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Coal gasifier is a key component for achieving high efficiency in integrated gasification combined cycle and indirect coal
liquefaction. Although there have been several successful coal gasifiers that were commercially proven, many different de-
sign configurations are still possible for a simple and reliable gasifier operation. Four different gasifier design concepts of
dry-feeding were compared in terms of residence time, exit syngas temperature and syngas composition. First, cold-flow
simulation was applied to pre-select the configuration concepts, and the hot-flow simulation including chemical reactions
was performed to compare the concepts at more actual gasifier operating conditions. There are many limitations in applying
CFD method in gasifier design, particularly in estimating slag behavior and slag-tap design. However, the CFD analysis
proved to be useful in comparing the widely different gasifier design concepts as a pre-selection tool.
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Figure 1. Four coal gasifier configurations compared in the CFD analysis.
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Table 1. Models Used for Gasifier CFD Simulation
Used Model

Physical phenomena

Turbulence k- & turbulent model

Mixture fraction model/
PDF Gibbs chemical equilibrium

Lagrangian tracking

Gas phase chemical reaction

Particle dispersion
Devolatilization Single rate model

Radiation P1 model
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Figure 2. Computational mesh used for modeling in the study.
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Figure. 3. Vector plot by cold-flow analysis for case 1 of top-flow gasifier configuration.

257} Fojok 58 AH| S SRR TkAs R EH fEo] ¢F H
Al Ak dakel S-urke] AN R /7T Aerias e ks &7
9] JIALEE 900 C ol8t2 Alolsl7] falA] kg7 oflA] wAys)
= @—}5]7].1\_4 A]—D]—l-‘j_lf‘__. 7]./'\§]_7] /\l—‘ﬂi HLH I’_i.q 61—/\47]-/k er
AlolA REE S s WAS Agsta itk
& TrnsPleA gt daksheart F3Ee)
3 ety Altell osiA AXtetAl At gketE
407 Hhgo] aqE & Qli= SHerkA] Fet
218 24 3 AXEE grlete, ol 7kAas)
Cell et NhgS 57 9y weba] Wk H&%
e g = 2449 At AE A |
wolrk 7kA317t %av‘ 7k2817] FE7} OP 73%011—5— AukA
2257} 1200 C oJetR worng, sl %ﬁé i
7k S ﬁl*PoFﬂ AA TEAsP oA Dol Ay, dAksheka
FERTE EA Ak

k23] 2715 APAE LD vlES 144089 AFAIE SA
ol w9~ Fasttk £ A SERE AAAARL Bl5 GECA AL
9] FEshe Tyt AU 19 Ae7tAsr]] LD HjE2 1.5 2
ojtt. 21k 7kAsl] FElE FHatal e G nEb S ol
52 S TPRI A &7EA8b7] o4 LD H]&-2 10¢] o]&tt & A
TollA= DY 58 7R AdEsieic

L/D B]&o] 1.5 TR A5 vl gy kas, A”lo] pkg-ato]
PAehe 12 3191 Aot A2 SRR TdebA Hck o] A%
7WA37] EelA 9] SATEA L8 1200 TS detk wkebd kA
7] -9 12 sHg7iATE Aekel EE 3liRo] wol 32 &
HeE 207 {FAAA F QOB T 7R A4 3|4 §aL
of ot &) HA 59 EAlE HAge  Qlvh 2eu 7}*5}71
T WI7RRS] 2T AAHRE900 C) oSt B ko
oA o= slEdAEel SJalA 71Asl] Skl TAI7} op]HT

Q]

Ol

Pk 2

I

=]
o
=]

>
)
&

2

=

)
oo olo
FQOL
R N
X o
=
S L

ol

e,
:
A

¢

:fIJL_t’
-m
©
N
-
=0
N

Q
F-.>L
o
it

3.1. HK2 HYH|(Cold-Flow) CFD A4
WA i]@} % | §l= CFD 3IX& F3slglth ol St #44
})\51'7] FEE vlwah] XA dRke] AFAl
e A %L AA] AXetict. vbde) sebg7kA] s
%4 7k23} 2708 REgste] Akt

