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Abstract — Numerical computations were performed for the gasification of five different coals
such as Lewis-Stockton bituminous, Utah bituminous. Illinois #6 bituminous, Usibelli sub-
bituminous and Beulah-Zap lignite, to assess the effect of variation in oxygen to coal ratio and
steam to coal ratio on reactive flow fields within an axisymmetric, entrained-flow gasifier. The con-
centrations of major products, CO and H,, were calculated with varying oxygen to coal ratio(0.7~1.4)
and steam to coal ratio. To verify the validity of predictions, the predicted and the measured values
of CO and H, concentrations at the exit of the gasifier were compared for Roto coal. Reasonable
agreement was obtained between the predicted and measured values. Predictions showed that the
(CO+H,) concentration increased gradually to its maximum value with increasing oxygen-coal ratio,
and CO concentration decreased, but H, concentration increased to some extent with increasing
steam-coal tatio. When the oxygen-coal ratio was between 1.0 and 1.2, and the steam-coal ratio was
between 0.3 and 0.4, high values of the cold-gas efficiency were obtained.
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Fig. 1. Schematic diagram of a coal gasiﬁer .
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Table 1. Gas phase conservation equations for the gas-particle/gas-droplet Eulerian reference frame”.
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Fig. 2. Information flow for simulation®. (a) the ef-
fects of O,/coal ratio on product gas composition. (b)
the effects of steam/coal ratio on product gas com-
position.
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Table 2. Properties of coal used”.

Lewis- linois

Stockton Utah bi- #6 bi- Alaska Beulah-
Coal bi- tum- ~ Usibelli Zap lig-

tum- inous ey sub-bit.*  nite

. inous

inous

Proximate Analysis (dry basis, wt%)

Ash 1984 471 1548 122 972
Volatiles 30.17 4584 4005 510  44.94
Fixed 1900 4945 4447 368 4534
Carbon
High
Heating
Value - 298 274 262 .
(MJ/kg,
Elemental Analysis (daf, wt%)
C 8269 8071 7772 7540 7297
H 526 576 500 566 483
) 984 1159 1353 1801 2035
N 156 157 137 0615 115
s 065 037 238 0308 0.7
*ref.
* % pof, 1415
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Table 3. Summary of test conditions performed.

primary gas(kg/h) 4.0

Feed  secondary gas(kg/h) 14.6~21.0
Rates  oxygen/coal (kg/kg) 0.7~-1.4
‘steam/coal(kg/kg) 0.0~0.4
swirl number 0.0
. turbulent intensity 0.1
primary
temperature(K) 356.0
mole fraction(N,) 1.0
Inlet Qas swirl number 0.0
Properties
turbulent intensity 0.1
secondary temperature(K) 589.0
mole  Oxygen  0.56~1.0
fraction Gream  0.0~0.44
primary tube diameter(m) 0.013
secondary tube diameter(m) 0.029
Geometry
chamber diameter(m) * 0.2
chamber length(m) 2.0
Reactor reactor outlet pressure(N/m®)  1.84E+05
Parameters gide wall temperature(K) 1100.0
particle solid density(kg/m’) 1340.0
5 um
Cc'al 13 um
Particle mass fraction of ” - 02
Parameters particle types S-pm -
50 pm
100 pm
Computational Grid 37x100
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Fig. 4. Predicted major gas compositions with respect to the variation of O,-coal ratio (a: Lewis-Stockton bit., b:
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Table 4. The relation of fixed carbon and volatiles with the maximum efficiency of cold gas.

0y/Coal ratio Steam/Coal ratio
Coals Fixed Volatiles ®)(a) o .
carbon(a) (b) max. efficiency of cold max. efficiency of cold
gas (0y/Coal ratio) gas (Steam/Coal ratio)
Utah bit. 49.5 45.8 0.93 74.6 (1.2) 81.5 (0.3)
Illinois #6 bit. 44.5 40.1 0.90 76.8 (1.2) 83.4 (0.3)
Usibelli subbit. 36.8 510 1.39 70.7 (1.0) 74.2 (0.2)

ofliXx| 28t H7H MH1E 19984 3¥



BH2 Mwt 7has " o 13

80 Y T v v
; W~ Usibelli subbit g
5 sibe X A i
—@- lllinois #6 bit.
— &~ Utah bit.
70 | i
R - / A [
et A
> 651 / * ]
5 [ / "
E 60 yd .
7] 1e / o ]
] N /
o 55 ]
° ®
3
50 A .
]
PLERE B
08 10 12 14

Oxygen/Coal ratio(kg/kg)
Fig. 5. Predicted cold gas efficiency versus O-coal ratio.

2Aslgit. 13 7972 Aute] A4 160kgh® T
sl ol 23h Folge Abhet $57)7F FA F4
g} o] of A4 AR 146kghZ 3191or
$27]9] AekgSe 0004 6.4 kg/hrte] 2 33lct.

