAPE o] §3ted 23 7174l) E9E o)
Ashlid), 24 717 1% A STl ERE 2H8
£ 2& 2l wARYEH3) = 3T Sheffield 222l o)
T QoA A zbze] AR AW AFEE o 47 Wabea}
£ 5o 242 229 vkt QS AFALE §7)
¥ 5 YES g2} 74 Aol E(battle) 47k Aks| Az, AL

ofk

Aol gt AARAL A7) B wEgicH4]. 3 %43 Conventry
MSW 47k 2 o) gt HALRALE Sole] aztzje] d4-54 2 7

BetZs H36H H3& 19984 62

,Z;ﬁé

[}

A A AAE B3 2 73R AFAEE dlEsieied, €O
of whAyEkgE oS3l 5]

2EAA] azhZo) OigF 23} FoJFr] F9 AHE T T2
A A 2708 s ATl E, 231 Hl3714 ofe] 3HHE
Z 37139 40-50%7F 2 o 7P e oke] COrt EAEE Aol
uhajx] o] 24 F7o] vl= EPAS] 4= dlamigtez A== gict
[6]. =& i} QuebecAlollA s 27429 A4 A WAL Ax
sl SRl E AAS, FARNY AFATE STHIZH S
o, A4-37] T Y WA s RF e A T iAde
F7kste fall 7] 589 wES 3| Solud| At 242
FAR Ao Q1A Al 23S Fof w77k} AR A v
A 23 3% 2312 2% 4ol Wk L S v QuebecAle)
27k 2o] A 242 A F3E Fol vi7I7kar) Aedt 4
o] 13 AFAIES 7HAwA wilEE 5 oA ssic

o] fJoli= Ag-E Tt HAAEALE Bl 272 A4S vl
&= o8 vetelx B 47} 7). 542 DBA(Deutche Babcock
Anlagen)?] 73 el AR} FHFH e daHE HRHS
Z WA 7184 EAle] dAlEE 7o ¥ uF ) wivi=
2] Volund= 13} 441 2] F7kel] WSt} (refractory archyE A x5}
o] BAldde] g9 Fio)h 3 Zol U] Mitsubishi F2¢-&
7] whd#e] Zrle e FA A4 SHIAE W]
28l AxAl T F3E AA sl ond, Kawasaki S5 &
& SAAF7) 3t S5Y-E SR o= wAsT]

2EAA] 47b2 o] 314z} Abctel] vl 7|7} A (grate off-gas)ol] &k
Al =[8] 357 22 59 EA-S Yoz grglon 4]
7174228 7} shehge] 243 A (ash)e] #2418 58 7 AR o
HbE< T (heat release rate)ZS A A3k £ #7529 2AS
AArsld ). o] Aol AR 2 of &= 719
FAE 22 FEigl o, viuks- ke 2} CHIS 9
ek ¥ak ol Zh wl7]rksae] HEd S Asled A Al
22 27tE Ul ol gt el B =5 .

22k e)37] ) whlel] W Aztgu) Wil gk Ak
e 34z} sl FFEE 13 FelEv)d 2EE A
& 023027)F 9ot 272U daenrt Z71sled 4zt
22| 88K (capacity)& FHAIA 4= vk B = $1o}H9).

ole} o] HANZIA| Al AL dfRE2 AT = 7|4kel |
ZH-&(cold blow) &= wgl 52o] bl whgAlE o] 83 7
5 RN R EPAHEE ClSsld, Sand A} ulwsie
Aoz Axsh= AHE ). o)2F AT w7 B
2 34 9% 242 29549 7S A X sk} 819
2u}, SEREAlS FAIG £54 sxgteze 380 28
CO vt NO, 53 22 7| L9 B4 & Ao} A 73412 4= gl =X 5
AHFA 0 2 &35}7]7) o)

2 dee fAgea el 3 uke-g A9
A A& 53l 339 2EF)A] 27tz 2l widsEs
d7led234E Haselr] A3 34 2424& A saal skl
th &, B Al 2dxzA9) Wsea el gyl 21|
wWE CO, NO2| viZaks Aakdo g «l&sly, w4l glzke] 44
T4 (trackyE F3td 24 2ulelA 9] FH A AFALE =3}
32} Fgdoh w, o] HA ol Lzt elAe] 2 EA #7Fe ¢
g 228 ARH(factor)S FH7A ShAct.

235
-1m}1-urlr
T =

H _||)|,
32
T

Nt e

2. 0 =

2-1. 38 gl



spge 2ol 2u7A

34 28 srkRdlel 54, d4E0 2 S5 R
A7) fsked AAee) ApEEAE AREY, £EF B
EA A, dEd] BE PAAS F)Ex2 slo], el 23 25
o 195} 4 BAg e FFELL BE kevd 4
23} c}H{10].

