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Abstract
The raw syngas e�uent from a �uidized bed gasi�er typically contains a large amount of �y ash having
a high concentration of carbon, which is undesirable. The present work examined the newly developed
entrained-�ow gasi�cation technology intended to gasify raw syngas. Simulation of gas-solid �ow and
reaction behavior in an industrial-scale entrained-�ow gasi�er applying this new technology was �rst
performed to obtain a better understanding of the particle �ow and gasi�cation characteristics. In
addition, the devolatilization and heterogeneous reactions of �y ash particles were characterized by
thermogravimetric analysis and user-de�ned function. The predictions from the simulation showed good
agreement with the results of in situ experimental measurements. The combustion reaction for raw
syngas occurred in the burner jet zone. As the hot gaseous products diffused, gasi�cation reactions
dominated the other zones. When burner inclination angle was 0°, 8.5°, and 25.5°, the temperature at the
bottom outlet of the gasi�er was lower than the ash fusion temperature with the value of 1360 °C. Solid
slag formed and blocked the outlet. By comparison, this gasi�er with the burner inclination angle of 17°
could discharge the liquid slag and function as a continuous operation. In this way, the carbon
conversion in �y ash reached the maximum value of 89.5%.

Introduction
Coal gasi�cation which converts elements C and H from coal into effective syngas (CO + H2) is the key
technology for clean and e�cient utilization of coal and production of coal-based chemicals (Chang et
al., 2016). Industrial coal gasi�ers are usually categorized into the �xed bed gasi�er, the �uidized bed
gasi�er, and the entrained-�ow gasi�er (Wu et al., 2010; Dogru and Erdem, 2019; Pan et al., 2016; Ayola,
Yurdakos and Gurgen, 2019; Li et al., 2018; Tamošiūnas et al., 2019; Zeng et al., 2014). Fluidized bed
gasi�cation develops rapidly in China's coal chemical industry and occupies a large market share due to
its advantages of high heat and mass transfer e�ciency, mature process, high annual operation rate, and
low production cost (Matsuoka et al., 2013). Unfortunately, the operating temperature of the �uidized bed
gasi�er is low at about 900–1000 ℃, so the char particles formed by coal devolatilization only undergo
partial combustion and gasi�cation reactions, and eventually form �y ash with higher carbon content. A
large amount of �y ash was contained in the generated raw syngas, which reduces the quality of syngas
and even affects the stable operation of the gasi�er system (Chen, Namioka and Yoshikawa, 2011; Xu et
al., 2010).

To mitigate the above problems, post-treatment systems for the removal of �y ash are typically installed
at the gasi�er outlet. These systems successively include cyclones, bag dust collectors, and various wet
removal processes. In the case of a cyclone separator, only the larger particles (> 5 µm) are separated and
returned to the gasi�er chamber through the return conduit, while the remaining �y ash is carried into a
bag dust collector by the �ow of the raw syngas. Much of the �y ash is then captured by the �lter cake on
top of the bag �lter material, such that the relatively small �y ash particles (0.1-5 µm) are separated. The
remaining material with particle sizes less than 0.1 µm has to be removed using a wet process, such as a
spray tower, wash tower, or Venturi tube scrubber (Yoshida, Ono and Fukui, 2005; Wang et al., 2013),



Page 3/26

employing a liquid as the dust collector to capture particles from the gas stream. This type of post-
treatment system suffers from several challenges. First, the high rate of water consumption required
makes such processes unsuitable for use in regions where water is scarce. Second, the sewage generated
by the wet removal has to be treated, which signi�cantly increases costs. Finally, these physical removal
processes cannot reduce the carbon content in the �y ash.

The �y ash contained in the raw syngas from a �uidized bed gasi�er tends to have a high carbon content
(20–40%) (Kelebopile, Sun and Liao, 2011; Ouyang et al., 2018). The �y ash particles are internally
porous, have loose structures, and are readily crushed. In addition, the pores in these particles can absorb
signi�cant amounts of water and high-temperature sintering loss. These characteristics together tend to
restrict the potential utilization of �y ash as a raw material. As such, the dry ash separated from the bag
dust collector cannot be used to make cement or concrete admixtures, or to produce foamed glass or
ceramics. In addition, the wet ash �ltered from the sewage is mud-like and can contain numerous
pollutants, such as heavy metals and small amounts of tar and phenol. This material is also inconvenient
to transport and cannot be used directly. Therefore, �y ash recovered from post-treatment systems is
often simply disposed of via land�ll (Hurt et al., 1998), even though this is not a sustainable option as it
uses valuable land and can lead to environmental degradation (Ahmaruzzaman, 2010). Discarding �y
ash also represents a monetary loss because this material contains a signi�cant quantity of unburned
carbon and thus could serve as fuel in a �uidized bed combustor. Ouyang et al. (Ouyang et al., 2018)
investigated the combustion characteristics and NOx emissions associated with the coal gasi�cation of
�y ash in a 0.4 MW preheated combustion test rig, and found a maximum �y ash combustion e�ciency
of 98.6% with NOx emissions of 155 mg/Nm3. Some commercial processes (Blissett and Rowson, 2012)
also use �y ash as a secondary fuel, which removes most of the unburned carbon in �uidized bed
combustors. However, there have been few reports focused on the gasi�cation of �y ash using an
entrained-�ow gasi�er.

