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Abstract—The numerical analysis for the 7.5cm I D. atmospheric lab. scale fluidized bed coal gasifier
was conducted with the bubble assemblage model for gas, the population balance model for solid, and the
basic coal gasification kinetic equation in the form of power law. The mole percent of H, in the product
gas was 10-30%, that of CO was 5-20%, that of CO, was 6-12%, and that of CH, was 2-4% with variation
of the simulation condition such as temperature(750-1000C), air flow rate(1.5-5.0 kg/hr-air / kg/hr-char), and
steam flow rate(0.5-2.5 kg/hr-steam / kg/hr-char).
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Fig. 1. Schematic diagram for the fluidized bed gasifier.
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Fig. 2. Flow diagram for the numerical solution.
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Fig. 3. Carbon conversion for batch system.

30 L 1 T T
A H
5 - z .
®:CO,

e 0 C W:CO
'é 2 v:CH, -
c
=
+— 15 ’_‘_\ |
‘@
(=3
[=%
£
(=]
© 0 - 7
(2]
4]
@

5 _ ’_—‘_\ |

0 L 1 1 1

.0 .2 .4 .6 .8 1.0

Char conversion
Fig. 4. The composition of product gas at various char con-
versions.

Z ) ZAQIA F1E HEA R 12kg FY3R
%7} %38 433kg/hr, $27] S22 118kg/hrE
FAE A A (19 olste] Qdankg, FE7MHE,
CO, uhg-ol 23t ub-g-A)7kd] W vaidss &
2% 800-1000T7}#] Arsiww Fig 33 2}
AYHog g2l Zr7lEd4E &) el
A0k 2ol GFE whgdw o} Wby} atol|A H
o} 7t et A sge] Wl Mg APArIAe] FE W
sh= Fig 49 7] 2+ %iﬂf&-%oﬂ tjale] & of 3o
A debdel o] e $52 Me shas ukse] A9

2181335} 30 HM3E 19924 63

- &2
a L3 1) L] T T 1] T T T
T 2 i
5 o feed char
- & bed thar

S 15 ]
a

s 900C

£

ot

S

S 40 | -
A

©

a

~N

& S e

1 1 1 L 1

c e L A
.00 . .04 .06 .08 .10 .12 .44 .46 .18 .20
Particle size , cam

Fig. 5. Size distribution of feeding char ad bed char.

1.0 T T T T4
8 F E
o
2
o 900C
[ AIC=2.85
e 5F S/IC=0.78 Ny
-
Q
2 o feed char
-~ 4 -
B 4 bed char
2
[=}
=2
(&)
2 -
] i 2 1 L 1 1 1

.0
00 2 04 .06 .08 .10 .12 .14 .16 .18 .20
Particle size , cm

Fig. 6. Cumulative fraction of feeding char and bed char.

g Ao AdE FAFEEA v 1A emul-
siond W olFo] A7k A F=& AMsr] o
Foln & FEe] 078} F A ¢ 3 W & F=v)
oAl ng ' w74 2o 4%FE ¢ we
HAog o2&}

3-2. & W Xl 37| 2E

AYH F EHOR 37| ¥ 433kg/hr, $37)
3 118 kg/hro} 2ol 915l & Iz} A7) B X
g 2= ) 92k =27] ¥E7} Fig 59 veh} gich

AAH oz ghgol o3t glz} 3717} ztolA] & A
+ & F Sivh A A A FA E85 Fig 6ol
Jeldigled, 7o & d=ke] 33 g7l 0.6 mms
o}t 2 U YAt HE Y7L 0425 mmE el



FE2 4% Ahan B1e7] SAHY 363

Table 1. Various correlations for simulation

Table 2. Effect of effectiveness factor on the product gas
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Fig. 7. The effect of bed temperature on the product gas
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Fig. 9. The effect of steam flow rate on the product gas
composition by simulation.

st %S Jehglth o] AL uhE 257} 3o

FE Fgursal FA7F2s ukgo] 2alEe] CO,
H.8] §-r3Fo] 7184 Ad12].

F7] gl o E A4 vl 24 H3E Adduw
Fi% 83} o] ‘el H, CO9 #A$ 371 Fz9
7%l w2t F24 % A4 dahE el R 9k CO9F CH,
o AY v FFadhe FEE Jeiddh

FolEs FE7% e 44 71 24 W)
g EA ez 850T, 7% 3329 o Fig 9o glEd),
FF71%0] 371845 H,, CO= 37135k3 CO, CH:
ZAadte S Jepligdch "AAoz wbg =27
i shol| web A7 AE Hy(10-30%), CO(5-20%), CO,
(6-12%), CHi(2-4%) 9] & 5% =A WS el
et

F a4 3}A e 4] bubble assemblage model2] =
25 93t 55 s 8¢ dslubsr)= st
HAEIR 2, WS-8 HARe] 75emE {55 A
M RE e 712377 AA HHS7] AR 2 His
slugging F4-& Yell« 21& 4 A 4A =Hdoh

3-3-3. Simple two phase model3}2] v] %

53 k27 4 E Sl B £F79 5do]
Alar=Elgich. 2] bubble assemblage model®] 7%=
3 W =olel ue} 712 A He] Wgsh= 7S wed
zdolu}, two phase model?] Z$ 2 WellAe] 7%
2 Ae HF HAE Fstn HA /2 EA4E HE
7IE AAE 71FoR AslsleE Aelth



F53 A 7k g Ay 365

30 T T T T T !
1 Hy 900°C
s : gg A/C =38 4
v CH: $/C = 0.78
ﬁ ———- : tubble assemblage sodel -
E ok 0 T : simple two phase acdel {CS! |
c
2
2 5t 1
(23
Q
(=9
£
(=]
< 4ot B
[%s)
33
[4s]
! %
o N
s " s L ! 1

0
700 750 800 650 900 050 1000 1050
Bed temperature , °C

Fig. 10. Comparision of bubble assemblage model and two
phase model.