SRS W8 A)# 5 £F(Lewis-Stockton, Utah, Ilinois

o A5t AldSkd Usibelli o}ed 3 et Beulah-Zap
Zehe] MEhg 7hastAl S o 7%347] E7-olA A
K7ved) HEzAd wEkg 747t Fig 60l =43
2 Co¢l g Fada Hel CO2
EREE 57 }%}% | o] SRe] AHHPE Mut 3
F7) Aul-2- (kS 3 £F7)-7hae] WEEkg
(I+$ S)] FAl% 7] wjielch.

SRS 0.00)14] 0.4742] W 3}A| 914 4 gH(Lew-Stock-
ton, Utah, Tllinois #6)y% 7}~3t Al AL of 7}2317]) &7
A} COQl HF BEEL 06304 032747 7hA43hed
ou Hy= 0.14e4 0332, CO= 0.2904] 035717 &
7bsbeict. w3t ofed A e(Usibelliy} ZHeH(Beulah-Zap)
o tlgk COQ| HTF T8 06194 0.23742] 743}
glom Ha= 0.1404] 0298, COs= 0.22004 0498
»‘J}E}“ o}

Fig. 62 sasld oh-g3 2 Ans 9% 4 ot
13l SRol| A oAk, ofd ek, zhete] i3k CO %
Ho) 342 et o7} ¥4 555, €4
& ol ety et w7} EA) ASEH A S
o) sheashell QlofA] A Are] o Huku} 7wk
sl o] G| wioll 7h2astr] AbkellA]
- abshubgsl L @ Abat vhasly] F - shdt
gpm o g At el Abshub2-(k-g )3 o]
ol 7hxel v} LAl = AS, vpas)

h=%
C.o

I

o

AUl ndo

T o M

]

3

ol

2 i = 42 ne

2 He

Z . gpde] Lot Abgsle] vt #-0, e AE -
S27)9] whgakg2, 3)0] FA1se] Cogt H9 A4
gko] Zrbshi Holch. Whiel ofd Aeba} kg vhA
A7 o= cheke] Fubio] Abde} whEEte] CO,
7} A 7] el fEEE CO0 Bt EREel ¥
olxlch.

Fig. 7¢l ®=A1% 192 SRe| wglel] wg Utah, 1-
linois #6 5] <d A€k} Usibelli o} A etol| tigl W7}
2 Fge wstE A8 A3jolr}. Utahed Al edel] o)
SRo| 0.25¢ ) 81.5%, llinois #6 o3 &kl 7ol =
SRe] 0.3 wf 83.5%%, 1] 31 o} &gl Usibelli &
2. SRo] 0.2¢ o} 74%& ztzt Hoje Wrls AEE
Bolch & A7 SRAAE F57] Fidkel FrHE
S5 QA EZ wpdake] F& 4o A ] F18t
oq Wtz £80] Zvlee 40121"* SRe] ©]-§ #1%]

F%7]-7p 29 BW“Hr( - 5)ell ola) Co2| WA
%*01 Aastd, #5710 & obl ZF7t2 7h28h7
7pmewrt Gopalel whal sae] AAddke] ol o]
z7}sla) ¢7) wjFol| Wrts Ege] A He
et

3.2-4. % Q1xHORZ} SR)ol| Wb gk

Table 201 #)A]3F A8t F Usibelli o} A ek-& A18-3}
o] ORS 07914 1471%], SRE 0.0e04 0.474=] W3}
A FpasAAE o Theastr] EelA]l AR,
CO, B8] BT Z3-83 Wi 549 WalkE Fig 8~
10¢]] 3x}4 1R g F A3k}

Fig. 8¢l 7h28l7] Zollx] CO9| i E8-&2]
W3le Askeich. flel A 2 5 9)5e] ORF SR
Esa +7Mm CO2| ¥#8-& ¥3hizd) ol4= ORe]
& abav) e o) MerozvE] WhEE JUE
_st.%:— »*—1 e} 2o} ukgste] CO, & CO7E AHT of
5 PAv}AFE COA= AEF e} vk (kS 2)5le] CO
7} vho] A =]7] uHrO]E}. =3 YA E COE ohA] 4t
A7) 5 ol vlukegt 4kae] o] Held CO9 &
Bgo| wolAE Aol vt o] x4 SRel
A s M P Mﬁ&%-"-(‘i)oﬂ 2|8 Cov}
CO.2 A%H=]7] wl ol COS) T¥-go] FA3] 2t
g}, @5& ORo] 0.9~1.05} SR°] 0.05~0.1 H$| Wl A
CO%| 880 7H B&-& o+ ok

Fig. 9°ﬂ 7b23b7) A WAV AFE Aol B
# 2rgel HEE wAlEgdch. ORe| F7184E ¢
229 Br.go kst o) Fhele] Akt M
#H-527) whgow QPAE FoE 2RAT]7 wﬂ%l
t}. SRo| Z7lat Ag-of =57]|-Auk 2ol vh-g-(ahg- 3)
o olal 49 B¥-gol £7lH ol ot SRe] 741* =
74l 7 Solli= uh 2wl golalvo g Qe paze) A

10

Energy Engg. ] (1998), Vol. 7(1)



