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Numerical simulation of crushed coal pressurized slagging gasification
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Abstract : The Crushed Coal Pressurized Slagging Gasification ( British Gas-Lurgi, BGL) renders the
use of gates obsolete and changes from dry slag discharge to liquid slag discharge, significantly impro-
ving the gasification performance. This study aims to reveal the essential structural characteristics of
BGL coal gasification to further improve the performance of gasification equipment. We established the
thermodynamic equilibrium model, coal gasification dynamics model and Euler multiphase flow model
via numerical simulation, and validated these models. The simulation results show that 1) compared
with Lurgi coal gasification, the gasification equilibrium temperature increases from 795 C ( Lurgi gasi-
fier) to 1 029 °C, and the decomposition rate of water vapor increases from 32. 66% to 93.12%. The

maximum bed temperature increases from 1 110 C to 1 837 °C, much higher than the coal ash flow
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temperature (1 210 °C). This improves the gasification intensity and ensures liquid slag discharge. 2)

BGL coal gasification reaction is mainly completed in the lower part of the furnace, with only a small a-

mount of water vapor participating in the shift reaction. CH, in the crude gas mainly comes from coal

pyrolysis. 3) The fluctuation of bed surge in gasifier enhances heat and mass transfer. 4) Nozzle Jet

impacts and squeezes coal char particles, forming an ellipsoidal combustion raceway extending to the

central area. This becomes an important functional unit of BGL gasification, realizing primary gas dis-

tribution and providing heat for gasification layer and slag pool. 5) The liquid slag in the slag pool

whirls up and down, which is beneficial to reduce carbon residue in slag and ensure smooth slag dis-

charge.

Key words: coal gasification; crushed coal slag; gasification equilibrium temperature; combustion

raceway ; bed structure
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Table 1 Comparison between technical and economic

indexes of gasification in different gasifiers

miH XA PN G 3 BGL 4
co 42.10  52.67  27.43 57.29
H, 36.36 30.47  41.75 26.77
€O, 20.33 15.53  22.96 4.87
=3
e CH, 0.08 0.01 7.12 7.32
A/
) H,S 0.41 0.42 0.24 0.6
%
N, 0.72 0.8 0.28 2.45
HoAh — — 0.22 0.52
e 100.00  100.00  100.00 100. 00
H AR/
L. 4947 483.26  656.3 497.97
(kg + km™)
HAR
) LA FE/
Z (- 419 321 155. 64 212
. m * Km
Hki )
RE L/
\ — — 3.61 0.97
(kg+m™)

T AR IR S

BGL MU B AR AL U 50 2 — > 1] 21 B¢
ABIGACR L R . T 2 PR AR e R T Y
EIlZ SRS SR i & ST R e = 3 SIS §
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Table 2 Quality analysis of raw coal for

o O

gasification in the enterprise

TiH Tk 53/ % TEE I/ %
M, 12.86 Cu 73.61
M, 4.8 Hy, 3.81
LN A 6. 82 0, 9.88
Vai 27.59 Ny 0.95
FC, 60. 79 St ad 0. 89

®3 EFPRRBRESEBEL
Table 3 Comparison between experimental and

simulated values of Lurgi gasifier

miH RIE  BHE

AR5 1/ MPa 3.0 3.0

IR/ (kg + h™") 5.14 5.14

AP/ (m® - b 10.3  10.31

S IEVA 1150 1150

HAR bR AR/ (m 1) 2515 2550
FAHELE/ (m® 1) 364 369

HA I/ (kg » m™) 5.17 5.17

FEER/ (kg - 171) 57.49  58.22

IR/ % 33.45  32.66

co, 30.24  30.42

co 21.19  21.64

H, 40.35  39.04

W4 % CH, 715 6.90
N, 0.42 0.21

H,S 0.34  0.21

HoAhy 0.31 1.59
At 100.00  100. 00

TE: AT B TO RS Ay e
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SHERRPAE 5 AR BGL P ReAr 2 %X
P e BB HIK KR 246 °C |, i /KIEE 252 °C
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FEEE B R U R B 34. 06 vh, HE % B HR
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2,20 h, R R IR A 16. 37 ke/s,
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31.61 s, AR N 4% , Z W HR gL 3, <
TR AR B B HA
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AP AL AR B, 56T JE Al SR RE R A 1 3 TN
REbr e BE i IR SR 2 R

C144209H44801100A6825N0A0811SO.OZGI*) 0 3261 CO +
0.0341 CO,+ 0.7202 CH,+ 0.3058 H,+ 0.0360
C,H, + 0.2730 H,0 + 0.3045 CH, 5,00 000 +
0.0261 H,S + 0.0101 N,+ 0.0609 NH, (1)

R R B R 414k €.0, . H,0.CO0, .
H,.CO 1 CH,, SAH W #E#: R1 R2 F1 R3, K
5 SIS AH RN AL R 5 ], e P K IR AR e
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WA RN, AR JURE S AL 3l ) 2 AR FH ek
HE 47 O | 25 N (Y B0 75 2R ] SCHR 1) B
TR

