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Abstract

In the present study, a multi-phase chemical-reacting flow
simulation model has been developed for combustion and gasification of
pulverized coal in a fluidized-bed gasifier based upon the commercial
CFD software, “Ansys FLUENT”. The simulation model includes the
physical models such as: k-¢ turbulent model, thermal radiative model,
chemical reaction, and the kinetic theory of granular flow. The visualized
flow field of a fluidized bed has been successfully predicted with the
influence of the bubbles generated in fluidized bed on the flow field being
investigated. The results show that bubbles which are first generated near
the wall carry particles toward the center of the reactor. Then, bubbles
rise and grow in size. The bubbles burst due to drag between solid and
gas. The particles then splash down and make the bed surface near the
bed wall fluctuated. However, the bed surface maintains relatively flat at
the center.

For Chemical reaction mechanism, homogeneous and heterogeneous
reactions were determined by the Finite rate and Eddy Dissipation. The
results show that heterogeneous reactions take place in the lower region
of the reactor. When concentration of oxygen is high, the combustion
reaction is dominant. After the exhaustion of oxygen, the C(s)-CO, and

C(s)-H,O processes become important reaction.
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Fr - BRSO ET ) WA T ORRE R R SRR AR fe 2
WEES F TG o Tt o AFT R R R IR T R f T2 W
pgitdz - VR ARG EERERA 1T O 0 A g

B R R 2

\\\?{r

R

BFH
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S L EEER

g AT Lo ¥ * Bd-% £ (Eulerian-Eulerian) 2 B -3 12

% (Eulerian-Lagrangian) = /27 7 5 4p i B 3 o Bf-P B9 & 2 2 #q
AR S 3 A% E 2 @ 4 % (Inter-penetrating Continua) » ¥ #
Navier-Stokes Equations -f% ; 40 B4R 5 3E4c4p > @ H 7230 % f| 12
PHRIBZRXERL T T 50 BEF BHE-BREZZRI K5 P2 Fps
MGG TES AR AR R F AR FApY K fR o 2
- ApAT IR AR R LAY b - AR iRy o wA M AR A SR g
LARZ AR F 2 B E Lod WM R LY T EERS
FRT BRI E S BRF R RLPE TR T AL R
2% A % 50l FLUENT 1% god-fode = 2 &8s G §F M p2

SApmaE 2 o453 o 7@ % H ¢ e EBulerian Model A i 8 1L B 2o
FAR RS B R AR SRR S T AR S il R R R o (1 -
FnE F A0 ke KA ARIT 0 FIARAR & REAE ] REAE 4 G 3E

5 3 v 12 4y it (the kinetic theory of granular flow) °

- R R E

Ik

FAEFA@EARE) 6 #2 FFE - BR RENZ SR
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f2 = 425 [39]

(HFEE
5 .
E(agpg)+v-(agngg)=Msg (1)
0
at(ap)-i-v (apV)——mvg 2)

FAemA (EFH)

P

Pe=
=2
MZM;

3)

Ny
T

a - WA B
VoI oF iP(FIAR)E K
pLRAR

me t EEART F AR TR

2( .. g)+v (VW) = - VP +V e T+ aupug + BVs V)

(4)

%(ap?) +V - (a.pVV)=—-aVP+Va. tc+apg—BVs—V.) (5)

21



B o7l Ak
B AR Z 2 He Tk
VP, 53 di g = 2 FAp R 4
As ¢ REAR AR

Us - ] %ﬁ%&ub‘_

_ 2 _
7o = e[ VVe+(VV)'] _gagﬂg(vVg)

T = aus[VVi+ (VV)'] —%ax,us(Vﬁ) +a.As V.