A novel technology for the puri�cation of raw syngas has been developed in which �y ash is treated in an
entrained-�ow gasi�er after coming directly came from a �uidized bed. This process is referred to as �y
ash entrained-�ow gasi�cation, and the �rst 80,000 Nm3/h �y ash entrained-�ow gasi�er was
constructed in Liaoning, China in 2015 (Fang et al., 2020). As this unit can be considered to be dilute-
phase entrained-�ow reactors, it does not directly gasify pulverized coal, but have the same advantages
as coal entrained-�ow gasi�ers. In addition, because the �ne ash is rapidly heated in this system to
generate molten particles, the unburned carbon is almost completely exhausted, while the remaining ash
forms a liquid slag that is discharged from the gasi�er. In this manner, a �y ash entrained-�ow gasi�er
effectively converts the small particles into raw syngas. Consequently, this kind of gasi�er can replace the
wet removal equipment in a typical �y ash post-treatment system while removing the generation of
sewage and lowering equipment costs. This process can also reduce the carbon content in the �y ash to
less than 3% while recycling the carbon and energy from the �y ash.

In view of the extensive application of numerical simulation to visually provide detailed information on
the complex process of reactions in gasi�ers (Wu et al., 2010; Hurt et al., 1998; Myöhänen, Palonen and
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Hyppänen, 2018; Li et al., 2020; Fang et al., 2019; Chen, Hung and Chen, 2012), a comprehensive three-
dimensional numerical simulation was developed to get a full understanding of the particle �ow and
gasi�cation characteristics in industrial-scale �y ash entrained-�ow gasi�er. The operating conditions can
affect the performance of a gasi�er. The structural parameters also have a signi�cant impact on the
operation performance, although these effects have only rarely been researched. Adjusting the burner
inclination angle helps to optimize the design of the gasi�er. Therefore, the present work assessed the
effects of different burner inclination angles (0°, 8.5°, 17°, and 25.5°) on the �ow and reaction behaviors
in a gasi�er.

80,000 Nm3/h Fly Ash Entrained-�ow Gasi�er
The schematic drawing of the 80,000 Nm3/h �y ash entrained-�ow gasi�er is illustrated in Fig. 1. The
coordinate origin is located at the bottom of the gasi�cation chamber. z is the distance to the gasi�er exit
along the height direction, and the settings of x and y are presented. The wall of the gasi�cation chamber
is constituted by �rebricks made by China Luoyang Institute of Refractories Research Ltd. On the wall at
the same height above the bottom of 3.13m, six burners are evenly arranged along the peripheral
direction. From the top view, all burners deviate β from the gasi�er center. And in the vertical plane, all
burners incline the horizontal direction by α (referred to as burner inclination angle). Five measuring
points (port1, port2, port3, port4, and port5), in the same perpendicular direction, are distributed in the
middle of two adjacent burners. From the center to outward, two parallel channels are concentrically
arranged in the burner, i.e., the central channel and the outer channel respectively convey the gasifying
agent and raw gas. In the raw syngas, the volume percentage of CO, H2, CO2, and H2O is 19.4%, 24.30%,
13.0%, and 40.1%, respectively. The amount of N2 and CH4 is very small, about 1.12% and 1.98%.
According to the GB/T219 and GB/T1574, the characteristics of �y ash in the raw syngas are listed in
Table 1.
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Table 1
Speci�cations of the �y ash in the raw syngas.
Items Data

Proximate Analysis (wt %, dry)  

Volatile matter 8.3

Fix carbon 36.5

Ash 55.2

High heating value (MJ·kg− 1) 15.3

Ultimate analysis (wt %, dry ash free)  

Carbon 91.2

Hydrogen 1.2

Oxygen 4.7

Nitrogen 1.2

Sulfur 1.7

Deformation temperature (℃) 1260

Softening temperature (℃) 1290

Fusion temperature (℃) 1360

The inlet raw syngas came from an Ende circulating �uidized bed gasi�er (Liu et al., 2019). Liquid slag is
discharged from the bottom outlet of the gasi�er, while the gaseous products escape from the top outlet
into the waste heat boiler. The �y ash entrained-�ow gasi�er pressure (gauge pressure) is 11.5 kPa, and
the operating parameters are shown in Table 2.

