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The Effect of the Size of Coal Particles on Gasification Reactions
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Abstract— In this study, numerical computations were performed to scrutinize the effect of the
size of coal particles on reactive flow ficlds and concentration distribution of product gases for five
cases with four different particle sizes (40 pm, 60 pm, 100 pm, 120 pum, 140 pm) in an ax-
isymmetric cylindrical coal gasifier in which Alaska Usibelli subbituminous coals were gasified.
Predictions showed that coal particle size affected the concentration distribution of product gases.
When coals of 100 wm were gasified, the maximum average concentrations of major products, H,
and CO, were predicted at the exit of the gasifier. The average mole fractions of CO and H, were
shown to be 0.62, and 0.16 (dry basis, inert free), respectively. The cold gas efficiency of 83% was
also predicted for the same particle size of 100 um.
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Table 1. The operating characteristics and the product gas of coal gasification on gasifing

commercial entrained gasifiers”'’

bitminous coal in

Commercial Processes Koppers-Totzek Texaco* Foster Wheeler gﬁ;ﬁ::gﬁg
operating characteristics
feed gas (liquid) steam/oxygen water/oxygen steam/air air
pressure (MPa) 0.13 4.0 2.5 0.1
temperature (K) 1925 ~1400 1370~1540 1750
steam/oxidizing gas (kg/kg) 04 0.5 0.05 0.0
residence time (s) ~1 ~3 - 25
cold gas efficiency (%) 75 ~75 90 69
composition of product gas (mole %)**
Cco 53 52 29 23
Co, 10 12 3 5
H, 36 35 15 12
etc 1 1 53 (inculde 49% N,) 60 (inculde 59% N,)
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Fig. 1. Information flow for simulation”.
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Table 2. Input parameters for coal gasification”.

Primary gas (kg/h) 4.0
Feed rates  Secondary gas (kg/h) 153
Coal in primary (kg/h) 16.0
Swirl number 0.0
Turbulent intensity 0.1
Primary
Temperature (K) 356.0
Inlet gas Mole fractions (Ar) 1.0
properties Swirl number 0.0
Secon-  lurbulent intensity 0.1
dary Temperature (K) 589.0
Mole fraction (O;) 1.0
Particle solid density (kg/m’) 1,340.0
Initial Raw coal 0.941
analysis Ash 0.059
Coal particle c 0754
parameters H 0.0566
Elemental analysis
(daf) 0 0.1801
N 0.0062
S 0.0031
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+0.5
parameters  gjde wall temperature (K) 1100.0
Computational grid 37x100
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Fig. 3. Predicted contours of H, mole fraction in a
cylindrical gasifier.
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Fig. 4. Predicted contours of CO mole fraction in a
cylindrical gasifier.
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Fig. 5. Predicted contours of CH, mole fraction in a
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(a) simulation 1 (initial diameter of coal particle: 404 m)
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ficiency and coal conversion at outlet of a cylindrical
gasifier.

(inert free, dry basisye] Z+zH 0.219, 0.450, 0.007, 0.3022.
2459ty Euse] ok o] FdHelAde 23 F4
F 2222 HOv7} FoRo2A Mg s} B0
So] Zalsle] B adFolA 47|19 A7|7} Al Mek
& FAstAA 23 JF BEEuc B SE8o)
o] ZA AZE e g A4} w3 Axke] st
AAE CO7t F441= H,08} 98313 COE A
22 CO2| E¥go] ¥ A7 & Bt YA
o ¥4, CO9l B X2 B A7 o&Aur} o
A Aad 7o ggsd

Fig. 102 o}Akz7) o) W2 Wrks F-f(cold gas effi-
ciencyyg EAIZH Adolct. Wris 28-S AR 7hs
o] Aeolxje] utedak o Aek(daf)e] Wdat w2 A9
Ao, g AA T P B8-2 uke] Qlxlar]7} 100

ollL4x| =t M6E M1E 19974 5Y

Radius

Awia| detance

al starting point £10

at starting point #9

0.06 |~ al starting point #8

g at starting point §7.
0041 ot starking paint #6
at starting point

0.02 t al stanting poin
al starting poin

at starting point §2

ea " a8 10 15 20

Axial distence(m)

Fig. 11. (a) Gas phase velocity field and stream lines
and (b) particle trajectories in a cylindrical gasifier
(the particle size is 100 pm).

pmed o 83%E o} dxt=7|e) MwE ARE S
Boh A AEHdS. £ 4 2719 dA7E 3
A 412 Ahg 7RSS W Y7k B2 76.5%
2 G2ggch ZnFAe A2 7 7
A3719 Wrts Tfo] 70~90%% B Hch.

Aere] Aghg-& M) dxprt 2E4E iAt A4
7} o] wha A FledEle] w3 AbslAl oo AFol fol}
7) o) 7hxglEr) 417) wiel) Aute) A#E-L 9
27t AEE okt

FQ APt~ w0 7P w99 100 pm =
718 Mgl AASA S W) FE5A 2AERE
Fig. 116} A8k}, Fig. 11(a)ye WXl AAH3 7}
235718 FAAE 208 gt FAE, siddele
2 eWE] 2 TA)ol 1l Asjolnd, (b= 1077] Al2H
o 22E 247 F8shs 100 pmS HR3iARge] sk
F7 NS Easte 1009 QAA S SAE Aol
. (el EAE A3E B FHa Syaleld)
Atlel 258 ejdo) FEEH FEo] HAF gl
AL 3 4 9led, ()l EAR AT F 3 F
3} Ed5A JAAEES] FAH AUSS o Uk

Fig. 122 100 pme] A&FIIE 7h23p A 7E o o
A pUxe LERELE EAT Aol 14 S




Aekelat 27)7} spAse) vAE G 85

(b)

Fig. 12. Predicted contours of (a) particle number
densities and (b) gas temperature in a cylindrical
gasifier (the particle size is 100 pm).
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