//Is = ia‘spsdsgo(l — e)(g)o‘s
5 Vs

L U+%ﬂ+@gmf+%aﬁMMH@mﬂgf5
T

B (1+e)go

As + BRI
O KRR (m/s7)
L e 1 e

ps.a > A4k (Dilute viscosity)
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(6)

(7)

(8)

)



Qo LR A H Sl

=[1- (-7 (10)
s, max

(Z)3pki B

¥ J& ¥+ 8 & (Granular Temperature) & jB| £ fF i & &

(Fluctuating Kinetic Energy) > Z_ & 3% ¥ & & O (Granular
Temperature) -
12
O = 3V (11)

Byl FWRTER > A BEEE R T 323 & (Mean Velocity)

™1 % & 77 i B (Fluctuation Velocity) % 7+ © V.=Vt

(= )F R8I T # 5 2 = 27 4258 (Conservation of Solids

Fluctuating Energy) -

%[ (@.p®)+V -(a.pVs-O)] = —~(Pd +a.ts): VV.+V - ksVO — y (12)

B¢ (Pl+ar):VV. ¥+ #rivz s g R A E 2 4

7~

V. kVO | FEt i B (k 5 #Fic )
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y o P ELR i A R A BT A

kain 6 ®
ko = 1+—(1 o]+ 20 pds(—)* 13
(1+e)go[ +5( +e)goa.]” +2a.’p (ﬂ) (13)
TI5\ ®
Jeain = di(—)" 14
dﬂ3mp(£ (14)
4 0 —
y=3(1- ez)a.vpsg()@[z (;)“ ~V.V] (15)

(T )F-F B2 4 2 $ e

ABEAHY o FARE R AR FE A [41]

a>08pF :

p=de eVl (16)
a<0.8FF :

ﬂ=150(1;i)2”g+1.75pg“5|?_ﬁ| (17)
H o

Re, = 2241 T (18)
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¥ Re, <1000 ¥ :

=22 (1+0.15Re,"™") (19)
Res

¥ Res 21000 pF

Ca=0.44 (20)
(=) F o ficst

Foeoh Tt kK BH TS ¢ 2 @ﬁ%ﬁ #2 ;% (Mixture Turbulence

Model) :
0 I Him
a—(pmk)‘f‘V(pmek)ZV( . Vk]‘f‘Gk,m—pmg (21)
¢ o,
6 g /'ltm &
5(pm8)+V(pme8)ZV( - vgj'F;(ClgGk,m—CZspmg) (22)

FQRDEQRD)Y 2V ~pEABREER CREBAE > T LT
Fez
pngaipi (23)
. zn:aipil_/;'
- (24)
;aipi
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M /%‘/;:‘L;f?\!"}i /ut,m :‘%' :

2

/th,m = meﬂ_
&
}:/:"‘gﬁ 7;‘; Gk,m ,:‘;3 .
Gron = 1y, (VW +(VVa) ) : Vi

MOE ORI Y T 2 AP RE S g ¥ BcheT™ [42]):

C,=0.09
C, =144
C,, =192
o, =10
o, =13

%(agngg) +V (@epVeHy) = V(AeV Te) + Qs

%(aépng)#—V-(a;psﬁHé) =V(AVT)+ Ose

Qg‘\‘ = —Q‘\‘g
M Q¥ d T FNBE

ng = hsg(Ts - Tg)
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(25)

(26)

(27)

(28)

(29)



]’ls‘g: 6kgasggNus (3 O)

(~)# 45 &+ (Radiative Transfer Equation) :

j 1,5 (s -5 ) (31)

dl(;’ 5) +(a+o0os
ds

bR h BN Y o EE/ AT Y 2 P-1 Model ©

(A)F P FREZ S f250

S(p a'Y!)+V-(a’ V'Y ) =-V(a' T )+ 'R +Z(mm, — M)+ R
p=1

(32)
He o ROL QAR IS LEF 24 A F
m') Zm 3 ed QR pAp o AL JEIFZ FEES
R 7w RAPF a2 F ik ¥
a' F % qip 2 WA F
Yi' & QAR 1A A 2 %‘rﬂ/\“

Ji=~(pDin+ £V~ Dm%l (33)

Ct

';‘E"El Di,m,;\ 2N \17%5{14"3{
RN ST
My % ,? I 9 ,:‘i 233:
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S, & % % ¥ # (Schmidt Number )