Table 2
Operating parameters of the �y ash entrained-�ow gasi�er.

Channel Components Mass �ow rate (kg h− 1) Velocity (m s− 1) Temperature(°C)

Central channel O2 10989 27.5 107

H2O (g) 594 27.5 107

Outer channel Raw syngas 65787 80.1 832

Fly ash 6721   832

Model Description And Simulation Method
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3.1. General description
Measuring the particle �ow and gasi�cation characteristics in a real gasi�er directly (Niu et al., 2008a;
Yan et al., 2009; Niu et al., 2008b; Zhong et al., 2009) is di�cult because of the enormous risk of leakage
and explosion of combustible gas. As a more cost-effective mean, three-dimensional numerical
simulation was conducted using the Fluent software (version 6.3). Gas turbulence was taken into
consideration by the realizable k-ε model (Shih, Lion and Shabbir, 1995). The Lagrangian stochastic
tracking model was applied to analyze the particle motion, while calculations of gas/particle two-phase
coupling employed a discrete phase model (Gosman and Loannides, 1981). Radiation was described
using the DO model (Lu and Wang, 2013). The non-premixed combustion model with the secondary
stream (Fang et al., 2019; Bi et al., 2015) was used to model the turbulence-chemical interactions. Fly ash
and raw syngas were respectively represented as empirical fuel steam and secondary steam.

3.2. Particle reactions model
Because the mass fraction of volatile in �y ash was less than 10%, the simple one-step model (Badzioch
and Hawksley, 1970) was applied to describe the devolatilization process. The reaction rate Rv is
calculated as follows:

Rv =  mc A exp ( E / RT )

where mc and T are the mass of volatile in particles (kg) and particle temperature (K), respectively. The
pre-exponential factor A, and activation energy E obtained from the thermogravimetric analysis are
2.72×107 s− 1and 140 kJ mol− 1, respectively.

The �xed carbon of �y ash mainly reacts with H2O and CO2, while it also reacts with O2 in the oxygen-rich
area. In order to accurately describe the heterogeneous reactions of �y ash, the kinetic parameters were
introduced to the non-premixed combustion model using the user-de�ned function (UDF). Related
calculations can be found in the literature (Fang et al., 2019). The values of the pre-exponential factor
and activation energy are given in Table 3.

Table 3
Kinetic parameters for heterogeneous reactions.

  C + O2 a C + H2O b C + CO2

A (s− 1) 1.12×107 6.42×105 1.76×106

E (kJ mol− 1) 141 211 325

Note: a refers to (Jing et al., 2014), b refers to (Jing, Wang and Fang, 2013).

The kinetic parameters in the �y ash devolatilization process were measured by using the
thermogravimetric-differential scanning calorimetry mode of a STA449C thermal analyzer. Before the
experiment, a separate blank run was performed for baseline correction. After the vacuum operation,
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about 5 mg sample was loaded into an alumina crucible. The sample was warmed from room
temperature to 110 ° C, and then was dried and dehydrated by constant temperature for 10 minutes. The
sample was heated under an N2 atmosphere (60 mL/min) up to 1200°C with heating rates of 35°C/min.
Kinetics characteristics of �y ash and CO2 were also investigated under the CO2 atmosphere. Finally,
kinetic parameters were obtained by distributed activation energy models (Blázquez, Zamora and Calero,
2017). The thermogravimetric analysis had an error of less than 5%. Detail methods of tests and data
calculations were described in the literature (Wang et al., 2018).

3.3. Grid meshing and algorithm
ANSYS ICEM software was used in this work. The structured hexahedral mesh was used in global
geometry, and it was re�ned near the burners. Owing to the symmetry �ow �eld in the gasi�cation
chamber, 1/6 of its grid (see Fig. 2) was employed as a computational domain. The boundary condition
for the symmetric plans was “periodic”. Grid-dependent tests were conducted with three grid systems of
approximately 610,000, 888,000, and 1,205,000 cells and revealed the grid independence. The grid of
888,000 was adopted to balance the speed and accuracy of calculations.

