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Abstract — The combustion characteristics of anthracite, which follow a complex process with low reactivity, must be
considered through the dynamic behavior of circulating fluidized bed (CFB) boilers. In this study, computational fluid
dynamics (CFD) simulation was performed to analyze the combustion characteristics of anthracite in a pilot scale
0.1 MW,, Oxy-fuel circulating fluidized bed (Oxy-CFB) boiler. The 0.IMW,, Oxy-CFB boiler is composed of combustor
(0.15 m 1.D., 10 m High), cyclone, return leg, and so on. To perform CFD analysis, a 3D simulation model reactor was
designed and used. The anthracite used in the experiment has an average particle size of 1,070 um and a density of
2,326 kg/m>. The flow pattern of gas-solids inside the reactor according to the change of combustion environment from
air combustion to oxygen combustion was investigated. At this time, it was found that the temperature distribution in air
combustion and oxygen combustion showed a similar pattern, but the pressure distribution was lower in oxygen
combustion. addition, since it has a higher CO, concentration in oxygen combustion than in air combustion, it can be
expected that carbon dioxide capture will take place actively. As a result, it was confirmed that this study can contribute
to the optimized design and operation of a circulating fluidized bed reactor using anthracite.

Key words: Anthracite, Circulating fluidized bed, Air combustion, Oxy combustion, Simulation

"To whom correspondence should be addressed.

E-mail: donald@jbnu.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

417



418 2E A A3 A

1. M

rhu

At AE3lo]] QlojA A7]5= oA 2] 71 -3 FEI =, 2040
ol AlA A9 2= 2012 TiH] 69% S 0% oS5 1
UTE AEARI HY 470 9] TV A7 WEF SR o]of
A, LA7FAe] =5 ARl O, AA vlEH2] 65%F AHA
sk, g2 A Ssh sl se] 8291 &83 Co, 24 Y
A2 AT WSS Foled T IS shrh1-4]. wEt
A AR A QIFE AV WiES AFAI7)7] Y8l w3
T B SAkh A4 7SS AES SAk T8 By
(oxy-CFB)ell thgh A+ 5l AH-g-sh7} hakafi#] i JITH5-9].

AR Aa 7] 78S Ak ghE dhddel] 283 = gl
T CO, X7 7Rt B oS 743 Qlt}. A% 719
AeeE B3l 28 A1) W Co, £ H]E-S Fo]7] Wizl A
Aol N0 olrbsletAas fA Felsta 2348 5 vk &
A £33 B o5 Akanks o] 88h, 3]

A (ASUYE AHE-3to] AlAol FAE et Ak dAde=
& Aol "t REjEo] e EoA |

G2 A4z (thermal NO,) A/do] Att, 71491 &334
Ak A1 glol = 2] E8o] 7hs3tod, o

28] FE A EY AR Ert. gt Sk w s
A2 AR WA o] ol AdF dsE v €
S % 7Fs3FCH10-12].

sleElibd AellA] E8] ARSEIL Qe A ' b 'RE 9]
o|&EskaL glom oA AgAKE ] 7hs gt FA'Re- ' 2

° to] ARgFo] wkoLt ejafo} 5o w7tellA] -

Atk e s 2] AlFAIte] Akl
e WA R G A 0% o] o] W T, A'
ARES ¥ 8% o] &8 5 Qi}. wepx] AAA e B2
CFBC (Circulating Fluidized Bed Combustion) B & 2] E°f|A]
g 4g 5o 92 A Ve ARE o] fo] EuH 1
o Bgo] olyA] zpdo] 53 7t iR o m F5-e)
H|- &4 A| Q1 F-lgt, 4'ks dgsto] 247 =

i

o
i)
o
_O‘L
N

i
td
>,
N
>
=
F—.~ t:o
=5
o} Ks)
=
o =
(o]
o
— r>
lfi
~ P
=
{E 2

i)

