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ABSTRACT

Coal gasification is heading for a great future as one of the cleanest energy sources, which can produce
not only electricity and heat, but also gaseous and liquid fuels from the synthesis. The work focuses on
300MW shell type one-stage entrained flow coal gasifier which is used in the Integrated coal Gasification
Combined Cycle(IGCC) plant as a reactor. As constructing an IGCC plant is considerably complicated and
expensive compared with a pulverized-coal power plant, it is important to determine optimum design factors
and operating conditions using a computational fluid dynamics (CFD) model. In this study, the results of
numerical calculations show that O,/Coal ratio, 0.83, Steam/Coal ratio, 0.05, coal particle diameter, 100um,
injection angle, 4° (clockwise) are the most optimum in this research.
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300MWZ Shell® 1& 2R NEH JIAG|Q] MALX|GHA @ AtA/AE/AHE =Y,
AERITH 3], = =& 250t tASI| 450 OIXle S
Nomenclature T,T; coordinate of directions
Y, : mass fraction of species i
4, : char particle surface area ay,ay @ devolatilization model constant
4,4, Ay ¢ pre-exponential factor r : finite rate/eddy dissipation third-body rate
C, : molar concentration of species j in € : turbulence dissipation rate
reaction r n : ratio of turbulence to mean shear time
C,,C, : realizable k—e model constant scale
D, : mass diffusion coefficient for species n, : shrinking (or effectiveness) factor
i, m’/s nfj,r,n;r: rate exponent for reactant and product
D, . . diffusion rate coefficient for reaction r species j in reaction r
E : total energy L : dynamic viscosity
E, E, : activation energy Uy . turbulent viscosity
Fy : drag force per unit particle mass v : kinematic viscosity
F, : momentum source term by particles psp, : gas and particle density
Jwo : volatile mass fraction 0,0,  turbulent prandtl numbers for k and ¢
G, G, : turbulence kinetic energy due to the (7). ;¢ deviatoric stress tensor
mean velocity gradients and buoyancy v;.,»v;.,: stoichiometric coefficient for reactant and
k : turbulence kinetic energy product i in reaction r
kst : effective thermal conductivity
k¢, k,, : forward and backward rate constant 1. M =
for reaction r ) =
K, : equilibrium constant for the ™ reaction 20009 % o]% JutE 2w A A uet
m, : ash content in the particle Y= st Z7ksta 9l AAolu) oldl uwhl,
m, o . initial particle mass at injection FHARI} A oA RS AuEh glon, Al
m, : mass'sour?e term arlsn.lg from particles o] sk 229 oAl Zhsha Qo ole) 3, Al
zw(f) :fr?i?;:ljla):evlvcl izﬁt t(c))ftlstseedte g o] 2001 o]} Al-E 2= 9] S AT o] wiy|sh kol
b . static pressure = o] Q7] well, A 7kAsE Vs A At
D, . partial pressure of the gas phase species oA B 27HE AdEAbge] Ha glom, A4 A
R : universal gas constant & 7] (clean coal technology, CCT)S 7H& 94 L
R,,. . : rate of char particle surface depletion Atk Mg 723t 78] 7P ol JEAH 5
R, : source term of species i AL nka BakelE(SOx), dAAHHE(NOx)H 22
Ry s : kinetic rate of reaction r 7)o d B2 AL 7o BAlEtA] P Holr?,
R, R, : devolatilization model kinetic rate =3, Aek 7}238} 28 94 (integrated coal gas—
S  heat sources ification combined cycle, IGCC) 21417] 7+ =
S - 7mean strai rate 23 ovA 7 71 F st dFH L glom,
S, S, : generalized sou.rce term ol Al Be AAdA AdH oz A A
Se, : turbulent Schmidt number o = Ao A E]r375)
T : static temperature OT; }quzb‘ . ;r ;}A/\ﬂ 7 Lo st gl
u, u, : gas and Particle velocity A SE A" A = =
ul,u7 : mean velocity components w2t A 3174 S (fixed or moving bed), &
l,;;- . fluctuating velocity components (fluidized b‘ed), ‘3—! ?-%%(entramed bed) o= 7
S, olela 7hsgh WAl wek A Tkae] 24
228 S22 ANUXES =28 H21A M3Z 20104 6&
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Outlet
* : Syngaa (H;, CO)
Water cooling

jacket ~_ f 2

Reactor
(Gasifier)

Fig. 1 Prototype of gasifier and water cooling jacket.