14 ERE IR
g oo“\;\f ) a) (LY SR ' - (b) {
¥ | "~
E os '\ | o5 '\
i —a— CO . —a- CO -
§ o4 |-e-co, %41 | -e— €O, i ]
5 —a— H, ° —a- H,
g 0.3 /‘/ ) SEEY “/‘/ J
a L4 .
¢=: oqu ‘/./ 4 0.2:><:/./
i 4 ><°/ 4
0.0 [X] 02 03 04 00 0 02 0 04
v v —— 07 - . ., —
T os (c) | (d
§ —
_ ~ 06 ¢ \
T osd . 1 .
§ _a-CO \- °41 \
ooy | o co, = . .
i o —a- H, . 2 | 044l o co, \./ 1
E —a— H \,
§ e ‘__,//. 034 : /‘_ o
02 ‘; /2/
3 / 02 _7. 1
5 014 . . . 1 - . . -
00 [X] 02 03 Y] 0.0 o1 02 03 04
o7 -~ - — v
i ol (e
Y p
P
S 0.5 - \. P
£ ~a— CO ~N
i 941 | —e~ Co, )\o 1
S0 b b S J
lL——“‘/‘/" a
i 02-1 A/ 4
g_ A/
' CY) 02 03 Y]
Sleam/Cosl ratio(koAg)

Fig. 6. Predicted major gas compositions with respect to the variation of steam-coal ratio (a: Lewis-Stockton bit.,
b: Utah bit., c: illinois #6 bit., d: Usibelli subbit., e: Beulah-Zap lig.)

Qarst dola a4 BEEE Aasigd A=
ORo] 0.7~0.92} SRo] 0.1~0.3 WA F4o B8

fo] =& & Ut

Fig. 10> OR¥} SRe} Wi3lo)) o3t W)~ &8 W
32 w3 ayelrt. oM B 5= glRe] ORe]
0.8~0.96] 3 SRo| 0.2~0.3¢] H|WjeljAE CO2 22
fo] 5o alspe] Wl &go] ¥9hewd ORe]
1.0~1.2¢]51 SRo] 0.3~0.43) gl Ho] A 0]
802 qlslo] Wrix Rgo] wolxich

ofi{x|Z8t M7 H1E 199811 3¢

2

[=_

4. A

o hash) ge) e fERE nde
7] $18ke Zd APRALE FElsld o ohg-F} el

Aba/Aere] v il E7ARS] BE HEkA A
5 }ﬁ.-r«] A1 el(Lewis-Stockton, Utah, Illinois #6 5-2] <
A€k, Usibelli o}od 3 el, Beulah-ZapZtshyg 7122344 7]
& o) 7}4E] FFeld AT RS Wk &



EH3 AT has W % 15

T T T T

—m— Usibelli subbit.
- @— lllinois #6 bit.

=Ny
LA
// :

8¢ / -

Cold gas efficiency (%)

0.0 01 02 03 0.4
Steam/Coal ratio(kg/kg)

Fig. 7. Predicted cold gas efficiency versus steam-coal
ratio.

£ 05559
3 04909
| 04259
0.3609
0.2959
0.2309
0.1659
0.1009

The Mole Fraction of CO
(dry and inert free}

Fig. 8. Response-surface of CO for Usibelli subbitum-
inous coal.

9} W3S stk
2) ¥ mARAtel) Bhak ehAle 4] siste] of
%] DTRE o] 83}o] & Rowogkel o 7}23h A
dadel FAL 26l A71e) PCGC-2A93)2 ol %
& A5t AR ulal - pAgte 2 o5zt YA
b ¥l Axge el

3) GYORYE COSt He) A $714717)
Slar = ofed Yekat ekl wia) dim o we o
o) Abarh BegE o 4 alerl ol Aol 24
gh4:2] ofe] @7] welch

4) #HAe) Wrhs BEE @7] A AbaaRat

527\ 0 E s 2ok shul, o] S& B

T

T

4

b

.. 0.309963

5% 0.287288

Eg 0.264612
0.241938
0.219263
0.196588
0.173912
0.151238

Fig. 9. Response-surface of H, for Usibelli subbitum-
inous coal.

78.1343
72.7428
67.3512
61.9598
56.5683
51.1768
45.7853
40.3938

The Cold Gas Efficiency{%)

Fig. 10. Response-surface of cold gas efficiency for
Usibelli subbituminous coal.

ahef opds Aol 7k QdE-& & 4 et

=Xk

X, r : axial radial coordinate

W favre average axial velocity, m/s

vV :favre average radial velocity, m/s

U :favre average tangential velocity, m/s

P :reynolds average density, kg/m’

u. : effective viscosity, kg/m - s

M. : turbulent viscosity, kg/m - s

W : laminar viscosity, kg/m - s

C,, C,, G, 0, 6. : turbulence model constansts

C,i, Cp, 0O, ©,, G, : turbulent combustion model con
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: the net volumetric heat addition due to radiation,
kW/m’

: turbulent kinetic energy, m?/s’

: dissipation rate of turbulence energy, m’/s

: mixture fraction

: favre-average mixture fraction corrected for h

: variance of the mixture fraction

: favre-average coal gas mixture fraction

: faver-average enthalpy, J/kg

Sy : aerodynamic drag effects of the particle on the
axial and radial components of momentum

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

: gas
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