o [UlO
2

o}

<

B
o

=2
o

1o o

g gy TH T

W
oot 42

(R hoJen

=

-
N
al
rlo
=
olo
N
=
-z
ot
ul
-
BN
Mo
_]>~
flo
o 1o
ol
>
il
v
°
> o

23

215 A5kl oltH14]. IEA-CFBC 2ES o] &
G Ak BY ATF[6)9) 2R mole]
R ol g3t 3k f5 %5 A $A Lo 2
[17], Eulerian-Eulerian 5 TS o]-8-3F A&
3l =2 AlEEol A 713t H3FE Asol A154
2} 22k aAdof] chgh A7 vhekalA) o k.
TUEO A EAS a8H 0w AlEH)AE] S8 MP-PIC
(MultiPhase Particle-In-Cell) "*1-8- 7]8E© & Sli= Bulerian-Lagrangian
zdlo] e glon o] a2 Ak FER-FSOlA 712 9 1
A 55 Sl AMEE 7P st o g ikt o8
= ST} 7134172 Eulerian ¥ 9] 18] =2 14172 Lagrangian

ot
2
zjl
)

> 2
s
&
£

B>
rQ

tE

H
2
g
ot
=
o
2ol

i
R
s
=

Korean Chem. Eng. Res., Vol. 59, No. 3, August, 2021

Walel 782 A4S = Eulerian-Lagrangian %2 €] CPFD
(Computational Particle-Fluid Dynamics) B2 ¢J#}8] 271} &
S92 549 A ofl Wt skl ARt AR 153k
AR 4D 1A SES v At A543 FIAIHT
[19-21]. Wu 5[22]> CPFD o] 7|A]-2La 552 B33 1+
A 8t 4 58 w3 EA-S p sk aAoly {EE AlE
ol Fo] | Ao oAd3s3itt. CPFD 712 ofH] A AlA 4]
o2 AFeEay, A, 2, 7kAs 3 T e o A
wolellA] theFstAl 285 3 3lth. Blaser 5231 FCC(Fluidized
Catalytic Cracking) RF-5-7] AFO]E& vIEE CPFD 7O 2 o5
star, Whg-719] 25 WA ske] NEg-719 mRE A ZTH
Parker 52415 Z&]H gl 52 A7l CPFD 7I'H& &3t
H&0o] O’Hern 5251 CPFD 7|$1& 0]43}0] CFBCS] 7884 &
A& AEJA A 3FSITE. T3 PSRI (Particulate Solid Research,
Inc.)oll41 = Jet Cup, Gas Bypassing, Stripper 917+, AJo] 28 &-H)
2~ (Vortex) {H4 3} -5 thefet G ollA CPFD 7= &85k 3
S NETL (National Energy Technology Laboratory)ell* = 7]
A5, &4 EF AT 5 o]9)el= VCFB R SollA CPFDE
F-gatar th26,27]. =rule] AL 9 A7) oA = RES7] 9
Trouble shooting 7l41, A&} |7 o] M3 Alo|EE22] A&, &
2 g3}, FeA AEEHE TN, A4 a S 5 CPRD 7S
o] &3ato] WH7] A5 ES s v A& st vk
[28-31].

Moon 5513 Diez S[32] <=3+
A7 2 HRAJ o R QlE) tHE <
T2 Y A4 o] W AR AAE e R s A
wol Ry x] okgkthy shink. gk A 37 9 oakd 230
A8 5 B4 A7 B7PE BN AA 122 A =
A8 5 5 1EE A Egit ek sk
A2 88k AellMe Aol He AnE2
& 3T B9 A77E D st ofof i Aol A= CPFD
b of] 7193t Barracuda®2] A8 AT E o] E o] 8310 =AkA
TS HAY ] A 24 218 15t FARke] AsS
siAstaL whe7] W S5a st
e Bde] -83kE S8k AR
=3 s Ao ® Todrt

2-1. X[HHEFYA!L 2 3I5} HES(chemical reaction Kinetic)