&< 1 FE = slag bathS £a vHjEE ) o7
A oA dojZ syngass gas-cleaning 73

S A, B3 ApolE s Tal dES A He=
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Table 1 Properties of tested coal

Table 2 Test conditions

Coal 24
Feed Rates (kg/s) 0,/Coal 0.75-1.08
Steam/Coal 0.033-0.075
Coal Particle Sizes (ym) 50-300

Inlet Angles (°) 0,2, 4, 6, 8, 10, 20, 30

Heat Loss 1.5% of the coal HHV'!

Operating 30

pressure (atm)

Fixed carbon 42.8

Proximate analysis Volatile matter 393
(wt%%) Ash 838
Moisture 9.1
Carbon 65.52

Hydrogen 5.92

Ultimate analysis Nitrogen 1.09
(wt%) Chlorine 0.03
Sulfur 0.84

Oxygen 8.70

Higher/Lo“(/le\:/rU /Ii(lze)lting Value 293 / 277

230

of, =, T, WolxelFla sl SolA AF Y
ChoFsl Aeke AREslal 9tk IGCC 9A] et
o] BAR o] 9o} e Mk ALg-s AFolr),
oo E AT AE XU Ao} e KA}
Jom, o= dA| Ak Abste] gletsh e

2o A AREH A Qe e F shdolt)
Mgkl gk FPEA Y 4T A3E Table
Table 20| X 3]4] A] 7}~

32 JIARD| T H

Fig. 2= 7k=3b7] aiA] @445 vkl Zo= of
647 o] Axpm e o] vk AA] 7kxsh)E 3
Wi 7lEo R 4 W etk el 4709 el
A AR} AbskA] B Ao FAlo F]lEnh 7kAs)
7] inlet Zteo] ul2 FAHsE /\hﬂiﬂ o8 0~
10°714] 24 10~0°7FA1= 10°4), % 871410, 2, 4, 6,
8 10, 20, 30°) Aol sl A4S Fastsich.

A 5}—4 €3] HL-‘JHdevolatlhzatlon) -r] ””‘é Ho
B2 A% chard] HE Ak 9 7hsg)
4) A&k, char, ash Ako]e] o 3 HAbe] 2§

Qe
A Y AoUXIEE =28 H21 HM3S 20104 62
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' e=0~30°
* (clockwise)

Gasifier model {3D) Plane figure and front view Various inlet angles
Fig. 2 Simplification and geometry of the gasifier.

GHEE & ET A5 Sl 85974 g 4 A
1) 339, Aade s 6) Dilute system(17+2] F-3]n]&o] 7] 4] F
2) ¥we] AAZNS —hpoondition(zero velocity) 7] H]&9] 10% "Wl A-9)ol7] wjitol, 4
3) ek o] Q12 B b ERMRE] ojt B QI Abole] 4 AL FA
4) Y2 (water quenching)ell 2]3h d&4e

21ete] higher heating value®] 15%% heat 34 JIHl 222 XIHSEA

flux@ A4kake] 541 ¥ 2o 77 Ao A 1% &%
5 &#7(slagging) & eletA] ¥&. = ashe &, =], slakg mEg Aot} WHr-f-sol o4

