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Abstrac~The flow field of an entt-ained-flow gasifier was numerically sinmlated to describe coal gasification pro- 
cess. Tile standard k-e turbulence modd and SIMPLE procedure were used with tile Plilmlive-Vafiable method dining 
computalion. In order to investigate tile influencing factors on tile 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 flflet velocity, extension in burner length and gasifier geomeb?z The calculation results showed that tile basic pat- 
terns of tile flow field inside tile gasifier were nearly tile same with a parabolic distaibufion irrespective of tile change 
in parameters. There existed an obvious external recirculation zone with axial length less than 1.0 m and a narrowin- 
temal recirculation region was observed in the entrance ofgasifier inlet. The geometry parameters of the bumer, such 
as tile oxygen ilflet dianleter and angle, iiffluenced tile flow field at tile inlet region near the bmner. But after a certain 
length along tile gasifiel, tile flow field was nearly tile same as that in tile basic case. 
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INTRODUCTION 

Coal gasification is a key process for Integrated-coal Gasifica- 
tion Combined Cycles (IGCC) power plant Being one of the most 
comFetitive and promising coal gasification technologies, tile shaly 
feed type eim-ained-flow coal gasifier has been extensively samlied 
in the Korea Institute of Energy Research (K3ER) and some impor- 
tant achievements have been gamed by investigating ale compli- 
cated Flature of coal ct~-actefis~ics and establishing tile optimal oper- 
ating condition using the 1 T/D bench-scale, enb-ained flow coal 
gasifier [Park, 1999]. 

In an erm-ained flow slagging coal gasifier using coal water slurry, 
it should be necessary to maintain tile unifonn mixing among tile 
coal-water slurry with oxygen to obtain tile tfigher carbon conver- 
sion in short residence time (0.4-5 s). A calculation study on the 
flow field inside the gasifier is to give a better understanding of file 
gasification process, especially to know how the flow pattern will 
itffluence the coal sluily particles tvajectolies and tile behavior of 
tile coal sluITy particles as well as its disbJbution, residence ~ne, 
etc. Furthermore, the burner design through the parametric studies 
can be optimized in order to discrete file coal sluily utffcmlly and 
fonn a well-mixed particle distribution. 

With the rapid development of computer technology in recent 
years, numerical sinmlatic~l of some complex flow fields has been 
possible. At present, some general codes or commercial software 
are available to silnulate tile common flow field. But due to the com- 
plicated i ' ~ e  of turbulence and different initial and boundmy con- 
ditions, it still needs special considerations and mcKlifications for 
each engineering object if careful and detailed research is needed 
Numerous simulation works on the coal gasification m tile differ- 

~To whom correspondence should be addressed. 
E-mail: youngchan@kier.re.kr 

376 

ent type of reactor have been implenlented in order to predict tile 
coal gasification performance [Alakawa, 1994; Govin, 1984; Lee, 
2000; Pantai~cai; 1980; Spalding, 1983; Yoon, 1985]. However, a 
few simulation works to analyse the flow field have been pub- 
lishec[ A previous simulation work at KIER calculated file flow field 
of an e~lb-ained flow gasifier by using the Vorticity-Stream Func- 
tion method [Liu, 1999]. Assurning the inlet coal slaty to be some 
kind of primary air with file same momentum, file calculaEc~l result 
showed that owing to rile high injection velocity of file secc~lday 
flow of oxygen, there was an obvious cer~-al recirculation zone near 
rile burner. 

In this paper, the flow field inside the entrained flow gasifier in 
K]ER was predicted by using file Primitive Variable Approach in 
order to meet rile ne~ts for opflnum design of a new reactor and 
burner Some parametric studies were performed by changing the 
gas injection angle, gas ffflet cliametel, gas inlet velocity, extension 
in tamaer length and gasifier geometry. Therefore, the calculation 
of file flow field inside file gasifier at different design conditions 
can help to detennine if the coal sluily particles can mix well or 
distribute better inside the gasifier and optimum design of a new 
reactor and burner. 

PHYSICAL MODEL 

The schematic diagram of the experimental oxygen-blown, en- 
b-ained flow coal gasifier and the detailed structtae of the btarlel 
are presented in Figs. 1 and 2, respectively. As shown in Fig. 2, the 
coal-water-slurry (CWS) is injected into the gasifier through the 
center hole of the btarlei; wtfile the oxygen is blown in tt~ough eight 
surrounding holes &u~g gasification. Tile burner is designed so 
that there is an injection angle (o~: 15 ~ for the secondary oxygen 
flow. Therefore, as soon as tile sluITy is fed into tile gasifiel; it is 
impacted by the high speed secondary oxygen flow and divided 
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Fig. 1. PFD of the oxygen-blown, enW~ined flow coal gasifier. 

into ffoplcts of  different sizes. The main geometric parameters of  
the gasifier and burner are listed in Table 1. 

