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Numerical Study on the 300 MW Shell-type One-stage Entrained
Flow Coal Gasifier Apllied with 4-Layer Slagging Model

Jungwoo Hong, Hyo Jae Jeong, Jihoon Song and Jungho Hwang

ABSTRACT

A slag building simplified model was developed to determine wall heat flux of a Shell 300 MW coal gasifier.
In the model 4 layers(particulate, sintered, molten slag, solidified slag) were considered and mass conservation
and energy balance were used to obtain each slag layer's thickness and surface temperature. Thermo-chemical
and fluid charateristics of the gasifier were studied with and without considering the slag model using commer-
cial CFD code FLUENT. Consideration of the slag layer did not affect syn-gas mole fractions. However, the
slag layer caused to increase the exit gas temperature by about 50 K.
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4-Layer Slagging Model-2 %
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Table 1. Properties of tested coal

Fixed carbon 42.8
Prox1m2.1te Volatile matter 39.3
analysis o
(Wi%) As 8.8
Moisture 9.1
Carbon 65.52
Hydrogen 5.92
Ult1maFe Nitrogen 1.09
analysis o 0.03
(Wi%) Chlorine .
Sulfur 0.84
Oxygen 8.70
Higher/Lower
Heating Value 29.3/27.7
(MU/kg)

Table 2. Test conditions

Coal 24
Feed Rates (kg/s) 0,/Coal 0.82
Steam/Coal | 0.033~0.058
Coal Particle Sizes (um) 100
Inlet Angle (°) 0
Heat Loss Slagging Layer Model 2]
Operating Pressure (atm) 42

Outiet
ﬁ Syngas (H,, CO)

Gasifier model (3D) Plane figure and front view

Fig. 2. Simplified geometry of the gasifier.
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2.4. Slagging Model
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4-Layer Slagging Model-2 2]-8-3 300 MW+ Shelld 1T 75 A8 7} A8 A A=) 6l A 5
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2.4.3. Molten slag layer(MSL)
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4.1. 4-layer slagging model
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Table 3. Properties of slag

Variable Value Units Ref.
Tvant 550 K R
T 1000 K [22]
Titag 1550 K [23]
Kerpant 0.5 Wim-K [16]
Kegrsine 2 W/m-K [16]
ksolia 5 Wim-K [16]
Kstag 5 W/m-K [16]
h 2.79 Win’-K -
Dpart 800 kg/m’ [16]
Dsint 1500 kg/m’ [16]
Deolid 2000 kg/m’ [16]
Ditag 2200 kg/m’ [16]
Hys 154.43 kJ/kg [22]
Mg, 0.1016 kg/mzsec -

e 0.83 [22]

In-House
Code
= Ash Deposition
Energy
(on the slag layer)
+ Slag layer thickness
» Slag layer surface
temperature

* Heat flux though out slag
layer
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Z| 9} 3] o] A3} Fhof ul2 enthalpy of fusion
U Aoz FehgiTh22].

rl

]{fus A‘sfu s (20)

slag

o 7] A ASjs= entropy of fusionS ERHTE
HE?_}_‘ slagging model 7;“/1\_]:01] /\]'—g_% Tsaumel_ Flg 8
o LrERY 2L,
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Fig. 8. Profile of source temperature.
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Fig. 9. Slag layer thickness and heat flux.

2ol 7+ £ =7 won, O A 7pAg)

Q) FEol 4 o] PLE} SL FA7E 9bAl UrebgT) E
3 BjHo] fgEWA S fEo AL =

o AT 5 AU

o] Ai}= Sun 5[24]¢] Shell 7}A3}7] W9 slag
A AN R s Ast ko) w3t AFE
Kol Sun 5[24]9] Aol &35} Shell 74317
slag®] FA= 9F 23 cmZ &2 AFoA V& Ax}el
oF 1.1 em@} & ZpolE Ho|A] ottt

oA 3 Z slag layero] FAE HIgo® 7k

51719] slag layerE Fot= B4 ool AoR
Fahee.
q” out 6slago-ir slag,surf UT:ouroc

mash,]{fg + h( Tsurf - Tgas) (21)

9ol AoflA et A-F%S Fig. 99 YERHCH,
4+ A Eke] HHV(higher heating value)2] ©F 0.7%=
UERTE o= A& F9]0] ALkt =4 HiAd
AEto] HHV Y] 9F 1.5%K.t} wo Azto|t}. Slag la-
yerol 218} 712517] YRol A WAL s Aol
v 2 dhol slag layerS T3l ke 2AHC W
A Yehd A2 ®Beltt E3 slag layer?] F747}
S7TE S slag layerS o= G52 Hashe
AFE HAh

—— Heat Flux

Position (m)
w
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Fig. 12. Mole fraction and temperature of gas on the gasifier outlet.
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