() FF s

#-i¢ * FREDM(Finite-Rate/Eddy Dissipation Model)#:3] %F ¥ it %%

YR W HF BRI %R (7 AL o & FREDM HC3] P - B F Jid 5 €4k

TR E gl DBt PR St SR TR A F 2P
BAEPCLE SRR RN AT Y A CRRES

BRI BEF BE S > &Ry d 2 TR o ER
FIFyEETe A2 R ot e me o gipe 7 O
CO~CO2~H0~N2~Hz; F4p & % Char ~ CaCOs(H ) ©

He > Flgste g A T BRipF REZBEAPF K [45) 2
F A BROR R T R it AR FIR T ERF Y AR
éﬁ%ﬁ%’iﬁﬁﬂéﬂﬁﬁﬁ%ﬁﬂiiiﬁﬁa,%&@ﬂ}

PR o F B2 T RF MR F F AR AR § 1 F AT

CiooH 011N, sess +19.20, —18.9C0O+30.5H,0+0.733N, (34)
co%oz 5 co, (35)

CQ—»CO+%Oz (36)

CH, +20, — 2H,0+ CO, (37)
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1
H2 +502 —)HZO (38)

CO+H,0=CO,+H, (39)

BNGHY ZE S ATREAL ZHFEP TR §

(Oxygen Rich)z. T fiTF J& o

|
\4-
l
SN
;?cs
%
hasy
ey
h
m
d‘f
(=
o
i

CE M - F CREREF e REFEe 2K FHEF R 43 (39)

e R ERMA AR PRREF L F BB HF RS AT
C(s)+ 0, »>CO (40)
C(s)+CO, »2CO (41)
C(s)+H,0(g) - CO+H, (42)

-~ ~FLUENT ¥ 2 - 5 #7325 H

Zyp b itz 3 473N 0 2 422 FLUBNT © 3% 2343 §03) » 2o
3-15 FAAp(% = 4p)2 7 E - Al4c 4 3-2 5 4p 2 B > 3 1¥ % (phase

interaction)4r# 3-3 o

29



% 3-1. &5 #77]

5 AR oA Eulerian Model

p I s il k-epsilon(dispersed)
1 511 P1

CEF FREDM

% 3-2. BAR(F = Ap)= 8 HEE

%f k- Ak 14 (granular viscosity) Gidaspow
8 7 4k & (bulk viscosity) Lun-et-al
$p ok 8 3K 7% fc(granular Gidaspow
cinductivity)
F48 & 4 (solid pressure) Lun-et-al
j& e & # (radial distribution) Lun-et-al
%33 P2 (e
Fe 4 % %c(drag coefficient) Gidaspow
#u @ 3 7% #ic(heat transfer Gunn
coefficient)

E Ry i A

AT 2B LB A LY B L 29695 kCalkg > H <
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Z A8 E L4740k 34 91T o

%34 Bz Ag s £447 [44]

~ % A1 Wit%
C 75.3
H 5.4
0] 1.8
N 15.6
S 0.4
1 ¥ & +7(DAF) Wt%
Volatile * 41.8
Fixed Carbon 54.1
Moisture 2.6
Ash 1.5

o~ M-Sl R R

AR TR B h 32 A % Ocampo F A AR SR 2T
Bl44)e 258k 3an oalie BRld RIFar > §F s
kG - L 2K 200 24 o pPr EAE22 24 0 A RIEEEK 4

Do B S RAL Ao - T e

AT ET 2 B R o B F RV DR 200 24 0 p R
BAE 22 2 RIFEIE 6 oA RIEE 6 28 HARA KR 3-1
i [43]0 2 A RS R AGRE 2 2 G MR i gy
Pl TR 2 e doB) 3-2 2 B 3307 4k (FiE 240k 3-5[44] -

R FE R 360 m » v iEReoR 3-7
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Only gas out

Fine
particles

e

Coal

ir and Steam)