For simplicity, the oxygen nozzle was assumed to be an anrdalar 
one with the some diameter and the rome flow. m e  as that of the 
eight surrounding holes ~Sng  the simulation. Therefore, this three- 
dimensional geometry can be reduced to a two-dimensional axial- 
symmelric ease. The influence of coal slurry injection was not con- 
sidered in this flow field simulation, therefore the center hole was 
assumed to be solid and the surface was Ireated as a solid wall. But 
in the real coal gasification process, the coal slurry wa~ 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. 

M O D E L  DESCRIPTION 

1. GovernIng EqumJons 
According to the above descriptions, the flowfield inside the gas- 

ifier is axis-~mmetrieal referring to the centerline. I f  the cylindri- 
cal coordinates system is used, the 3-D gepm~ry can be reduced 
to a two-dimensianal one. Mem~i le ,  the flow field inside the gas- 
ifier is assumed to be in steady and cold conditions. The k-e two- 
equations turbulence model was used with isotropie assumptions 
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Fig. 2. Schenlalie a" expwhnental gasifier and detailed m-ucOwe 
of the burner. 

Table 1. Some geomeff-y pm'mneters of gashqer m d  burner (mm) 

1 T/D gasifier Bumer 

I.D. Length D 1 D2 D3 D4 

200 2,050 60 13.28 12 3 

of  the fluid flow. Therefore, the geno'al form of  the governing equa- 
tion for this system can be described as follows: 

~E<POV,-F,~)] + ~bOV. - F , s  S , (1, 

The meanings of@, F~ and soaree item S§ of each conservation equa- 
tions are shown in Table 2. 
2. Boundm:y Conditions 

2-1. Inlet 
The oxygen is blowing in fixnn the off-axis position (not fi'om 

certer hole of the Immer) and the high inlet velocity U,, and the inlet 

Table 2. r Fr and source item S t of each eonservmion equations 

E quati on r F+ S+ 

Continuous 1 0 0 

_~_.p_~_2pcV, +1 0 (  0v,~+ 0 (  OVA 
Axial momentum V, P~e Or r 2 r~r~,rg~e~r ) ~z(,Pes ) 

~o.." + 1 0 / ~'V,\ + 0 ? ~V~h 
Radialmomentum V0 B,z - O z  r ~ r [ r B ~ ' z )  ~z~B*Z~'z) 

Turbulent kinetic energy k Bar G-~-CgC 

Kinematics rate of dissipation c Bar ~ (C, Gh--C:P C) 
(Yr K 

G~ ~t 2 3V' + ' 

k 2 
II~z=g +g, lt,=c,p~- 
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Fig. 3. Simulation result of velocity distribution inside the gasifier. 
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pressure P~, are assumed to be tmifcml distdbutioi1 Meanwtfile, 
the axial (V,) and radial (V,,) velocity components are also consid- 
ered about the mjeclic~l angle 0~. The inlet turbulence kinetic energy 
k and dissipation rate s are set as follows: 

1 ~ 
k,~, = ~I,~,U,~,, where I,~ means the velocity ratio of fluctuation to 

I l l e a I 1 .  

k,!;~ 
~ ' " -  (0.005R) ' where R means the radius of the computation 

rid& 

2-2. Outlet 
The flow field is assumed to be fully developed at the outlet of 

the gasifier In order to meet the needs for mass conservation, the 
velocity at the outlet was corrected by the flow rate of the gas. 

( ~ )  =0, ~ =V:  V,, P, k and e (2) 

2-3. Axis 
The characteristic of the flow field is symmetrical, which means 

( O0"~=0 0=V~, V,, P, k and e. 
Ozj ' 

2-4. Whll 
The wall fimction was usedto deal with the points near the wall. 

By defining the local Reynolds number: 

+ 114 1/2 Y : p Cv K~ y/ la  (3) 

The shear stresses near the wall can be expressed as: 

% = la Ve g+< 11.63 
Y~ 

CI,:4 ~.i/2 V % = p p  .~ r,~ ~ +> Y 11.63 (4) 
ln(EY +) 

where ys is the distance of the point P to the wall, [3=0.4187, E = 
9.793. 
3. Solution Method 

During simulation work, the flow field was divided into non- 
uniform grids. The governing differential Equation in Eq. (1) was 
integi-ated over each control volume. The momentum equations were 

Table 3. Some constants used in the program 

C 1 C 2 C D C> (5~ 0~. Ut~ Pt~ 

1.44 1.92 1.0 0.09 1.0 1.3 255 m/s 1 atm 

May, 2001 

specially treated by using the staggered grid systean, wtfile the pres- 
sure-correctic~l equation was applied to avoid false diffusion. The 
power-law scheme is used for convectic~l-diffusion formulation and 
the line-by-line TDMA method was used for the discrete algebraic 
equations. The SIMPLE algcdtlml suggested by Patm~ka [1980] 
was applied for the whole iteration procedure. 

