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Abstract— In this study numerical computations were performed to predict reacting flow fields
of gasification processes of pulverized subbituminous coal in a cylindrical coal gasifier. To check
the size effects of particles on flow fields in the gasifier, simulations were performed for five cases
with four sizes of particles such as 40 pm, 60 um, 80 pm and 100 pum. Each case has a unique size
of particles with one more case that has evenly mixed four sizes of particles. Predictions showed
that the gasification which uses coals of the mixed sizes reveals more preferable gas velocity and
temperature distributions than that uses coals of a unique size. Predicted gas temperature at the exit
of the gasifier ranged 1,400 to 1580°C, 1,480 to 1,700°C, 1,600 to 1740°C, 1630 to 1790°C and 1500
to 1680°C for particle sizes of 40 pm, 60 pum, 80 um, 100 pm and the evenly mixed four sizes,
respectively.
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Table 1. Review of pulverized coal-fired comprehensive computer program & applications”.

Authors

Description/Applications

Gibson & Morgan®
Lockwood et al”

2-D axial-symmetrical cylinder type, stream function-vorticity method (1970)
initiation of promoted intergral computer program, 2-D axial-symmetrical cylinder type, in

dustrial boiler scale (1980, 1983, 1984)

Smith et aP

2-D axial-symmetrical cylinder type, lab. scale (PCGC-2) (1981)

Hill® NOx model development, 2-D axial-symmetrical cylinder type (PCGC-2) (1983)

Boysan et al”
Benesch & Kremer®
Truelove”

burners (1984, 1986)
Boyd & Kent'”

boiler (1986)
Sowa'
Gorner & Zinser'”
Jang & Acharya™
Jang & Acharya'
Lee, Seo and Choi"
Smoot & Smith'®

(PCGC-2) (1993)
Smoot & Smith'®

2-D axial-cylindrical type, cyclone furnace (1986)
3-D tangentially fired furnace, cross-section area 20 m X 20 m utility boiler (1984)
2-D axial-symmetrical cylinder type, the modeling of flow in swirled pulverized-coal

3-D tangenal inject furnance of S00MW power generation, 10.69X8.86x3.16 m utility

effects of injector on BYU gasifier performance (PCGC-2) (1987)

3-D utility boiler brown coal, 300 MW (1988)

improved moment model of coal particle in 2-D axial-symmetrical cylinder furnace (1988)
Fuel NOx model development, 2-D axial-cylindrical type (1991)

3-D modelling of actually burner scale of seo-chun thermoelectric power plant (1992)
coal swelling, devolatilization, and reactivity of char (FG-DVC) model development

influence of buonacy and wall function development (PCGC-3)
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Table 2. Gas phase conservation equations for the gas-particle/gas-droplet Eulerian reference frame’”.
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Fig. 1. Information flow for simulation'.
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Fig. 2. Schematic diagram of a coal gasifier.
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Table 3. Input parameters for coal gasificaiton.

primary gas(kg/h) 3.996
secondary gas(kg/h) 15.300
feed rates tertiary(sidewall) gas(kg/h) 4.680
coal in primary(kg/h) 15.984
sorbent in tertiary(kg/h) 47.952
swirl number 0.0
. turbulent intensity 0.1
primary
temperature(K) 356.0
mole fractions(Ar) 1.0
swirl number 0.0
inlet gas pro- turbulent intensity 0.1
. secondary
perties temperature(K) 589.0
mole fractions(O,) 0.0
swirl number 0.0
. turbulent intensity 0.1
tertiary
temperature(K) 356.0
mole fractions(Ar) 1.0
particle solid density(kg/m®) 134.0
. raw coal 0.941
injtial analysis
ash 0.059
coal particle C 0.754
parameters H 0.0566
elemental analysis(daf) 0 0.1801
N 0.0062
S 0.0031
sorbent particle particle solid density(kg/m’) 1793.0
parameters BET surface area(sq m/g) 1.0E+05
primary tube diameter(m) 0.013
secondary tube diameter(m) 0.029
geometry -
chamber diameter(m) 0.2
chamber length(m) 2.0
reactor outlet pressure(N/m’) 1.84E+05
reactor parameters
side wall temperature(K) 1100.0
37X 100

computational grid
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(c) simulation 3 (initial particle diameter 80 zm)
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Fig. 3. Gas phase velocity field and stream line in a
coal gasifier.

o] & MEZ oh& izt o] dAuleA] fAZEE

Me el chzel o) Azlel S YRERE 2
AAR-FE =z=zwleay  E2)(chromatographic
separation) BApl Sl a4 AE Fodo] S2 Lol
= A& #aldd 4= qlglo}. Fig. 3o B.al 712379
ST REEE WA, xRtz #Agle] 13} FF &
FollAe A4=rt 3.3 misol gl o, 23k F41F 5
Ae A%E7Y 6.9 misoldct. ey A2 xéx%a_—]tq]
woll & FA2R 457 FH FEEHYUCk £ F4)
7} °JZ}°1| vl g e o spasiAg /5-}%0\:}
55 7ol 282 E W 324 B2