The pressure-velocity coupling was described by SIMPLE algorithm. The “PRESTO” scheme was used to
discretize the pressure and the “second-order upwind” scheme was chosen for the other terms. These
discretized equations were solved by the pressure-based implicit method.

Results And Discussion

4.1 Model veri�cation
The puri�ed syngas at the top outlet of the �y ash gasi�er was cooled via a spray of water to avoid
overheating the waste heat boiler. The exit syngas in the simulation and experiment was sampled after
the �y ash gasi�er and waste heat boiler respectively, so their results cannot be directly compared.
However, the results of in situ temperature measurements at a distance of less than 50 mm from the
gasi�er wall (with a burner inclination angle of 17°) are shown in Fig. 3 and are compared with those
acquired from simulations. The range of measurement error is the maximum deviation obtained from
multiple measurement statistics. The platinum-rhodium thermocouples covered with a corundum ceramic
shield were used to measure the temperature. Meanwhile, the measurement range of the thermocouple
was 0 ~ 1550°C, and the measurement error for the gasi�er constructed of �rebricks was less than that
for gasi�er formed by cooling screens with the range of 1.4%-8.0% (De, 2019). Here the thermocouples
were inserted through the holes opened on the �rebricks (the measurement ports were presented in Fig.
1). The predictions from the numerical simulations are all consistent with the experimental values, with
discrepancies of less than 100°C. This agreement indicates that the models used in the present research
are suitable for predicting the performance of the �y ash entrained-�ow gasi�er.

4.2 Flow �eld and velocity distribution
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The velocity vector on the x-z plane is seen in Fig. 4(a). The �ow �eld in �y ash entrained-�ow gasi�er at a
burner inclination angle of 17° can be divided into �ve regions: the jet zone (JZ), swirling mixture zone
(SZ), recirculation zone (RZ), upper swirling �ow zone (USZ) and lower swirling �ow zone (LSZ). Both the
gasifying agent and raw syngas �ow into the gasi�cation chamber and form the JZ, after which the
air�ows from all six JZs are rotated and mixed in the SZ. These two zones can be distinguished along the
z-direction of the velocity vector and there is a surrounding recirculation zone between the wall and the
JZ. The boundary between the JZ and RZ is de�ned herein as the edge at which the velocity is 5% of the
initial velocity of the raw syngas. The hot gaseous products entrained by recirculation can lead to high-
temperature corrosion of the burner and nearby wall, and therefore thermal protection should be provided
for these regions. The upper and lower swirling �ow zones are divided by the SZ and RZ, and extend to
the top and bottom outlet of the gasi�cation chamber, respectively. Because the six burners deviate from
the horizontal plane at speci�c downward angles, the majority of each air�ow descends downward from
the SZ, impinges on the sloping wall at the bottom of the gasi�cation chamber, and then �ows upward.
There are also some air�ows that directly diffuse upward.

The radial distribution of axial velocity on different elevations is presented in Fig. 4(b). r denotes the
radial distance from the gasi�er axis. The plane that passes through the center of the burner exit and is
parallel to the x-y plane is de�ned as the burner plane, and the vertical height of the burner plane is 3130
mm. Here, R is the diameter of a speci�c cross-section and, as r/R increases (i.e., moving radially outward
from the gasi�er center), the axial velocity on the burner plane �rst decreases on going to the trough and
then increases to a maximum at the radial position r/R = 0.4. This represents the boundary between the
JZ and SZ. This effect occurs because the convergence of air�ows from two adjacent burners
strengthens both �ows in the axial direction and leads to a peak velocity. In the JZ (r/R > 0.4), the axial
velocity �rst decreases to zero then continues to decrease on going to the trough, at which point it
increases slightly. At the cross-sections at z = 2.5 and 1.5 m, the radial positions at which the axial
velocity is zero near the gasi�er axis (r/R = 0.73 and 0.87, respectively) are the boundaries between the RZ
and the JZ. At the cross-section at z = 6 m, the initial value of the axial velocity has a small negative
value, indicating that there is a weak recirculation zone in the center of the section. As r/R increases, the
axial velocity increases to a peak and then slowly decreases.