RESULTS AND DISCUSSION 

During the calculation, the conlputer modd was gradually made 
more complex, which memlt conside~g many of the various hfflu- 
ence parameters one by one. The region was divided into 51 • 
non-uniform e,m-~nely fine grids at the burner Met regioix As to 
tile designed opel-amg cc~iditions, the O2 is injected in fi-oln the off- 
line position with an injection angle of c~= 15 o at a high input velocity 
U,~. Sonle other constants used rathe model are shown m Table 3. 
1. Velocity Field Inside the Gasifier 

Fig. 3 is the sinmlation result of velocity dislribution inside the 
reactor From here we can see, when the gas injects m, it will ex- 
pand and form a lmrabolic velocity profile with maxJmum magni- 
tude near the centerlme. Because of the very fine grids at the inlet 
region m order to see the vdocity dimibution in tim small area more 
clearly, an enlalgement of Fig. 3 is shown m Fig. 4. As shown in 
Fig. 4, when the oxygen blows in at an angle, the maximum velocity 
is not at the center at first while after a short distance, the velocity 
asstmles a l~-abolic shape profile. Memreetfile, thele is a small inter- 
nal re~-culation zone at the burner inlet region. Wtlen the gasifier 
length is greater than 1.0m, the flow field becomes uniform with 
lil*le change along the axis and the influence of the gas blowing 
appears not to be significant. An external recirculation zone is formed 
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Fig. 4. Enlargement of the burner inlet region in Fig. 3. 
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along the gasifier with its influence length less than 1.0 m. Fig. 5 is 
an illustration of  the streamline distribution of the flow fiekt It shows 
tile extenlal rechculation more clearly and tile whole flow field ap- 
pears like a pair of scissors when blowing in at high speed. This is 
reasonable for design purposes, but tile exlmnsion of flow is not 
very large due to the very small inlet position. 
2. In f luence  of  the O~ Inject ion  A n g l e  

Tile designed O~ mjecdc~l angle on tile burner is 0~ 150 m K]GR 
gasifier. In order to examine the influence of inlet angle on the flow 
fiekl, tile O~ rejection angle is changed fi-onl o~ 0 ~ o~ - 1 5  ~ to o~ 
450 respectively. The calculation results are shown in Fig. 6. It can 

be seen from Fig. 6 that there are some differences atthe inlet region 
near tile burner and centerline zone when tile gas blows m fi-oln dif- 
ferent angles. But as to tile whole flow, tile flow field does not c t~lge  
much with different O~ mjectic~l angle. 
3. Inf luence  o f  the O~ Injec t ion  D i a m e t e r  

According to the design data, the O~ injection diameter is only 
1.28 llml (calculated froln tile position 13.28 mln-12mln). We en- 
larged its dianleter fioln 1.28 llml to 4 inlil (which means tile oxy- 
gen injection positions are from D = 12 m m  to D = 16 mm) with the 
other conditions remaining unchanged The calculation results are 
shown in Fig. 7. It shows that there is a big difference at the inlet 
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Fig. 9. Schematic diagram of burner position. 

region comparing with Fig. 3. Tile gas inlet diameter will charge 
the flow field especially at the inlet region near the burner. How- 
ever, still we can see that after a certain length along the gasifim; 
the flow field is nearly the same as that in Fig. 3. 
4. Influence of the Inlet Velocity 

Tile above calculations are based on tile designing inlet velocity 
of ~, ,=255 m/s. In order to investigate the influence of the inlet vel- 
ocity on the flow field, a wide range of inlet velocities which are 
fiom 1 nffs to 273.25 m/s were examined during simulation par- 
ameter study Fig. 8. is the case when the inlet velocity decreases to 
1 lll/s. Tile calculation reset  shows that tile basic shape of flow field 
are nearly the same as that in Fig. 3, except that the magnitude of  
velocity componmgs, pressures and other parameters of  the flow 
field will certaitfly decrease correspc~ldingly at each grid paints. 
5. Influence of the Extension in Burner Length and Round 
Boundary 

In order to simplify tile problem, we did tile calculation based 
on the inlet part as shown in Fig. 9(a). But actually in the real design, 
tile geometric schematic of tile inlet part is as shown m Fig. 9('0). 
Therefore, we modified the boundary conditions to see the differ- 
ence between these two cases. In file simulation work, the grid sys- 
tem was redefined and file round edge boundary was treated as step 
shape. The calculation result is shown in Fig. 10. From the results 
we can see that file basic shape of  the flow field is nearly file same as 
that in Fig. 3. Tile ex~lsic~l in bui le r  length and round edge bound- 
ary do not influence file flow field greatly. Fig. 10 can serve as file 
final result of  the flow field inside tile gasifier. 