Air and Steam

B 3-1~ Rk 4 pr &8 [43]

W32~ AR 1R F 1 et

@ O

B] 3-3 ~ (a) air and steam inlet *» & [ ;(b) coal inlet *» & [
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% 3-5 #ivig e [44)

Coal (kg/h) 8.0

Air(kg/h) 21.9

Steam(kg/h) 4.7
Temperature of air and steam inlet(K) 695

% 3-6 @Kkt

air and steam inlet mass flow inlet
coal inlet mass flow inlet
outlet pressure outlet
wall no-slip condition ~ zero heat
flux
437 e T ipid
species
Air and Gas 0.007361 | 64.4604%N2 ~ 18.1811%02 -
steam inlet | phase(kg/s) 17.3585% H-0
(695K) Solid 0 0
phase(kg/s)
coal inlet Gas 0.00102 | 91.0675%Vol ~ 5.6645%H.0 -
(300K) phase(kg/s) 3.268%ash
Solid 0.001424 | 84.3994%Char -
phase(kg/s) 15.6006%CaCOs3
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B Bk
— S UnHIR R

RETRIRA > AFET P WS A FE R R FARLT
T IE ST R/ A IL A1) Sl < s DI el 2

AFLEERRT 0 FIEER HITA L o RF FRT &b Y
S RET e P HBE o FE AL R e TRF R 0 TR
s RPKAB AR o @ R TRINY SRR R RG T HE o LI
BoinHrZ g B o

Foe— Bind BEa T A2 0 T AP B iEaT KA BT 5
R Em e Mg e g FIGEEFRD A e D BHA 0 4oB] 4-1 (2)(b)
2 {42 )by a s £4 BEAL » T DFPE R AoF4-3 ()(b) -

FoEwEN IR A AN RN RARIMEERTA D ewe? SR

Il

W41 (O » Alpd BEXF: FemHAL T 28R
Yo 4-3 0 ptis o b AR GRBIR % w2 o B x=0 7o Z KR

B R GIARBITTE 4Bl 4-1(e)Demd y=02 5 g2 (B 4-3)>

1

TR TN A R S A F X0 2§ Ap

Vel o VAT R /?1" VO 8 }i%%’;éﬁé@ﬁ@} o
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fos l 3
!1_ b

—

@ ® @ @@ & ¢
B 4-15 X=07 6 2 & p¥ 2 AR a0 A & 5 )
(2)0.4;(b)0.6;(c)0.8s;(d)1.0s;(e)2.0s;(£)4.0s

@ m € @ @ o
Bl 4-2 > y=0 7 & 2 & B 2 A A A 5 )
(2)0.4;(b)0.6;(c)0.8s;(d)1.0s;(e)2.0s;(£)4.0s
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| (a)l (b (.I:) @ (e £
Bl 43 x=0>% 2 HipE &+ 2 H
(a)0.4s;(b)0.6s;(c)0.8s;(d)1.0s;(e)2.0s;(f)4‘.0 S

Bl 4-4 5B 4-5 2 Bt F P2 FAP & X075 F 2 fhe @& R A
T ABREMZ REVERINIGEF S HAE RS R > 7 E_
Fla gz e m e ad S hdfA (/R=0) d 3+ F jew il

”

AP PR Y CHhER o Y oihiE RIRE B RIT- 2% o M

WP F 2 AL T f e An 3 RAGMRES PR 18R Y
1.3~1.4 2 % e B0 m FIMIER IR S FMER B R 1.4 28 1Y

a0
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3.5 4+

w
sl

Gas Phase.Velocity [ms~-1]

— rR=0.5 — rR=0 —— rR=0.5

Bl 44~ x=0 *» & 2 § Ap s & B A

05~

=)
o
1

=)
w
PR

=
L
Lok

Solid Phase.Yelocity [ms~-1]

0 i T T T T T T
0 0.5 1 1.5
I[m]
= rR=0.5 = rR=) —— rRa=l.5

Bl 4-5~x=0*7 % 2 Fipdhe & & o F

B AR BhARiE B A T % B0 2 1t 8 4oB] 4-5 2B 4-6
Bordpz » v RICAAPE T AR R R A F L
AR oo RIS Y RRF AR TR RN A ATY 2 T R P
B IR R oo
TR R A GRS T EEE AR T ELEBRRNS

13~1.5 2 2 s » @ 2 P E 1.4~15 2 2 o
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Gas Velocity (m/s)
Ié.)