4.3 Temperature and species distribution
The temperature distribution on the x-z plane (a) and burner plane (b) under the burner inclination angle
of 17° is shown in Fig. 5. The combustion reaction of the raw syngas occurs in the JZ, in which the
gasi�cation agent is surrounded by the raw syngas and the two �ows are injected in parallel from the
burner. The initial temperature of the syngas is 832°C, which exceeds its ignition point, so a �ame extends
from the outer surface of the gasi�cation agent to the center, generating a V-shaped structure in which
the maximum temperature is about 2220°C. The �ame inclines downward, such that the region
underneath the �ame is heated much more rapidly than in other areas. In addition, as the hot gaseous
products diffuse, the temperatures in the SZ, RZ, and LSZ all exceed 1650°C. Oxygen is consumed rapidly
in the JZ, so a high-temperature, strongly reductive environment is formed in the other zones, which
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favors the gasi�cation of the �y ash entrained by the raw syngas. It is important to note that the sloping
wall at bottom of the gasi�cation chamber must be able to withstand the corrosive air�ow and
temperatures up to 1830°C as well as the scouring effect of the �y ash. Thus, the �rebricks in this area
are made of a material with high chromium content. The temperature at the bottom outlet of the
gasi�cation chamber is approximately 1527°C, so liquid slag is discharged from this outlet. Because of
the cooling effect provided by a portion of the raw syngas that diffuses directly upward from the JZ, the
temperature in the USZ gradually decreases to 1330°C along the z-direction.

Figure 6 and Figure 7 respectively present the mole fraction contours of CO and H2 on the x-z plane (a)
and burner plane (b) under the burner inclination angle of 17°. As a result of the relatively high oxygen
concentration in the center of the JZ, both CO and H2 are rapidly consumed in this region. In addition, the
H2 concentration in the vicinity of the burner outer channel is much higher than that in the USZ, while the
CO concentrations in these two zones are similar. During the combustion reaction between the raw
syngas and oxygen, H2 is also consumed, and the cold gas e�ciency values before and after the �y ash
entrained-�ow gasi�er are 60.5% and 59.9%, respectively.

4.4 Particle distribution and residence time of �y ash
The particle concentration contours on the x-z plane (a) and burner plane (b) under the burner inclination
angle of 17° are given in Fig. 8. The �y ash particles are primarily distributed at the bottom outlet and the
straight wall near the top outlet of the gasi�er. The temperature of the latter region is nearly 1330°C (see
Fig. 5) and is slightly lower than the �ow temperature of the �y ash. A small amount of solid slag may be
formed under these conditions, but would not be expected to block the top outlet because the majority of
the ash is transformed to liquid slag and discharged from the bottom outlet. After the prolonged
operation of the gasi�er, any blockages tend to accumulate on the straight wall near the top outlet and
subsequently slide downwards under their weight.

The trajectory distribution of �y ash particles in the gasi�cation chamber under the burner inclination
angle of 17° is plotted in Fig. 9. The residence times of the �y ash particles in units of seconds are
indicated by colors. Most particles undergo a helical motion as they move through the SZ, LSZ, and USZ
successively, so that their trajectories are close to the wall surface. As a result, the pathlength that the
particles travel over is quite long and their average residence time is more than 6 s, which tends to
increase the conversion rate of carbon in the �y ash. Some particles escape directly from the SZ and
passed through the USZ with a smaller radius of rotation, resulting in a reduction of the residence time by
half.

4.5 In�uence of different burner inclination angles
The temperature distribution in the lower gasi�cation chamber at various burner inclination angles is
shown in Fig. 10. Increasing the burner inclination angle from 0° to 25.5° transfers the high-temperature
zone (>1700 ℃) from the center of the gasi�er to the inclined wall below the burner. In practical usage,
burner inclinations of 17° and 25.5° may result in damage to the inclined wall. It is also evident that the



Page 10/26

offset of the V-shaped �ame in all four cases is extremely small because the pressure difference between
the burner exit and the top outlet of the gasi�er is su�ciently large such that the gasifying agent and the
raw syngas quickly shift upward after leaving the burner. At burner inclination angles of 0°, 8.5°, and
25.5°, the temperatures at the bottom outlet of the gasi�er are lower than the ash fusion temperatures
(see Table 1), such that solid slag will form and block the outlet. This effect is attributed to the movement
of the high-temperature zone away from the bottom outlet. In contrast, a burner inclination of 17°
produces a temperature greater than 1500 ℃, so the �y ash entrained-�ow gasi�er can discharge the
liquid slag and function as a continuous operation.

