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Abstract—The flow field of an entrained-flow gasifier was numerically simulated to describe coal gasification pro-
cess. The standardekurbulence model and SIMPLE procedure were used with the Primitive-Variable method during
computation. In order to investigate the influencing factors on the flow field that may have a great effect on coal
gasification process, some parametric studies were performed by changing the gas injection angle, gas inlet diameter,
gas inlet velocity, extension in burner length and gasifier geometry. The calculation results showed that the basic pat-
terns of the flow field inside the gasifier were nearly the same with a parabolic distribution irrespective of the change
in parameters. There existed an obvious external recirculation zone with axial length less than 1.0 m and a narrow in-
ternal recirculation region was observed in the entrance of gasifier inlet. The geometry parameters of the burner, such
as the oxygen inlet diameter and angle, influenced the flow field at the inlet region near the burner. But after a certain
length along the gasifier, the flow field was nearly the same as that in the basic case.
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INTRODUCTION ent type of reactor have been implemented in order to predict the
coal gasification performance [Arakawa, 1994; Govin, 1984; Lee,
Coal gasification is a key process for Integrated-coal Gasifica-2000; Pantankar, 1980; Spalding, 1983; Yoon, 1985]. However, a
tion Combined Cycles (IGCC) power plant. Being one of the mostfew simulation works to analyse the flow field have been pub-
competitive and promising coal gasification technologies, the slurnfished. A previous simulation work at KIER calculated the flow field
feed type entrained-flow coal gasifier has been extensively studiedf an entrained flow gasifier by using the Vorticity-Stream Func-
in the Korea Institute of Energy Research (KIBf) some impor-  tion method [Liu, 1999]. Assuming the inlet coal slurry to be some
tant achievements have been gained by investigating the complkind of primary air with the same momentum, the calculation result
cated nature of coal characteristics and establishing the optimal opeshowed that owing to the high injection velocity of the secondary
ating condition using the 1 T/D bench-scale, entrained flow coalflow of oxygen, there was an obvious central recirculation zone near
gasifier [Park, 1999]. the burner.
In an entrained flow slagging coal gasifier using coal water slurry, In this paper, the flow field inside the entrained flow gasifier in
it should be necessary to maintain the uniform mixing among theKIER was predicted by using the Primitive Variable Approach in
coal-water slurry with oxygen to obtain the higher carbon conver-order to meet the needs for optimum design of a new reactor and
sion in short residence time (0.4-5s). A calculation study on theburner. Some parametric studies were performed by changing the
flow field inside the gasifier is to give a better understanding of thegas injection angle, gas inlet diameter, gas inlet velocity, extension
gasification process, especially to know how the flow pattern will in burner length and gasifier geometry. Therefore, the calculation
influence the coal slurry particles trajectories and the behavior obf the flow field inside the gasifier at different design conditions
the coal slurry particles as well as its distribution, residence timecan help to determine if the coal slurry particles can mix well or
etc. Furthermore, the burner design through the parametric studiedistribute better inside the gasifier and optimum design of a new
can be optimized in order to discrete the coal slurry uniformly andreactor and burner.
form a well-mixed patrticle distribution.
With the rapid development of computer technology in recent PHYSICAL MODEL
years, numerical simulation of some complex flow fields has been
possible. At present, some general codes or commercial software The schematic diagram of the experimental oxygen-blown, en-
are available to simulate the common flow field. But due to the com+rained flow coal gasifier and the detailed structure of the burner
plicated nature of turbulence and different initial and boundary conare presented in Figs. 1 and 2, respectively. As shown in Fig. 2, the
ditions, it still needs special considerations and modifications forcoal-water-slurry (CWS) is injected into the gasifier through the
each engineering object if careful and detailed research is needecenter hole of the burner, while the oxygen is blown in through eight
Numerous simulation works on the coal gasification in the differ- surrounding holes during gasification. The burner is designed so
that there is an injection angle: (15) for the secondary oxygen
To whom correspondence should be addressed. flow. Therefore, as soon as the slurry is fed into the gasifier, it is
E-mail: youngchan@kier.re.kr impacted by the high speed secondary oxygen flow and divided
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Fig. 1. PFD of the oxygen-blown, entrained flow coal gasifier. Q‘g —
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into droplets of different sizes. The main geometric parameters o
the gasifier and burner are listed in Table 1. Fig. 2. Schematic of experimental gasifier and detailed structure
For simplicity, the oxygen nozzle was assumed to be an annular of the burner.
one with the same diameter and the same flow rate as that of the
eight surrounding holes during the simulation. Therefore, this threeTable 1. Some geometry parameters of gasifier and burner (mm)
dimensional geometry can be reduced to a two-dimensional axiaF —
. . s 1 T/D gasifier Burner
symmetric case. The influence of coal slurry injection was not con
sidered in this flow field simulation, therefore the center hole was__!-D- Length D1 D2 D3 D4
assumed to be solid and the surface was treated as a solid wall. But 200 2,050 60 13.28 12 3
in the real coal gasification process, the coal slurry was injected in
through the center hole and the solid phase will greatly influence
the gas flow field and this effect must be taken into account.  of the fluid flow. Therefore, the general form of the governing equa-
tion for this system can be described as follows:

19 9,9 _r 9e0
Far TPV TG 5 PV TGS, @)

MODEL DESCRIPTION

1. Governing Equations

According to the above descriptions, the flow field inside the gas-The meanings @, ' ,and source item,$f each conservation equa-
ifier is axis-symmetrical referring to the centerline. If the cylindri- tions are shown in Table 2.
cal coordinates system is used, the 3-D gepmetry can be reduc&d Boundary Conditions
to a two-dimensional one. Meanwhile, the flow field inside the gas-2-1. Inlet
ifier is assumed to be in steady and cold conditions. Thsvk- The oxygen is blowing in from the off-axis position (not from
equations turbulence model was used with isotropic assumptionsenter hole of the bumer) and the high inlet velogitahd the inlet

Table 2.¢ I',and source item Fof each conservation equations

Equation 0 Ty S,

Continuous 1 0 0

Axial momentum \Y Her ‘%% ‘% +%§%Heff%%+(%%1en%%
Radial momentum v Megt ‘%% +%§%Heff%%+(%%1ef%\ézg
Turbulent kinetic energy k %ek“ GCype

Kinematics rate of dissipation € %i“ E(Cle —C,pg)

e =y BIRV.O . RV.d 0], BV, V.00
Where.Gk—Hef%Q[Da—rD +D6_2D +DTD:| +D6_Z +6_rD%

2

k
Herr =H R Wy :Cupg
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Fig. 3. Simulation result of velocity distribution inside the gasifier.

pressure Pare assumed to be uniform distribution. Meanwhile, specially treated by using the staggered grid system, while the pres-
the axial (\) and radial (\j velocity components are also consid- sure-correction equation was applied to avoid false diffusion. The
ered about the injection angte The inlet turbulence kinetic energy power-law scheme is used for convection-diffusion formulation and
k and dissipation rateare set as follows: the line-by-line TDMA method was used for the discrete algebraic
equations. The SIMPLE algorithm suggested by Patanka [1980]

K, =%I,2nU,2n , Where J, means the velocity ratio of fluctuation to was applied for the whole iteration procedure.
me;ﬂ' RESULTS AND DISCUSSION
€, =——=—, where R means the radius of the computation
(0.005R ing the calculation, th del dually mad
field. During the cacqatlon, e computgr model was gradually made
more complex, which meant considering many of the various influ-
2-2. Outlet ence parameters one by one. The region was divided into 51x30

The flow field is assumed to be fully developed at the outlet of hon-uniform extremely fine grids at the burner inlet region. As to
the gasifier. In order to meet the needs for mass conservation, thee designed operating conditions, thesinjected in from the off-
velocity at the outlet was corrected by the flow rate of the gas. line position with an injection angle @15 at a high input velocity

U,,. Some other constants used in the model are shown in Table 3.

%ZPE:O’ 0=V, V,, P, k anc @) 1. Velocity Field Inside the Gasifier
Fig. 3 is the simulation result of velocity distribution inside the
2-3. Axis reactor. From here we can see, when the gas injects in, it will ex-

The characteristic of the flow field is symmetrical, which means pand and form a parabolic velocity profile with maximum magni-
tude near the centerline. Because of the very fine grids at the inlet
%E:O, ¢=V,, V, P, kanc. region in order to see the velocity distribution in this small area more
z . : - .
clearly, an enlargement of Fig. 3 is shown in Fig. 4. As shown in
2-4. Wall Fig. 4, when the oxygen blows in at an angle, the maximum velocity
The wall function was used to deal with the points near the wallis not at the center at first while after a short distance, the velocity
By defining the local Reynolds number: assumes a parabolic shape profile. Meanwhile, there is a small inter-
Y =pCU Ky 3 nal reci.rculation zone at the burner inlgt region. When the gasifier
woe length is greater than 1.0 m, the flow field becomes uniform with
The shear stresses near the wall can be expressed as: littte change along the axis and the influence of the gas blowing
appears not to be significant. An external recirculation zone is formed

T, =p\—/9 Y*<11.63
P
Vay, 12 0.010 ' .
BCICN, g @ L - ;
In(EY") SR B = =2
where y is the distance of the point P to the w3#0.4187, E= 0.005 ¢ NN iy _ — -1
9.793. _ L0~ — — —
3. Solution Method § ks 2 3 = = =|
During simulation work, the flow field was divided into non- 3 ' 3/:5 y oz = = =
uniform grids. The governing differential Equation in Eq. (1) was 11 Y // - - _ _
integrated over each control volume. The momentum equations wet . T — — —F
9 a 000 7,//*’? = = =
Ty o« 0 a N iy
Table 3. Some constants used in the program 0010 i :
' 0.00 0.01 0.02 0.03