6. Influence of Gasifier Length 
The designed length of the elm'ained flow gasifier in KIER is 

2.05 m. As obtained results fi-om tile expelmlents, every gasifica- 
tion process are fu~hed  within a length less than 0.5 m. In order to 
see the effect of gasifier length decrease onthe flow field, we did the 
calculatic~l for tile case of gasifier length of 1 m. Tile calculation 
results for this case are shown in Fig. 11. Comparing Fig. 11 with 
Fig. 10 we carl see that the flow filed did not  change greatly. 

C O N C L U S I O N S  

To investigate more detail about file flow field inside an enb-ained 
flow gasifiel; some parametiic studies were peffomled by chang- 
ing file gas mjectic~l angle, gas inlet diametel, gas inlet velocity, ex- 
tension in burner length and gasifier geometry. From the simulation 
results, we can draw file following conclusions: 

1. The basic patterns of  the flow field inside the gasifier at differ- 
ent conditions are nearly the same with a parabolic disttibutioi1 Wtlen 
oxygen blows in, it expands with the larger velocity at the center 
region and smaller velocity near tile wall. There exists an obvious 
external redrculation region which was caused by rejection fi-c~n 
the center. The length of  the recirculation zone is less than 1.0 m 
and tile flow becomes uniform with a gasifier length greater than 

1.0m. 
2. The results show also that the basic flow pattern inside the gas- 

ifier do not change greatly when the parameters are ct~lgec[  Tile 
geometric parameters of the burner such as the oxygen inlet di- 
anleter arid mjectic~l angle, iiffluenced tile flow field greatly at the 
inlet region near tile btnim: But after a certain length along tile gas- 
ifier, the flow field is nearly the same as that in the basic case. 

REFERENCES 

Arakawa C., ~Computalional Fluid Dpla~mcs for Engineering:' Uni- 

0,10' 

0.05" 
g , 

0.00" 
k5 

g" -e0s- 

. : = ! !  ! ! =. _= 

g : : ; :  : : : [ 

0.0 

), 

) 
0.2 

) ) ) 1 ! # .-= 

4 
." = = =. 

P I 

0 :4  

Gasi f ier  length(m) 
0.6 

Fig. 10. Influence of the burner inlet geometry on the flow field. 

o . ~ - : i ! ! :  : : ........ 

,0.10 ] " : ~ ~ r. : . 

) ,  ) i) ) ) t 

0.0 o.2 

Fig. 11. Influence of gasifier geometry on tile flow field. 

May, 2001 

Gasifier length(m) 
0.4 0.6 



Numerical Analysis of the Flow Field inside an Entrained-Flow Crasifier 381 

versity of Tokyo press (1994). 
Chang, Y H., ~A Mathematical Modeling for the Gasification of Single 

Coal Partide~' Korean ~ Chem. Eng., 23, 273 (1985). 
Govin, R. and Shah, J., ~Modeling and Simulation of an Entrained Flow 

Coal GasifieF,'AJChE Journal, 30, 79 (1984). 
Lee, J. M., ~Modelmg and Coal Gasification m an Intenlally Circulat- 

ing Fluidized Bed ReactoF,' HWXHXKKONGHAK, 38, 259 (2000). 
Liu, Ni J., ~Numerical Shnulafon of Cc~tl Go~sificatiol~' Pos~-doc report, 

KIER (1999). 
Park T. J., Kim, J. H., Lee, H. J. and Lee, J. G., ~Development of En- 

trained-Flow Coal Gasifi~' The Lafn-American Congress: Elec- 
tricity Generation and Transmission, Nov. 9-13, Brazil (1999). 

Patai~k~; S. V, "Num~ical Heat Tr~lsfer and Huid FloG' McGiaw- 
Hill Book Co. (1980). 

Spalding, D. B., "Numerical Prediction of Flow, Heat Transfer, Turbu- 
lence mid Colnbustioll~' New York, Pergamon press Ltd. (1983). 

Korean J. Chem. Eng.(VoL 18, No. 3) 