Modifying the oxygen-to-carbon ratio is commonly used to tune the temperature in the gasi�er (Matteo et
al., 2013; Xu et al., 2016; Kong et al., 2014). Changing the stoichiometric ratio between the gasi�cation
agent and the coal (including biomass, �y ash, and other carbonaceous combustibles) varies the
intensity of the combustion reaction and thus affects the temperature values throughout the gasi�er.
However, this parameter has limited in�uence on the distribution of the combustion area and �ow �eld. In
the present work, the burner inclination angle was examined as an adjustable structural parameter, and
simulated variations in this angle were found to dramatically affect the distribution of the high-
temperature zone. This effect could be bene�cial in terms of addressing the problems of solid slag
blocking the outlet and burning of the gasi�er wall.

The axial velocity �elds in the lower gasi�cation chamber at various burner inclination angles are given in
Fig. 11. The burner inclination angle has only a minimal effect on the distributions of the JZ and LSZ. As
the burner inclination angle increases from 0° to 17°, the maximum velocity in the SZ gradually increases
while the size of the SZ decreases. In contrast, when the burner inclination angle increases to 25.5°, the
maximum velocity in the SZ decreases and that zone becomes slightly larger. The recirculation zone
above the JZ expands while that below the JZ shrinks when increasing the burner inclination angle from
0° to 25.5°.

Figure 12 presents the effects of burner inclination angle on effective syngas concentration and carbon
conversion of �y ash at the gasi�er exit. As the angle increases from 0° to 17°, the mole fraction of the
effective syngas and the rate of carbon conversion in the �y ash at the gasi�er outlet both increase.
However, an angle of 25.5° reduces both of these variables. These two parameters characterize the
gasi�cation e�ciency and show maximum values of 0.363 and 89.5%, respectively, when the burner
inclination angle is 17°. Based on safety considerations and optimizing the gasi�cation e�ciency in �y
ash entrained-�ow gasi�er, the optimal burner inclination angle is evidently 17°. This angle would allow
the continuous stable operation of the gasi�er while reducing the effective gas consumption and
improving the conversion of carbon in the �y ash.

Conclusions
The present work reported on a numerical investigation into particle �ow and gasi�cation characteristics
within an 80,000 Nm3/h �y ash entrained-�ow gasi�er. Effects of the burner inclination angles (0°, 8.5°,
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17°, and 25.5°) on the gasi�cation e�ciency were determined. The non-premixed combustion model with
the secondary stream was adopted, and the heterogeneous reactions of �y ash were described by a user-
de�ned function. The conclusions are as follows:

(1) The �ow �eld in the gasi�er can be divided into �ve regions: jet zone (JZ), swirling mixture zone (SZ),
recirculation zone (RZ), upper swirling �ow zone (USZ) and lower swirling �ow zone (LSZ). The
combustion reaction of raw syngas occurred in the JZ. As the diffusion of the hot gaseous products,
gasi�cation reactions were dominant in the other zones.

(2) Most particles underwent a helical motion through the SZ, LSZ, and USZ successively, so their
trajectories were close to the wall surface and their average residence time was more than 6 s. Some
particles escaped directly from the SZ and passed through the USZ with a much shorter residence time.

(3) At burner inclination angles of 0°, 8.5° and 25.5°, the temperatures at the bottom outlet of the gasi�er
were lower than the ash fusion temperatures (1360 ℃), such that solid slag would form and block the
outlet. In contrast, the burner inclination of 17° produced a temperature greater than 1500 ℃, so the
gasi�er was able to discharge the liquid slag and functioned as a continuous operation.

(4) The mole fraction of effective syngas (CO + H2) and carbon conversion rate of �y ash at the gasi�er
outlet which characterized the gasi�cation e�ciency showed maximum values of 0.363 and 89.5%
respectively at the burner inclination angle of 17°. This optimal setting was recommended based on
safety considerations and optimizing the gasi�cation e�ciency.
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Figure 1

Schematic drawing of the 80,000 Nm3/h �y ash entrained-�ow gasi�er (unit: mm).
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Figure 2

Grid divisions (unit: m).

Figure 3

Distribution of temperatures near the wall of the gasi�cation chamber.
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Figure 4

Display of the axial velocity.
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Figure 5

Temperature contour.
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Figure 6

Mole fraction of CO.
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Figure 7

Mole fraction of H2.



Page 22/26

Figure 8

Concentration distribution of particles.
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Figure 9

Trajectory distribution of �y ash particles in the gasi�cation chamber.
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Figure 10

Temperature contours at various burner inclination angles.
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Figure 11

Axial velocity distributions at various burner inclination angles.
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Figure 12

Effective syngas concentration and carbon conversion of �y ash.