AFFAZE &3] A3 A2 59442 Lagrangian type
model[10, 11]& o]-§-3191 20, o] =& t}g5} zPo] & &= gir}.

QA el 7 £E= HF S5 U, V, W W3 w2k (turbu-
lent fluctuation)ol] &J8F S u', v, w & §to2 F8E 4 glon,
u',v', w7} 719-2 5% (Gaussian distribution)ol] 2]2&% 73-9-

u = {(?)"?)

v =)

w' = (W) @
2 3388 4 91, (& A % WJ<r(normally distributed random
number)ys YehArt. A (1)3} o) 3% Ffluctuation)®] 4
A F-(root mean square)S- 37 ol X (turbulent kinetic energy) k
o] g 23 5 gloh

(@22 =(()2)=((w?)2) = [%] @

= W 28-Fo] A& A)7}(characteristic life-time of eddy) T4}
AAE S 7 o] 13k the-3) 7o) Fol7lc).
C3/4
=2 E (3)
N
Sep Al 939) shekel dfsl 97bx) SHEEA S o] Sl
o0 AheE BT LR S BEs 2o,
spehb e Sl SIS io] ORE S, R, & b2 ol

27tz 32kl mALd T 355

2] (4)2 A+B+M — C+D+M2] uko] -85}
~ 1=AT%exp(~ E/RT)CIC;C(M : third body) @)

2 % 4 Atk & AT E DY) els s Aesison ¥
A7l A" vhS oAl g 9kg- £ AlS7) Table 19 viehd
glrh. Table 19] R13} R2E Westbrook3} Dryer[12]7} #|2F3F global
reaction kinetico] 37, R3& 7}uhg-© 24 Guke Al ule- 3]

AFEKYE o143 Fatsderl, K vhaat Zrt.

2VG ~2ViG
K, =(R*T)"2exp S—RT’—-— 6)
m2 = Z(Vs',s— Vx{k)
s

2} (60 G M5 A E2] B Gibbs A L= o]t} R4
¢} RS Zeldovich NO #HA] &%) [13]& AFS-s}gict.

2-2. 937 Wiy

£ AT e BA 18 H7E a2 nde2x ~eFAA 47t
2& A9sig s 1 AL Fig. 1ol et gloh4]. 2ztze] 3
71& 712 10.5mXEo) 20m X 77 5meo|™ 13} 7|9} wete &
o] Alkmere] AR B3l 7] wE2 Adsle] TEE
52 slglen, 23 | 4R FbEe] dATR w5 F

————T=N

Boiler
2= Wh3-4-% 2] (Arthenius reaction rate)©. 2. 3 4= i}
R =-v, T*A x M C!''exp(~E/RT) @ Secondary air m
’ ’ J’ =reactant
Al (@A v B AS, Te AAeE, AL olfu$A Als C Hopper
& 7 sakee) ¥, B 243 oluixE 27} viehiich,
diollA qhgo] deld 74 wh-em Aol FEd el 23 9
gFeo] s1ed =], B o Foll4 = Magnussen¥} Hjertager model-- &
|31l &,
£ my
R,,=Cp—=3 —— (C; 2 for products and 4 for reactants ) )
b K -
ik Ash Sump
2 & 49l Fig. 1. The geometry of the stoker incinerator.
Table 1. Reaction Kinetics(forward reaction)
No. Reaction” A E[J/kgmol] a b c Note®
R1 cH,+20,=co+2m0 2.8E09 203808 03 13 0 irrev.
R2 CO+50,+H0 CO,+HO 23E12 1.65E08 1 0.25 05 rev.
R3 0+020, 5.0E09 -0.25 0 2 0 Tev.
R4 O+N, = NO+N 7.6E10 3.2E8 1 1 0 Tev.
RS N+O, =2 NO+O . 6.4E06 2.6E08 1 1 0 TEV.

(1) A+B+M — C+D+M

—1=AT’xp(— E/RT) C;C;Cy; (M : third body)
(2) irrev.: irreversible reaction

rev.: reversible reaction
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Table 2. Characteristics of cases

Air Primary  Secondary Secondary excess air
' Tota! EXCESS  excess air excess air Total air

casgs\ () ) %) @)
CASE 1 100 100 0 0

CASE 2 120 100 20 9.09
CASE 3 150 100 50 20.00
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CASE 5 250 100 150 42.86
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Fig. 2. Vector velocity component for the CASE 1.
-unit : m/sec
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Fig. 5. Contour plot of predicted CO mole fraction for the CASE 4.
-unit : dimensionless
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Fig. 6. Contour plot of predicted NO mole fraction for the CASE 4.
-unit : dimensionless
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life-time(sec)
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Fig. 8. The predicted particle trajectories for the CASE 1.
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Fig. 9. The predicted particle residence time for the CASE 1.
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Table 4. Comparison of residence time
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on the incinerator
volume(sec)
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Residence time > 2.65 2.31 2.21 1.82 1.61
1,123 K(sec)
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Table 5. Comparison of characteristic time