=1 Hﬂz'ﬂfi CFD dlj4of|A g2 &EWE @»}—— Flgures 3
~60l4 & 4= vk SEHE A vhg7] ulFelA Rkeds 24
HES-7] UlF-el &Fo] FAE X]C’ﬂ(dead zone)
A AFEETh 7hAgt BEE-e] V)RS wlikek
Aupt g or & EPsTFETkl &
3% H&% | Z71E 28 glo] AA AlFst
PER) % Al g
A7) aaysh
3 3= A

R

o
s
2o
o
ro
X
o

(AN

Q. rfot
Ir
»

o ¢
il
ol
o
rir
o

o,
il

o

o P ong
o Ix

%
30 rlo
£ 4

=
e

ol -
i

=
™
X
i
0
p 1

nigeed
X
N oo

M
Y
r1r

2
=
olo
N

4
30
¥
X
o
v
i
ﬂ:‘
i
i)
(o}
=
e
jﬁ
rlr
N o
2
o
A0
o
2 5
_VL.L

A2 Bzt B
Case 13} 2 (Figure:

S

3 3
_TL
ox
o
HH“
E
é
i,
_Q

s 9 019 g
i AlolEE JH = A 5] HH"?‘C’H A 2
o] WS Bl 9231 olf? 7f1sy] FYOE B 2
Case 1= W&} Aka, ARlo] & -9 Y
A fletdlE FAE o] PdE L o] F o
TR YHeE 5] AYE] AAF o E = NI Ut
Alzro] Z7el= a9 9A Hk Case 2+ m|EERO] A =
8t wZol| A TFE PR Figure 4«1 7]—ftﬂ TR B
Eo] Zo} 3P E HA A E I o] & =]

&
N
1o
o
o
rlr

nlm
o
mn:
032
>
E

2 227 "} 71238] 54 ?_ F5S& HolF+= Figure 49
RBLE I7E B SellAE S50] Bug el FAFTE Case
25:9r 7L<>] L/D w7} 52 mlad 31 9ol 7pa8b] sy 352
RS gEA A SR 22 9Fs &5 & 5 otk

Case 3 (Figure 5)& W& AN ZdolA] F=Ushs dial -

Appl. Chem. Eng., Vol. 22, No. 5, 2011



570 &85 -

Coal+ N2+02
1 MNozzle

5.0
4.8
4.5
4.3
4.0
3.8
3.5
3.3
3.0

28
2.5
23
20
18
1.5

O, + Steam
4 Nozzles

1.3
1.0
0.8
0.5
0.3
0.0

(a) Gasifier shape

olEF
= L
L4 114
Y -..4'. Ry . L
LA TSR

1 Gas out

(b) Vector plot

Figure 4. Vector plot by cold-flow analysis for case 2 of down-flow gasifier configuration.
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Figure 5. Vector plot by cold-flow analysis for case 3 of down-flow gasifier configuration.
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Table 2. Cold-flow CFD Simulation Results for Four Cases of Coal
Gasifiers

Case 1 2 3 4
Syngas flow direction Up Down Down Up
Number of coal feeding nozzle 4 1 2 2+2
Number of O,/Steam feeding nozzle 0 4 4 0
Particle residence time (s) 6.5 3.0 3.0 8.4
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Figure 6. Vector plot by cold-flow analysis for case 4 of top-flow two stages gasifier configuration.
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Figure 7. Hot-flow simulation result for up-flow Case 1.
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Table 3. Hot-flow CFD Simulation Results for Four Cases of Coal
Gasifiers

Case 1 2 3 4
Gas residence time (s) 1.17 1.03 1.26 1.43
Gasifier exit gas temperature (C) 1,202 1,081 1,065 1,021
Gasifier exit gas Comp.  CO 5413 5281 5270 5146
(vol%) H 1637  17.09 1725 1812
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Figure 9. Hot-flow simulation result for up-flow Case 3.
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Figure 10. Hot-flow simulation result for up-flow two stages Case 4.
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