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ABSTRACT

Investigating coal combustion in a large-scale boiler using computational fluid dynamics (CFD) requires a
combination of flow and reaction models. These models include a number of rate constants which are often
difficult to determine or validate for particular coals or furnaces. Nonetheless, CFD plays an important role
in developing new combustion technologies and improving the operation. In this study, the model selection and
rate constants for coal devolatilization, char conversion, and turbulent reaction were evaluated for a commercial
wall-firing boiler. The influence of devolatilization and char reaction models was found not significant on
the overall temperature distribution and heat transfer rate. However, the difference in the flame shapes near
the burners were noticeable. Compared to the coal conversion models, the rate constant used for the eddy
dissipation rate of gaseous reactions had a larger influence on the temperature and heat transfer rate. Based on
the operation data, a value for the rate constant was recommended.

Key Words : Boiler, Computational fluid dynamics, Pulverized coal, Devolatilization, Turbulent reaction rate,
Char combustion

nrag

A, B: Magnussen =9 FX- A= kash @ 3 W FJEZF 7tA A S

Ap  HIE ‘?_11}(5'1) (g/cmz-atm s)

& AR AF(m) Mp : BAAEY EAF(kgkmol)

ko R 2Bl Ams) Me o §FEE©] E2bek(kg/kmol)

ks . 3}ek Hke- é,\—E(g/cmz-atm S) Per : Oy CO, = H,09 E<H(atm)

kar : 7k BHAF £I(g/lom’-atm s) P A ¢E¥(atm)

R : 984 % (kmol/m’s T g/em’s) Yr @ EREES A E&(kgke)

T @ 9 %K) v oo ek Al

Y 3 Zol/dAt H7Hl(m/m) e R S ouA 2AHE(ms)

Yo o AA4ES] AF B&(kgky) o U (kg/m’)

1.2
+ Corresponding Author, cryu@skku.ac.kr

This is an Open-Access article distributed under the terms of Aete A AT 40%E 2 A5 A AlA
the Creativi mmons Attribution Non-Commercial Licen 5 = = =
(h(t?tp(:://iieat?vggomn?or?s.org/})izer(l)ces/lfy—ncc(/)4.0)ew(}:liihpecr(r?nistts: A7) Akl 3?%—% Ak At %EO]%' sk
unrestricted non-commercial use, distribution, and reproduction AN S DA AR ZA FHU NGO H|sj At

in any medium, provided the original work is properly cited. £o] A3FH o] NOx, SOx L u]A| =} vj&fo] W



36 OFZ3F

°oT % *

W ohel £k wjEASTE b BAL
o ol Ql8) Agtash, nAR, HY A47lE
o Tst PR Aol o] ofx| ek,

Hekake] molelo] e AAREIH(CFD) 7|4
o Sabh Aok 2 N2 Qa7I%] A,
A} NOXBHS 6], vho] 2o} 28] EA[1,7], &4 %7
43i{8.9] 5] A7l slof o=l dhekg B}

oft %0 flo

(¢]

ST %S dlEshe oA Beut ves
Qlaof gt sl AuEgAel Aok SEk
7, olU A, kel HEAo] A& AAE] QlaL, 7t
A= dat, Aeda, 7tAEks, BAMEHY 5 ot
oFst AR dlo] AASH(source term) O 2 A 2 J&F

& Sl dlek shepd A n 29 g s
W5 A4 QegEd A A4z 59 4
A5 4ol Wasieh Ley e AT (2
N T PRE g
B ol Q7 58 5 ug £9)710) o8
7] ol 48e el mdole ol 42 o
o w0 o] A9 AHes nY 9 ez
A0 B A% 5 e ASHRI} F8) 2
b} whebA] CFD 8)4je] A2, 28 A7 52
4 5o Zuold 44% md A% L A5 2

Aol 414 get

Andersen G- AR Ao A ZRA RES H7HY
Z £ Jones and Lindstedt mechanismi} Westbrook
and Dryer mechanism®] v A5 4335} TH10].
Xue 52 AHA 759 enclosure fireo] tfj3to] o
FA9Q] 7} vk Q] Volumetric heat source model,
Eddy break-up model, Presumed PDF model-S H| 1.5}
ArH11). Sel A 4 ol WA Fro| daz
SAolA S 9 ek melo] uAE dare
H7beheleHI2). SHAR A g o] et o4

off ool S WS, 2 W, hA g melo) of
B AU g A g,

3 QAT olpg malejo] diat CFD 148
Aot oldl 28 5 et 3 71 g 9 Y
o2 1 Qe Brlels] 3t Aok ol g8 =
A 2RF 500 MWet Tk B E o
2 Aeb eser ) 2 uke md 7hA ur
R4S WL A4 ek el
SRS EAs ew Bmo vy
sk eAl el vl wste] mule] 3
Atk

o
Jud

ﬂ#m
u*mm

ﬂlim oftt

L
at
Z}
ez}
=
o
=

e b @ ofN ox £

—Orl" 1o g FL
FEE

2. 97

21 A Hely
Fig. 12 3140 AL§- 500 MWet =
o 725 pehdl Zlolch. WA AH 2

HEEH
oHd

]
(]
3
2
o
3
=
»
I

= < & ---OFA3
H s ~" OFA2
=| = O

--- OFA1

BN3 -
BN2 -
BN1 -~

Fig. 1. Schematic of the opposed-firing boiler at 500 MWe
capacity.
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Table 2. Reaction rate and effective partial pressure of
char conversion model

Reaction Equations
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