CASES CASE 1 CASE 2 CASE 3 CASE 4 CASE 5

Eddy life-time 9.67E-2 8.81E-2 8.56E-2 8.10E-2 7.82E-2
(sec)

CH, destruction time 1.57E-8 1.73E-8 5.05E-8 8.14E-8 3.89E-7
(sec)

CO destruction time 1.54E-4 2.05E-4 5.06E-4 1.47E-3 2.73E-3
(sec)

NO formation time 8.25E-7 3.11E-7 9.30E-7 2.39E-6 6.10E-6

(sec)
CO destruction time 0.16 0.23 0.59 1.81 3.49

eddy life time
(%)
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AIBI1&

A, : Arrhenius pre-exponential coefficient
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3ehke-& weidk

C, C, C,, ©,, 0. : experimental turbulence parameters
Ceoan : average molar concentration of CO emission
Cho.avg : average molar concentration of NO emission
CO : carbon monoxide
C, : heat capacity
G, : generation of turbulence due to buoyancy
G, : generation of turbulent energy
h : enthalpy
J; : mass flux of component i
k : turbulent energy
M, : molecular weight of component i
m; : mass fraction of component i
NO : nitrogen oxide
p : partial pressure
R : gas-law constant
Se : effective Schmidt number
TA : turbulent air
u : flow velocity of direction i
u, : average flow velocity of direction i
v, : fluctuation of velocity of direction i
az2|0|a Xt
3, : Kronecker delta
€ : dissipation rate of turbulent energy
€ : random number of normal distribution
W, : turbulent viscosity
P : density
1 : eddy residence time
EAnES
1. Hester, R. E. and Harrison, R. M.: “Waste Incineration and the En-
vironment”, Royal Society of Chemistry, UK(1994).
2. Robinson, G.F.: Journal of the Institute of Energy, Sept., 116(1985).

2~EFA

Al
J

27}

10.
11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

rael 379 AT

363

. Ravichandran, M. and Gouldin, F. C.: Sci. and Tech., 85, 165(1992).
. Nasserzadeh, V., Swithenbank, J., Scott, D. and Jones, B.: Waste

Management, 11, 249(1991).

. Nasserzadeh, V., Swithenbank, J., Schofield, C., Scott, D. W. and

Loader, A.: Environmental Progress, 13, 124(1994).

. Schindler, P.J. and Nelson, L.P.: “Municipal Waste Combustion

Assessment-Technical Basis for Good Combustion Practice”, EPA-
600/8-89-063(1989).

. Kim, S.K.: J. Environmental Hi-Technology, Jan.(1994).
. Santos, A.M.: “Study of MSW Incinerator-Overall Operation and

On-Site Measurements Over the Grate”, STEV-FBT-91-14 (1991).

. Shahani, G. H., Bucci, D., Vincentis, D., Goff, S. and Mucher, M.

B.: Chemical Engineering, Feb.(1994).

Fluent User's Guide V4.2, Fluent. Inc., Lebanon, NH(1993).
Seinfeld, J. H.: “Atmospheric Chemistry and Physical of Air Pol-
Iution”, A Wiley-Interscience publication, USA(1986).

Flagan, R.C. and Seinfeld, J. H.: “Fundamentals of Air Pollution
Engineering”, Prentice Hall, Englewood Cliffs, New Jersey(1988).
Bowman, C.T.: Prog. Energy Combust. Sci., 1, 33(1975).
Calvert, J.G.: The Chemistry of the Atmosphere; Its Impact on
Global Change, JUPAC, Blackwell Scientific Publication, UK(1994).
Kim, S.K., Shin, D.H., Ryu, C.K. and Choi, S.M.: J. Korean
Solid Wastes Engineering Society, 11, 545(1994).

Chomiak, J.: “Combustion(A Study in Theory, Fact and Applica-
tion)’, Abacus Press, Gordon and Breach Science Publishers, Switz-
erland(1990).

Choi, S.M.: “Private Communication and Document for Contin-
uing Education Program”, KAIST(1994).

Kim, S.J., Kim, S.X,, Yoo, Y. D. and Choi, S.M.: J. Korean
Solid Wastes Engineering Society, 11, 619(1994).

Dellinger, B., Taylor, P.H. and Tirey, D. A.: “Minimization and
Control of Hazardous Combustion Byproduct” , EPA/600/S2-90/039
(1990).

Um, T.I, Chang, T.S. and Chae, J. W.: Energetika, 2, 54(1993).

HWAHAK KONGHAK Vol. 36, No. 3, June, 1998



