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For a clean environment

For clean coal utilizations, Integrated 
Gasification Combined Cycle System, 
IGCC is now developed

Power generating efficiency at most 45 % 
using coal-fired furnace in Japan

Up to 50 % using IGCC system

Less coal, less environmental pollutants 
such as CO2, NOX and SOX



Motivations
A general purpose CFD code called 
“Revolutionary Software Orchestrated 
Reactions in Turbulent Flow, RESORT

A national project called, Basic Research 
Associate for Innovated Coal Utilization 
Program, BRAIN-C

Center for Coal Utilization, Japan, CCUJ 
and New Energy and Industrial 
Technology Development Organization, 
NEDO
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“RESORT”

Mesh generator
Setup tool

Calculating…Visualization



Layout of Gasifier

2 ton/day pilot scale gasifier

Slag tap, combustor, heat 
recovery part

Two stages oxygen-blown

At normal pressure

LPG burner at slag tap

Fig. Layout of Gasifer



Operating conditions

11[Nm3/hr]O2

2[Nm3/hr]C3H8LPG burner

1.185[kg/kg]O2/Coal
25.62[Nm3/hr]O2

3[Nm3/hr]N2Lower burner

40[kg/hr]Coal
0.513[kg/kg]O2/Coal
15.43[Nm3/hr]O2

3[Nm3/hr]N2Upper burner

40[kg/hr]Coal
Table Operating conditions



Coal Properties

27.76.67.846.938.7
[MJ/kg][wt. %d.b.]

LHVMoist.AshFCVM
Table Proximate Analysis

0.141.2713.975.6978.93
SNOHC

Table Ultimate Analysis [wt. %d.a.f.]

The percentage of volatile matter is large.

Oxygen is much involved.



Mathematical Models

Weighted Sum of Gray 
Gases Model

Radiative 
Properties

Table Mathematical Models

Six-FLUX MethodRadiation

Adiabatic & Outer Wall 
Temperature GivenThermal Boundary

Wall FunctionWall Boundary

k−ε two-equation ModelTurbulence



Governing Equations for Gas Phase
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h: stagnation enthalpy [kJ/kg], k: kinetic energy of turbulence [m2/s2], 
mi: mass fraction of chemical species i, r: coordinate [m], Sφ: source 
term, Sφ, P : source term of particle, U, V,W: velocity component [m/s], 
z: coordinate [m], Γφ: turbulent diffusion coefficient [kg/(m·s2)], ε: 
eddy dissipation rate [m2/s3], θ: coordinate, φ: dependent variable, ρ: 
density [kg/m3]



Numerical Schemes and Solutions

Table Numerical Schemes and Solutions

Bi-CGSTAB with 
Polynomial PreconditioningMatrix Solutions

SIMPLERCoupling Schemes

Power Law SchemeCoefficients

Finite Volume MethodDiscretization



Chemical Reactions

R8C3H8 + 5 O2 → 3 CO2 + 4 H2O
R7H2 + 0.5 O2 → H2O
R6CO + 0.5 O2 → CO2

R5VM(CaHbOcNdSe) + p O2 → q CO + r H2 + s N2 + t H2S
Homogeneous reactions

R4FC + H2O → CO + H2

R3FC + CO2 → 2 CO
R2FC + 0.5 O2 → CO

Heterogeneous reactions (Char reactions)
R1Coal → VM(CaHbOcNdSe) + FC + ASH

Devolatilization



Identification of Volatile Matter

Carbon

Oxygen

Others

Fixed Carbon

Volatile Matter

Ultimate Analysis
C2.33H4.74O0.890N0.0725S0.0130

Proximate Analysis

Virtual gas

Mass & Heat Balance

Propane’s Properties



Devolatilization (R1)

Coal → VM(CaHbOcNdSe) + FC + ASH

( )VVkr −−= *
VM1

⎟
⎠

⎞
⎜
⎝

⎛
−=

P

VM
VMVM R

exp
T
EAk

First-order Arrhenius Form

Using FLASHCAHIN Model

Under Rapid Heating Rate, 10,000 K/s condition.



Char reactions (R2–R4)
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R4

R3

R2

8.54

8.54

6.28

115.531.70×108FC + H2O → CO + H2

111.431.70×108FC + CO2 → 2 CO

10.54.975.71×107FC + 0.5 O2 → CO



Flow Field in the Gasifier

(a) Axial (b) Tangential

Figs. Velocity components at 0.05 m in height

Upstream near the axis, downstream near the wall

Strong swirling flow observed



Particle Trajectories
High pulverized particle concentration found 
near the wall.

Pulverized coal particles go down along the 
wall.

Some pulverized coal particles are trapped 
by the upstream near the axis and go up to 
the outlet.

Fig. Calculated Particle Trajectories



Mole Fraction of Volatile Matter

Figs. Calculated Mole Fraction of VM

Small swirling radius formed at the plane 
with the lower burners.

Much VM reminds at the plane with the 
upper burners.

(b) The lower burner (b) The upper burner

(a) The combustor

[-]

[-] [-]



Mole Fraction of CO & H2

Figs. Mole Fraction of CO and H2

[-] [-]

(a) CO (b) H2

High mole fraction near the 
wall

The region corresponding 
with high concentration of 
pulverized coal particles



Mole Fractions on the Axis

Fig. Axial Distributions of Mole Fractions on the axis

High CO2 and H2O Mole fractions in the slag tapping part

CO and H2 Mole fractions rapidly increase in the combustor

No changes found in the heat recovery part



Gas Concentrations at Outlet

–0.269.310–20.517.452.6Exp.
8.60–9.310–22.420.236.1Cal.
VMCH4N2O2H2OH2CO2CO

Table Gas Concentration at Outlet
(H2O Free & N2 Basis, vol. %)

Calculated results predict less in CO concentration and more 
in VM (Hydrocarbon) concentration.

If 80 % of VM (C2.33H4.74O0.890N0.0725S0.0130) decomposes, CO 
concentration will be 54.5 (36.1 + 8.60 × 2.33 × 0.8) vol. %.

A reaction of VM decomposition found to be necessary in the 
coal gasification.



Conclusions

For analyzing coal gasifier, a general purpose 
CFD code called “RESORT” developed

Understanding flow field and pulverized coal 
trajectories in the entrained coal gasifier 

Revealing some transport phenomena

Predicting less CO and much VM

Finding a VM decomposition reaction such as a 
self-decomposition or a oxidization reactions of 
VM by H2O as an oxidizer necessary


