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ABSTRACT : The numerical modeling of a coal gasification reaction occurring in an entrained flow coal gasifier is presented in
this study. The purposes of this study are to develop a reliable evaluation method of coal gasifier not only for the basic design but
also further system operation optimization using a CFD(Computational Fluid Dynamics) method. The coal gasification reaction
consists of a series of reaction processes such as water evaporation, coal devolatilization, heterogeneous char reactions, and coal-off
gaseous reaction in two-phase, turbulent and radiation participating media. Both numerical and experimental studies are made for
the 1.0 ton/day entrained flow coal gasifier installed in the Korea Institute of Energy Research (KIER). The comprehensive
computer program in this study is made basically using commercial CFD program by implementing several subroutines necessary
for gasification process, which include Eddy-Breakup model together with the harmonic mean approach for turbulent reaction.
Further Lagrangian approach in particle trajectory is adopted with the consideration of turbulent effect caused by the non-linearity
of drag force, etc. The program developed is successfully evaluated against experimental data such as profiles of temperature and
gaseous species concentration together with the cold gas efficiency. Further intensive investigation has been made in terms of the
size distribution of pulverized coal particle, the slurry concentration, and the design parameters of gasifier. These parameters
considered in this study are compared and evaluated each other through the calculated syngas production rate and cold gas
efficiency, appearing to directly affect gasification performance. Considering the complexity of entrained coal gasification, even if
the results of this study looks physically reasonable and consistent in parametric study, more efforts of elaborating modeling
together with the systematic evaluation against experimental data are necessary for the development of an reliable design tool using
CFD method.

Key words : Coal Gasification Reaction, CFD program, Operation Optimization, Syngas, Cold Gas Efficiency
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Fig. 1. Schematic diagram of the oxygen—blown, entrained
flow coal gasifier.®

Table 1. Physical model for 1.0T/D KIER gasifier

Entrained Flow, Oxygen—Blown, Coal-Slurry Gasifier
Coal-Water Slurry - Slurry feed rate = 65 kg/h
(65% concentration) - Coal feed rate = 40 kg/h
- Water feed rate = 25 kg/h
Oxidant 24 5Nm3/hr as O2

Injection angle 15°

Pulverized coal size maximum = 1,34e-4 m
minimum = 5.0e-6 m
average = 7.0e-5m

Chemical species CO, H2, CO2, H20, CH4

¥ "-HI'I PR e o ot B

J\,.-l.k. *""‘"""'l..l"l"""b"l -
‘.wmfw uﬂww

= m sl EE

Term

(a) temper ature and gas composition

(b) loading rate of slurry and oxygen
Fig. 2. The experimental results for the 1.0T/D gasifier.5
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Table 2. Gasification reaction rate considered in this study

Gasification Reaction Surface Reaction Rate Diffusion Rate
4,26 Tg ' 75
Char-02 Reaction Ks=8,710exp(-17,967/Ts) Kaitt = 0.584( *T*)(- —)="/ (Pudp)
g 1800
19 o7
Char-Steam Reaction Ks=247exp(-21,060/Ts) Kair = 10X10 (2000)* / (Pdp)

Char—CO2 Reaction

Ks=247exp(—-21,060/Ts)

Tg
Kot = 7.45%10™ (= —)%° / (Pidp)
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Fig. 3. Simplified view of char oxidation.
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Table 3. Finite—rate/eddy—dissipation reaction considered in AT
this study VA M
Reaction | Chemical Reaction Reaction Type i r
1 mv_vol + 1,70602 — CO2 + 1.543H20 | Volumetric \‘\\ /
2 | Cls)+0.502 — CO Particle surface | — . 7 1
3 | Cls) + CO2— 2CO Particle surface
4 Cls) + H2O0 — H2 + CO Particl f -
o)+ He ariicie suriace (a) geometry of 1.0t/d KIER gasifier
5 Hz + 0.502 — H20 Volumetric
6 CO + 0.502 — CO2 Volumetric |
Amel AstA| el ERAIZES Wt Y] g4l k/eo] oxygen -
H|&|3}H Magnussen Z} Hjertager”} AQtet YA n g Surry —— iF‘ R
& Agsto] sEhihe Lol ER4 RS Rejslant, R Sl

(b) simplified burner design

Wiy = minimum of [ o Amge/k, 0 A(ma/i)e/k, 0 A(mpA+i)e/k] (6)
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24 v W3- s.okste] YEeR it BRS 12 sk Fig. 4. Schematic diagram of the entrained flow coal gasifier.

Fig. 5. Axisymmetric grid generation (cell # = 4292).
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Table 4. Inlet boundary conditions for the 1.0T/D gasifier

Velocity X Turbulent Hydraulic
Temperature*(K)
Magnitude(m/s) Intensity(%) | Diameter(mm)
Fuel Inlet 2.381 400 10 10
Oxygen Inlet 273.25 400 10 30

Table 5. Chemical properties of Datong coal

Proximate Analysis (wt.%) |  Ultimated Analysis (wt.%) |Heating

values (kcal/kg)

M | VW |Ash| FC |C
9.36 [26.43|9.44|54.77|74

4.4810.44|10.68] 0.59

H|N| O S

6,910

Table 6. The combustion properties of pulverized coal

Parameter Standard Condition
Density 1300

Cp 1000

Vaporization Temperature* 550

Volatile Component Fraction* 32.55

Binary Diffusivity 5e-4

Swelling Coefficient 2

Combustible Fraction* 67.45

Combustion Model multiple surface reaction
Latent Heat (J/kg) * 2.25%x108
Devolatilization Model(1/s)* 50

* Numerical parameters
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Fig. 7. Gasification characteristics for the particle size
distributions.
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Fig. 9. Gasification characteristics for the different
configuration of a gasifier.
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Table 7. The configuration of gasifier considered in this

study
Diameter (mm) Height (mm) Mesh (#)
case 3 250 1600 2847
case 4 500 800 2505
case 5 150 3200 3403
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