4

s

Mo

Fig. 4ol 712=3817] WellA2l izlAx g =A%)
ATNZH, 7 F (@0l TAF A3E 2 105 A
A4 Fusle AFEE Aest 49E 3 W £3)
g H v EAE 7R ek =53 o] 23
A vhehd A2} (b)~(d)ell =AIE ArHE v zs) 2,
A Ee| 7kagy] Ay YA Hxike o
F ok a2 o & 4RE 7hagk gl A4S (b)~(d)
o]l 2A|E Ao} o] Mut A7} AAGE 7pAE)
Aekite] Mg UAE sl d £ 5ol A8 AUk
4 5 9lgdleh ol A A-FF BAYHe| AXA
glof ubguleku ol Subsko 2 o] zA| 53] o
Folek. (e)~(h)ell =AF A3l= 4 2540, 60, 80, 100
um)®l Q1xl=7) 8 FAsHA AL Meks 7tASAAS
o] x}HAEE . 10779 AatdE 4709 A)2g-S
Adelste] 2z} qlate) &2 A= E-S Yehligict. 7+ 4]
AN M= 45FY 7 FA el Fbsle] Zi=te] 9]
7]'4'”4‘—2 S 7].;( r,]. 13—] g ‘4246} ;(]JG oﬂ E/R] o}]
Aoz 22 32719 dAke} Exjgke 7 qlabEe] A4
& AEE] tt27| diel 2z} §A}5e] AL ohac)
o] A =AIRl Fig. 4+ Fig. 3¢ Jehd 54 589
A& B A8 Fo) Fig. 4(a)e] @) B2 A7
2 Fig. 3(a)F8 (d)ol] EAE AaE A28 & 4 9]

colE ¥ B 4 9lRe], ArklAle) =7)71 A
z‘_‘l/\% 5":“‘"‘5-4 o;]s};o 1;1 \dLo onwg A }de} ol;}.._
7bgtAA AS Az frAle F2E HE0) A
3 o] AANA shatslA lof Aed efedo] 1
HE o oS o S glo)h w3 Fig. 4@e)RE (h)ol
£A% A3}E2 ¥E] Fig. 3(e)ol 23l 529 EAL
B3 Fig 304 g3t Ales 999 2212 o3
(hyell =AIE 1005 2] Aol Eutdl qlatiee
o] g o] ofehg wpe} &2 AUztE & = Q. AF,
oAl HAH AEF ddol| EAldhe 19 VAL
o] 7}2371R Eo e Wbe-Eol 22 Agslo] ukg-
FE0) 2o gA A4 £ es welEo)

£ o L

N

Energy Engg. J (1997), Vol. 6(1)



Axial distsnce{m) Axial distance(m)
(s) simulation 1 (initial particle diameter 40 um) {b) simulation 2 (initial particle diameter 60 uxm)
o w0
00
EIH
2
a
2.
.t
(73 s " (Y3 20 .'”o.o
Axisl distance{m) Axial distance(m)
(c) simulation 3 (initial particle diameter 80 um) (d) simulation 4 (initial particle diameter 100 um)
aons |
coots | L]
Oum
a0 -
— Ui
pl m 5
‘E 0.001¢ ¥ s ags -
H 3
E « oo b
<
c.0004 b
aocs -
Aaay as (X} |T| :o haae'Yy &.l .A, ;‘: r..n
Axig! distance(m} Axisl distsnce(m)
(e) simulation 5 (starting point # 1) (f) simulation § (starting point # 4)
z £
k3 3
3 3
- [ 4
[-4
M‘M :l :n J A_&:
Axisl distance(m) Axisl distance(m)
(g) simulation S (starting point # 8) (h) simulation 5 (starting point # 10}

Fig. 4. Predicted particle trajectory plots in a coal gasifier.
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Fig. 5. Predicted particle number densities in a coal
gasifier.
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X, r : axial radial coordinate
1 : favre average axial velocity, m/s
v : favre average radial velocity, m/s
a : favre average tangential velocity, m/s
P : reynolds average density, kg/m’
p.  : effective viscosity, kg/m - s
W : turbulent viscosity, kg/m - s
W,  : laminar viscosity, kg/m - s

C, C, C, 6, 6. : turbulence model constansts

C,i, Cp, G5, G, Gy : turbulent combustion model

constansts
g, :the net volumetric heat addition due to radiation,
W/m®
k  : turbulent kinetic energy, m%/s’
€ : dissipation rate of turbulence energy, m?/s
f : mixture fraction
fp : favre-average mixture fraction corrected for h
.2 : variance of the mixture.fraction
g, : variance of the coal-gas mixture fraction
ﬁ : favre-average coal gas mixture fraction

h : faver-average enthalpy, J/kg
aerodynamic drag effects of the particle on the

axial and radial components of momenfum

Sy : met rate of mass addition per unit volume due to
particle reaction

g : gas

p : particle
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