C+C0O,—2CO (R1)
C+H,0—CO+H, (R2)
C+2H,—CH, (R3)
CO+H,0—CO,+H, (R4)
CH,+H,0—CO+3H, (R5)

¥ F 9%
H,+0.50,—H,0 (R6)
AC+0,—2(A-1)CO+(2-1) CO, (R7)

P AL Bh J1 24O E MATLAB 2018 |2 fitit
B RTHESERE KA (A ) o i E ), T
PRSNG| R, BOEIARE S RS
B0 93 IR R AR B AR . TR IR R
ST (T A A Ry 20 T ey S O 3
Fy P W R B TR AR 2 5 B AR RS Aol 2
PR KRR IR I

iR

PR
B A

RARGE=

proEdb)
SR

1 BESUsh hFEAHETEBEER"
Fig.1 Logical framework for numerical calculation of

coal gasification kinetic model
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it BEIRUAEL 266 °C R Tt AR AR = 157 4L A
M (£ 5) AW G, MR 5 & E
2 012 °C, AR EE THEIEE 1 978 C, 5k &5
Pt A RA SR DX B A — B, LB R T
FHE 546 °C, IR THRE 2 538 °C, P&
HAR—F, THREURERN] IR )2 A
AR

®4 BRUSNFERENEZH
Table 4 Input conditions of coal gasification

Kinetic simulation

R B
R F1/MPa 4.09
JEORHR (kg - s™ 1) 9. 46
JEERLE / mm 6. 00
I (kg s 3.23
HE/ (kg s™h) 4.25
S TS SRR % 0.50
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Table 5 Comparison between calculated and calibrated values of crude gas composition %
Ak co co, H, CH, 0, C,Hg N, H,S ot
THAE 54.03 3.57 23.00 7.70 10. 40 0.28 0.36 0.43 0.23 100. 00
FE(E 52.46 3.72 25.18 7. 66 0 0.36 0.41 0.24 100. 00
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Fig.2 Geometric model structure of BGL furnace
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Table 6 CFD numerical calculation

parameters and conditions

TiH HfH
0,/(kg-s™") 5.462
KFHES/ (kg - s7") 3.573
W/ (kg s7") 9.979
SRR/ mm 6~50
I/ (kg - m™) 1 400
S/ (kg + m™) 2550
SAFIEEE/ (kg - m™' - 57 2. 92E-05
MAFE/ (kg - m™ - 571 5.50E-05
PR R/ (kg - m™ - s7h) 1.20

H T, BGL HESAL SE B WEFEATI A 580, 28 JF 3¢
BRI E AR D SCHR [ 14, 17 ] R S m A
PPTICRE N BRAT A AR 2, P ¥ el s 24 A1 1 XL
FRAZS S TEXUTHTE L T S RBE gL, £
BERABAZE Y O, FRBEAE R CO RN N b Thid
FEHORE T AT BT A0 R0 2 20 30 Tt | 44 Rl i 4k K g
T, ISR BP9 K R i DR 11 I 11 5 4]
HCHE 7 A 0 R AP TR, T UL Bk
W15 BGL BRI A i Z AL Z AL, itk A 3C
R R ER i b 10 S B 80 14T BGL AL Z AR I
RORVEGE XK R AR Y R R o A 4
MZSH T X DR B E & 870 mm, BE
500 mm , X\ 1 N 13 mm,JXLDTH?/\FﬁE45 mm , X
F) T BifR 50, SRR B R A 1405 LL/NEOR BN
POkl 28 AL S S, N IR AR BILSE A 8% 5 AR
it SC R Y S BRI A e/ RS
4.0 mm, i A SEAFHCCRRSE 561, 15 21 59 XU [A]5E
DIEIRFII/INANIE 3 Bz o AS SCREALLAY XU T (1] g
Xz EE 4 fis, mE 3 FE 4 770, = KB 55
ARG AW & R E I Z AR AR 2L

2 EHERE SN

2.1 SUBESH

TR L VAT 1 52 PR R S A b 45 VR T
M EZFB, BGL A Ak Hh [ 25 Hi v ok S HE
L SAIRFEEHEE 200 °C L F TRAE LR 80% LA
b RARZEIRTT A 80% LA b BRAR T A B AE R
AR, BANE R TG AR I, S RIE R )Z 1 R AT
B, BN L AL T 4.3 ~
8.0 kg/m’, Ak A= BGL P54 L I 45 3 BBl
0.7 ~ 1.2 kg/m’, I P RIRHE R B IR

3 BESHEROSEHERE
Fig.3 Actual image of single tuyere cold

mold of ironmaking blast furnace
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Fig. 4 Simulation image of single tuyere cold model of

ironmaking blast furnace
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99. 1% ; MK LI 1.2 kg/m® W}, 7K 285 43l %
91. 2% ; K AL Hh 2295 JLT- 4 38 4 g A2 B €O
H,, SALAHIEEE R B BB , K RS i i &2 | I
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