0.0 0.5 1.0 15 20
Bed Height (m)

Bl 4-6 ~x=0 7 & 2_ f fpfhe iz R & 7 [45]

Solid Velocity (m/s)
P

0.5 4

0.0 4

r/R=-0.5
r/R=0
/R=0.5

0.0 0.5 1.0 1.5 20
Bed Height (m)

B 4-7~x=0*>wm 2 Ffpdhe 2 B2 7F [45]
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- R B F

VR RIS FREFUFEALE BRESIN LT o B 4-8 2 B
4-9 AU EZFFFEZF PR Adhe (X20 22 6 F)2 A F T B

4-10 # 1 C(s)4p B 2 & it 5

d A mRg A AR B A R E BT L2

FREF BT RE ) LA T d BB CO)L A A F i

12

~

Pevd 0 4eBl4-9 2 Bl 4-100 BApF B A 2 R ot g bpT A

2.73e-02

1.82e-02 8.69e-05
9.09e-03 4.35e-05
3.17e-22 0.00e+00

Contours of Mass fraction of 02 (gas-phase) Contours of Mass fraction of c<s> (solid-phase)

Bl 4-8 ~ O, A& {7 B 4-9 ~ C(s)4 i B
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BLEF F A0 T3 00y fIRRES A EFESR LA

>

FF2ZERFAHE TG > ©d F 5 A TR C(s)-O, ‘- finfs » 2

WS HRETE FHERIEF I F F ELRCR T I F

-

R ETE DN 4 5 peh > d ) 10-(a) ~ B 10-(b) ~ B 10-(c)= & £
B FRER 48 F F AR 7 of fRRRE L RERES

PR B

W
Ead)
P

\
falk
[
i
5%
(\s
Sl

}@g lﬁ.ixif‘r ’ ,3"]

1.31e+00 4.69e-07

9.84e.01 3.52e.07 3.62e.07
6.56e-01 2.35e07 2.41e-07
3.28e-01 1.17e-07 12107
0.00e+00 0.00e+00 0.00e+00
(a) C(5)-0, (b) C(5)-CO, (¢) C(s)-H,0

Bl 4-10 ~ C(s)1p M 2 F Jis ik 5
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MF i FAGE N BASIF RE A2 R
ABFCR T v Rz MERBARE L REF od BEEF A

C(s)- CO,» & C(s)-H,0 B 425 B o

() C(s)-0 3 (&) Cls}H 20 (€) C(s)-CO 3

B 4-11 ~ C(s)tp B 2 & Jei# 5 [45]
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AFy B R4 B 08 Ansys FLUENT 5 2L # > & = jngg i
B T AATHCAl o R R A AP RIS 2 R
FUEBETARMSAT > B AFTHET FehADL e HInE PR
Bz g itigp IRt B E g o AP F e 2 1 FH P o fE a2
DF A RPHEEED S AT HCT R 2 F T B AR SR
Feclhal K SRR S TRER NS =Rl SPIE R RN At i%'z'i’vlfkb'- ¥z E R
ﬁ$ﬁ¢%”%°%%€%9ﬁ%T:

LT L YA

l. Fig ¢ ARG "iTA2  RFIFLFEID? CRLEIw L H
Boo g oA R FIRAA T HRERITEEFR o K IR

CERFL R ARG T

2. FRPEFATRETZEABBRYE 140 B RBANE

-
(\s
;gn‘\
i

E 142

3 TR ILDE

[—

PR RE2 GF BT A0 F FIER R RS REF
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