Table 3 Governing equations for the gas phase

0
Continuity —(pu;)=m, o)
ox;
9 __op o [0 B 20 0w o (e
Momentum ox; (puiuj)— oz * oz N( oz, * or; 3 % ox; | o, (pul- u7)+F3 @
0 0 oT
Energy 6—% [u(pE+p)]= gj(keff%j+ui(7;j)eff)+5h (3)
1
Gas species V e (puYi):V . ((pD +S—2)VY1.)+1§ 4)
t
—\_ My | ok
ox (pk 7)_ 0. + 0} ) 31‘j ]+ Gk p€+Sk ®)
Turbulence i(ﬁﬁ;]):i[(ﬂ+ﬂ)i]+ﬂq&_ﬂqi+% ©)
axj Bz]. o, c’)z]. k+ \/;
k
where, 0, =1.0,0, =12, (f = max(() 43, +5) G =19 n= S0 8= /25,5, @)
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AA T = Reynolds 528 AAFsl7] 980 realizable
k¢ HRRdYS A8390) realizable k-¢ W
2de Standard k-e3} RNG k-¢ HFE2 R}
59 o, 3H, FE Ul ¥ =& AIdEE A
Sli=

712 o] A ujgd 22 Table 3o A28ttt

35 ME AXl HE ¥

Al Q1ae] A% lagrangian approachS %83}
7] 9J8l], FLUENT| A DPM(discrete phase method)
S AREEte] dAbe] A1A 2 AsS ol AE A}
&3to] ALtskarh

3.6 ME 2 HAHUES 2L
2| &olDevolatilization) 2
23dhsl A2 MekA] 3R (volatiles) ©]
125 e S D), by o2 oo sk ndl
< Badzioch®] single rate model, Kobayashi®] two

a7

competing-rates model¥} Fletcher®] CPD (chemical

percolation devolatilization) modelo] F=& ARSI},
B of ol A= Kobayashi®] two competing rates

model s AHEsFH o, 4 theat 2

At
m. () ©)
(1_fu~0)mp0 mg

t 7//(Hl+1fz)(1t
—/ (o Ry +a,Ry)e ™° dt

0
R’y =4, 7@/1{11), R, :A267(@/H1;)) (10)
A7IN By, Ry= 27 AL 1 WslolA 2

G3uks) uhgAeln, 7= YR 2%, A4, A,

pre-exponential factor, £, E,+ & ,
oy, ot A2 B aLRo o] FA 7HEA], RS 7]
A garolth. B3 m, (t) AZE ol A &3 kst #

(Il_:_ }q%

7ko] AR om, v e 27] A% m
Qtell 1+ ashel A, f,,© % Z
fraction(=m,/m,, ) I t}.

Aero] &rglulslyl Jlae 3 7HA| Fo7 VA
3}“‘3}17’18) o] 7} =} <ke] Table 19] A&k &A%
S water-free |2 W33 doJEHE Faf 23
Folyl 7k~ CiHs Op3® &S

mE i

3.6.2 Char JiAg% 24
Aete] 3k Aol AR WEH Fof|, chare]
AL} A Thash wkgo] AT olu, Oy,
COo2} HoO7} char EH oA ¥H-g-3lo] COSF Hoe
Ag st

Char 7}23} 29e multiple surface reaction

Table 4 Global reactions and reaction rates in the char gasification

%in,r = Ar T’j’eiE’/RT
Mechanism Reaction A; E: (J/kmol) Br Ref.
C(s)+0.50,—CO 5.67¢+09 [1/s] 1.60e+08 0 19)
Char gasification C(s)+C0,—2C0 1.60e+12 [1/s] 224e+07 0 20)
Reaction
C(s)+H,0—CO+H, 1.33e+03 [1/s/K] 1.75e+07 1 21)
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Table 5 Global reactions and reaction rates in the gas phase
ky, = A, 7P AT

Mechanism Reaction A E: [J/kmol] B Ref.

C1H3,003—0.15H,+0.3CO+0.7CH, 1.60e+15 [m’/kmol/s] 1.00e-+08 0 15)

C1H;3,1003+1.6250,—~CO,+1.55H,0 2.12e+12 [m"/kmol”¥/s] 2.03¢+08 0 15)

CH4+0.50,~CO+2H, 3.00e+08 [m*/kmol/s] 1.26¢+08 0 17)

Gas Phase CH4+H,0—CO+3H, 4.40e+11 [m’/kmol/s] 1.68¢+08 0 17)

Reaction Hy+0.50,—H,0 1.00e+14 [m’/kmol/s] 4.20e+07 0 19)

CO+H,0—>CO+H, 2.78¢+03 [m’/kmol/s] 1.26¢+07 0 19)