Two phase model®] A% 7|E 3} o3 Ao
0¥ SHEY s5Edy Fen AERYR N
F ded, 97 7|2 odWHgs hdES
3Eog 7+¢¥ simple two phase model-g 43
7459 84 ZA3E Fig 106 vjehg]ck

AAH o7 CO2t CHy9 7% bubble assemblage
model®} simple two phase model®] AAA|7} & 2}
o] & vietA] ¢f9teovt Heol CO2 79 simple two
phase model& 4% A7} ¥= F71 dabo] e}
= g o 4 )k ¢]712 simple two phase mod-
eld A% F# 71X A& M85k, shiel 7|2
e o8 7HF38ln 2 bubble assemblage modeled]
sted 712 AL H-u]7} AR oA o2 A EH=
A 7hzhA| o] o] ZrlEER ok AlEb shas)
3
o

N

L

= gakEo] CO, H, %9 27} d44 Yepl e
2 #4& 4 glth ol9} 2] simple two phase
model®] 7% ub-e7] M FAXE AAFEE A
gl uhg-7] ol frelElA o] &-¥ich

2,

4.4 B

A $A7)E AT R 7hast s Y
A B AFEE Aehs) Aek ks B T 2NE
£548 $52 A8 rlash uhgr) SAR ) 483
4 ek HE4 AYAA F A8E 067 HE

A ke e B WSS G BA Yo £
TA IR Rp2e) Apasiale) Babe) 3 FAR
& qlsdet.

ABY|E
A, :orifice area [cm?]
C : concentration of gas [mol/cm?]
C,  :concentration of gas in the bubble phase
{mol/cm?]
C.  :concentration of gas in the emulsion phase
[mol/cm?®]

Ds  :equivalent spherical bubble diameter having
the same volumes as that of bubble [cm]

Dsy  : max. bubble diameter due to total coalescence
of bubble [cm]

Dgys @ max. stable bubble diameter [cm]

Ds, :initial bubble diameter [cm]

d,  :particle diameter [cm]

d, :orifice diameter [cm]

F., Fy, F; : feed rate of solids, outflow rate of solids,

and carryover rate of solids by entrainment,

respectively [g/sec]

: feed rate of air [g/sec]

: feed rate of water [g/sec]

: ash weight fraction

: char weight fraction

: Galileo number, [d,® p,(p,—pe)g/1?]

: acceleration of gravity [980 cm/sec?]

: height of jet penetration [cm]

: height above the distributor [cm]

: elutriation constant [sec ']

Ki% : elutriation constnat [g/cm?-sec]

K  : coefficient of gas interchange between bubble
phase and emulsion phase [sec ']

K. :coefficient of gas interchange between jet and

ATER o Fppm

emulsion phase [sec ']
Ly  :height of a bubbling fluidized bed [cm]
L.; :bed height at minimum fluidizing conditions

fem] .

Ly  :length of node [cm]

Iy : number of orifice on a perforated plate distri-
butor

P : partial pressure [kPa]

P, P, P, P, : size distribution of feed solids, outflow
solids, entrained solids, and solids in the bed,
respectively [cm™]

Q,  :bubble flow rate [cm®/sec]
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R : gas constant

R, :radius of bubble [cm]

R,  :radius of cloud [cm] ,
Re,s :particle Reynolds number at minimum fluidi-

zation condition, [p,Ud,/p]

R;  :reactivity of i component gas [sec™]

R :rate of particle shrinkage [cm/sec]

r : radius of particle [cm]

T : i radius of particle in a mixture of solids [cm]

I : radius of particle [cm]

T : temperature [°K]

t : time [sec]

t : mean residence time of bed material [sec]

U : gas velocity [cm/sec]

Us  :bubble rising velocity [cm/sec]

U, :minimum fluidized velocity [cm/sec]

U, :velocity at orifice [cm/sec]

U, :terminal velocity of a falling particle [cm/sec]

Vi, V., V., V; : volume of bubble, emulsion, cloud, and
jet phases, respectively [cm?®]

W :weight of bed material [g]

Wy :weight of volatile [g]

X : conversion

X, : conversion of volatile matter

az|0jx Xt

& : fraction of bubble phase

5 : fraction of jet phase

&w :void fraction in a bed at minimum fluidizing
conditions

" : viscosity of gas [g/cm-sec]

p : density [g/cm®]

O : sphericity of a particle

PR X}

Co :CO

CO, :CO.

H, :H

H,0 :H,0

f : fluid

g : gas

o} : solid particle
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