¢ & & G 6 o Uin P
144 192 10 009 10 1.3 255m/s latm

Gasifier length(m)

Fig. 4. Enlargement of the burner inlet region in Fig. 3.
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Fig. 5. Stream line of the flow inside the gasifier.

along the gasifier with its influence length less than 1.0 m. Fig. 5 isbe seen from Fig. 6 that there are some differences at the inlet region
an illustration of the streamline distribution of the flow field. It shows near the burner and centerline zone when the gas blows in from dif-

the external recirculation more clearly and the whole flow field ap- ferent angles. But as to the whole flow, the flow field does not change

pears like a pair of scissors when blowing in at high speed. This isnuch with different @injection angle.

reasonable for design purposes, but the expansion of flow is n@. Influence of the Q Injection Diameter

very large due to the very small inlet position. According to the design data, the iection diameter is only

2. Influence of the Q Injection Angle 1.28 mm (calculated from the position 13.28 mm-12mm). We en-
The designed Onjection angle on the burnernis15 in KIER larged its diameter from 1.28 mm to 4 mm (which means the oxy-

gasifier. In order to examine the influence of inlet angle on the flowgen injection positions are from D=12 mm to D=16 mm) with the

field, the Q injection angle is changed from=C’, a=-15 to o= other conditions remaining unchanged. The calculation results are

45 respectively. The calculation results are shown in Fig. 6. It carshown in Fig. 7. It shows that there is a big difference at the inlet
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Fig. 6. Influence of the Q injection angle on the flow field.
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Fig. 7. Influence of the Q inlet diameter enlargement on the flow field.
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Fig. 8. Influence of the Q injection velocity on the flow field.
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6. Influence of Gasifier Length
The designed length of the entrained flow gasifier in KIER is
2.05m. As obtained results from the experiments, every gasifica-
tion process are finished within a length less than 0.5 m. In order to
see the effect of gasifier length decrease on the flow field, we did the
calculation for the case of gasifier length of 1 m. The calculation
results for this case are shown in Fig. 11. Comparing Fig. 11 with
Fig. 10 we can see that the flow filed did not change greatly.
region comparing with Fig. 3. The gas inlet diameter will change
the flow field especially at the inlet region near the burner. How- CONCLUSIONS
ever, still we can see that after a certain length along the gasifier,
the flow field is nearly the same as that in Fig. 3. To investigate more detail about the flow field inside an entrained
4. Influence of the Inlet Velocity flow gasifier, some parametric studies were performed by chang-
The above calculations are based on the designing inlet velociting the gas injection angle, gas inlet diameter, gas inlet velocity, ex-
of U,,=255 m/s. In order to investigate the influence of the inlet vel-tension in burner length and gasifier geometry. From the simulation
ocity on the flow field, a wide range of inlet velocities which are results, we can draw the following conclusions:
from 1 m/s to 273.25 m/s were examined during simulation par-
ameter study. Fig. 8. is the case when the inlet velocity decreases to 1. The basic patterns of the flow field inside the gasifier at differ-
1 m/s. The calculation result shows that the basic shape of flow fieleént conditions are nearly the same with a parabolic distribution. When
are nearly the same as that in Fig. 3, except that the magnitude okygen blows in, it expands with the larger velocity at the center
velocity components, pressures and other parameters of the flovegion and smaller velocity near the wall. There exists an obvious
field will certainly decrease correspondingly at each grid points.  external recirculation region which was caused by injection from
5. Influence of the Extension in Burner Length and Round  the center. The length of the recirculation zone is less than 1.0 m
Boundary and the flow becomes uniform with a gasifier length greater than
In order to simplify the problem, we did the calculation based1.0 m.
on the inlet part as shown in Fig. 9(a). But actually in the real design, 2. The results show also that the basic flow pattern inside the gas-
the geometric schematic of the inlet part is as shown in Fig. 9(b)ifier do not change greatly when the parameters are changed. The
Therefore, we modified the boundary conditions to see the differ-geometric parameters of the burner, such as the oxygen inlet di-
ence between these two cases. In the simulation work, the grid syameter and injection angle, influenced the flow field greatly at the
tem was redefined and the round edge boundary was treated as stelet region near the burner. But after a certain length along the gas-
shape. The calculation result is shown in Fig. 10. From the resultgfier, the flow field is nearly the same as that in the basic case.
we can see that the basic shape of the flow field is nearly the same as

(a)
Fig. 9. Schematic diagram of burner position.

that in Fig. 3. The extension in burner length and round edge bound- REFERENCES
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