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Effects of coal devolatilization model and turbulent reaction rate in

numerical simulations of a large-scale pulverized-coal-fired boiler

JooHyang Yang®, Jung-en A. Kim®, Changkook Ryu*"
ABSTRACT

Predicting coal combustion by

computational

fluid dynamics (CFD) requires a

combination of complicated flow and reaction models for turbulence, radiation, particle
flows, heterogeneous combustion, and gaseous reactions. There are various levels of
models available for each of the phenomena, but the use of advanced models are
significantly restricted in a large-scale boiler due to the computational costs and the

balance of accuracy between adopted models.

In this study, the influence of coal

devolatilization model and turbulent mixing rate was assessed in CFD for a commercial
boiler at 500 MWe capacity. For coal devolatilization, two models were compared: 1) a
simple model assuming single volatile compound based on proximate analysis and ii)
advanced model of FLASHCHAIN with multiple volatile species. It was found out that
the influence of the model was observed near the flames but the overall gas temperature
and heat transfer rate to the boiler were very similar. The devolatilization rate was
found not significant since the difference in near-flame temperature became noticeable
when it was multiplied by 10 or 0.1. In contrast, the influence of turbulent mixing rate
(constant A in the Magnussen model) was found very large. Considering the heat
transfer rate and flame temperature, a value of 1.0 was recommended for the rate

constant.
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Fig. 1 Schematic of opposed-firing pulverized
coal boiler at 500 MWe capacity

142%= FAEY, nddze 2524 MJ/kgol
A z2He M%4m3m&<%%%1n7
MWth), #¢ F71H] 10% (F F7]¢%F 4215
kg/s)ZA 7} WY OFA XES 7] #%
S & 5119 =Eo AAE e ALEEA
o}
Ak 23
-CHAIN[2]3} <=

LI

1:!]

=R =1Ke)|

w2l FLASH
Ao F ZhAel i dF
3 7katdth, FLASHCHAINS A&t Y ES A
ZIwkstol Mg 4z A7) B2 o8

=1
wEEuthﬂ@*E%4

al

o9
=

1=
o

© ooXx 1

R
i

>

N F—\l

il |
o T #

ol
s

I -
fll

-

M

B

%%11&4 A A
H2HE o w©HaA | <] gt
shite] P §‘rﬂé(CHO
=2 stAl "ok AA R
10" K/s 502 % o} ¥g#49 3
(265 % X+ 309 %daf)el w3l 3¢9
o] Z7FsHAl = +=dl Table 29+ Z°] FLASH
-~CHAIN=> 46.78 %= o &3ttt o] <l& F
WRo HE] WrSEETF w2 Feo] FEko)
"ok 7 g3 2de Yy 2A9 gy %EH
= %Eﬁifﬂ GdEFE FAG AA spARY W
dF Lz Y5

239 £ = single-rate model2
t}. FLASHCHAINS %3 <34
Ap =5799 s7!, E=33.08 MJ/kmolo|t}. &
w9 9 9 Ap @l 247 10, 012
AAZ ﬁ-"r% F7tste] vlaEgiTh

# Rkgo] Ae vgF o] Abshuh(ClS
COs, HyOol 9]?‘5} 7238 (C2, C3)ez A4
3}al,  Unreacted core  shrinking  model

[¢]

r

m&
ot

i
=

ox AL o [o X

3

F

9,
i Mo A

¢

N
-

NiS

~

o}i o 1%

ol}
L r}o

e

L o

o

it

Q]
=

4g5
3
Ep

FHatel

=]

gul

LTy o
mmﬁ

Table 1 Volatiles composition (wt.%daf) predicted
by FLASHCHAIN (Tar: CiH,O.N.Ss)
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Table 2 Summary of models and parameters
tested (italic: reference values)

Models/Values

FLASHCHAIN,
Single volatile species

Parameter

Volatiles composition

Pre—exponential factor

(Ap - 5799 1) | ZA» O-1Ar, 10Ar

Magnussen constant A|0.5, 7, 2, 4
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different values of Magnussen constant A
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