CO,+H,~CO+H,0 26.5 [m’*/kmol/s] 6.58¢+08 0 19)

CO+0.50,—CO, 2.20e+12 [m**/kmol”"/s] 1.67¢+08 0 22)
model”& AH&-314i T ole} A, 7k2sb7e A sl ogh 7]A|
o &%, Wrsh sokE el WEol shshik-gol
Ry = A gy Lo G Ted 9T vl 53, dawalst shess

char,r — “iplirn ] X
Doy Brin 22 heterogeneous HH$-& WH9] A17F 27 (time
H|3} =
—— scale)oll &l =]t}
R}mzr 7’T € (12)

o] W, R,,. = char®] W& (kg/s), A,=char
A (m’), n,2 shrinking 74]-r, pn X3 u&% 714 ¢]
)=]

RURRC |

3 AAE ANAY, F919 O Mgtk ofw,

e 5 *MHL Rl 7}&5« C0,
] O,9he] WG At
49 dangos 7} 36}9111}”’1”. aPuz gt
k&l #efsts 71AlE & 67F4(0, CO, CO,,
HO, He, CH4> o]v} o 7|49 B4 AL Table
39l A @ell ¥4 9 FotE nE WS S

»}Emw

wpepA 8ol whg-E ) W E3E0 AV]E 1L
glato] shst W& G E9E oA 22 G
S vhg-8 2 %83l finite rate/eddy dissipation
model™& AM&-3}SI T

finite rate®] ALks g 38E A& (R)S

U3k o] dEth

R/ =1 w 7F(U/ o U;',Ar) (13)
N . N )
(e, 1T [0, )" =k IT[5,]")
j= j=
8, —E/RT kf,r
kf1 - ArT € y Ry = K <14)

WM, C,
M, AW A g & e A4S et
ﬂ_£ Aug AT k,, N K, S HERNT

3.8 SAl @88 Z&
g

Mg shzsile] 4
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300MWZ Shell@ 1% 285 SEH JIAG
AERITH AD|, = & AT
W2 e 2x BExE A3 B olsict
53], ekl Ao} 22 vlA R BAF EA o]
ggarol AskA o&EstH, W e F el
HAlGAG g AS Eololatt}, wheba] B A
M= BAIGHE WAAS HTE AR §lo]
3 AHEH o 2 F= DO model(discrete ordinate
model, ?%%E}E )1 )% A]"Q‘O]'N\E]'

4. Zit ¥ E9
AkA o2 7p13}7]€] A W7k E-8(cold gas
efficiency, CGE)#} ¥4 #3}+&(carbon conversion
efficiency, CCE), 18] a1 34 7F2(syngas, CO+CHy)
o] & ko] AFAIZE 55 V|EoE FAIS
Boolto] A Ao M= B dEgo] B
7450l 99.99%7F vhskom, x| Al F ATk
35~75x% AA 7k=87|9k FAE A3tE Kl
7] Wil W7k a0 JA7Fs0 S R S
TE 71Fo7 HH ] AA H5E AARA)
o] 7]A, B4 A %H-&(carbon conversion efficiency,

CCE)& w53 2ol vkt

Tt~ 2 A gkE ek Ak

BaAE Ll

4 (CCE) =

4.1 0z/Coal HI0I WE JIA%P| dS

7k2=3t71 0] Al WgE AATH 9lef, 7 |
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HZ 0.75~1.087H4" W glA 7 Aol w gk},

Fig. 32 Oy/coal H| ¥3}of] wh2 4712 (syngas,
CO+Hy) 2 A 7H2=(CO,, CHy) S TS YERY

M, Fig. 4= &7 259 Wk~ §89 492
BRI o 7], Wrt2 & & (cold gas efficiency,
CGE)S Uo7} 2] Yehud,
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AAHE 7o) 391 o
B CECEOREE: (14
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Fig. 3 Mole fractions for Oy/coal ratios.
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Fig. 4 Efficiency and temperature at outlet for O,/coal ratios.
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Fig. 6 Efficiency and temperature at outlet for steam/coal ratios.
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