MP-PIC H W21 7Moo 2 7] 31 38 A%S dl4sl7] 26
ARE-EH= A e A2 Table 17} 2, A5, 55 4
2lo] g1} Wk A o] 55 AN 371 Ak
A8 WA S 7 Al $eH19,38]. 7 1AVt Al b
e AgS gy maE Aydnt YAt &8sk 28 ALt
k= &Y RdE= 0.01-0.72) 114 55F 74 Gidaspowel 9]
&l AR &Y Ralw A 5|43 A Hlef| AESE Wen-Yu s}
DT A|2Ele)] 238t Ergun 55 3 8k= WenYu-Ergun 5.

do] AFE-E T WenYu-Ergun 222 37535 B A2 oA

T M
o

oy

fol

r_{

r
o
0
1
g,

=
Geldart B % D 9=te] & sfjAlel g AR TH39-40].
CIRES YoM A daE AthE o R wE 250



0.0 MW, 7 #8555 ) Fole s AALRAe 2 419

Table 1. Governing equations for gas-solid phase [42]
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Table 2. Coal combustion chemical reaction kinetic [41]
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Fig. 1. Schematic diagram of the 0.1IMW,, CFB boiler.
Table 3. l()k;;)metry of the combustor and cyclone of the 0.1 MWth CFB Table 4. Simulation conditions for the air fired and oxy fired CFB
- o - Air fired Oxy fired
Section lCormponent Slze](m) Temperature (°C) 350
Combustor 2D1amete.r 0.15 Pressure (Pa) 101,325
Total height 10 herici 10
SHeight 1.1685 Sphericity () '
4 ? & ’ 5 Riser velocity (m/s) 5
SDlameter . 0.265 Loopseal velocity (m/s) 0.1
Vortex finder diameter 0.11 N
Cyclone Vortex finder length 0.183 N, 79 Ai 5
Inlet height 0.15 Riser gas inlet (vol%) o o
$Inlet width 0.06 0, 21 C(; 26
“Distance 0.1325 N 79 2
Total number of real cells 61,554 Loopseal gas inlet (vol%) 02 21 CO, 100
)
Coal mass flow rate (kg/h) 13.5
BARBHE ARl = A A 0 7 B 2 F Holuyp £ Caier gas Ar 100 CcOo, 100
o T Aglo] A2 R ol omlA ¢k wkgo] Agse x Tl 0
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Table 5. Proximate and ultimate analysis of the coals [12]
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Fig. 2. Temperature profile by height in air and oxy fired condition (a) comparison of anthracite and sub-bituminous coal in air fired condition,
(b) comparison of anthracite and sub-bituminous in oxy fired condition, (c) comparison of anthracite in air and oxy fired condition.
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Fig. 3. Temperature distribution of gas and particle phase in the CFB (a) air fired condition, (b) oxy fired condition.
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: particle acceleration rate [m/s?]
: drag model coefficient

: drag force [N]

: mean particle diameter [pum]
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: orifice diameter [m]

o]

"

: inter-phase momentum transfer rate per volume [kg/m’s]
: particle distribution function

: gravity acceleration [m/s’]

: riser height [m]

B M0 —

: mass [kg]
: static pressure [Pa]

w

©“

: positive constant for particle normal stress [Pa]

7

: Reynolds number
: radius [m]
t : time [s]

u : velocity vector [m/s]

Greek letters

o : volume fraction

T : particle normal stress [Pa]

0] : particle probability distribution function [-]
€ : constant [-]

0 : volume fraction [-]

p : density [kg/m’]

B : constant [-]

) : strain rate tensor [-]

" : viscosity [m%/s]

x : ratio of initial volume of particle to volume of agglomerate
Subscriptions

cp : close pack

eff : effective viscocity

i,j, k :coordinate index

p : particle phase

g : gas phase

Abbreviation

ASU  : Air Separation Unit

CFB  : Circulating Fluidized Bed

CFBC : Circulating Fluidized Bed Combustion
CFD  : Computational Fluid Dynamics

GHG : GreenHouse Gases
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