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Abstract: In order to develop the central gas flow in
COREX shaft furnace, a new installment of center gas
supply device (CGD) is designed. In this work, a coupled
DEM–CFD model was employed to study the influence of
CGD on gas–solid flow in COREX shaft furnace. The particle
descending velocity, particle segregation behaviour, void
distribution and gas distribution were investigated. The
results show that the CGD affects the particles descending
velocity remarkably as the burden falling down to the slot.
Particle segregation can be observed under the inverse ‘V’
burden profile, and the influence of CGD on the particle
segregation is unobvious on the whole, which causes the
result that the voidage is slightly changed. Although the
effect of CGD on solid flow is not significant, the gas flow in
shaft furnace has an obvious change. Compared with the
condition without CGD, in the case with CGD, the gas velocity is improved significantly, especially in the middle
zone of the furnace, which further promotes the center gas
distribution. Meanwhile, the pressure drop in the furnace
with the installation of CGD is increased partly.
Keywords: center gas distribution; COREX shaft furnace;
DEM–CFD; gas–solid flow; pressure drop.
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1 Introduction
Gas–solid counter-current reactor is a moving bed in which
gas flow upward through the particle bed while the
charged solid particles descend from the top and flow toward the outlet. It plays a critical role in ironmaking, coal
gasification, chemical catalysis and other industries due to
its advantages of large capacity and low investment cost
(Kunii and Levenspiel 1991; Spallina et al. 2014; Trambouze
1990). In particular, the ironmaking devices, such as blast
furnace and reduction shaft furnace are typical gas–solid
counter-current reactor. The gas–solid ﬂow in ironmaking
reactors has a signiﬁcant impact on the inner characteristics, such as pressure, temperature and species distributions. Understanding such complex ﬂow in ironmaking
reactor is crucial to achieve the stable operation and
improve the operating efﬁciency.
Recently, with the desiring of high efficiency, low consumption, less environmental impact and so on, large
scale are inevitable (Ueda et al. 2010; Zhu 2009). However,
large-scaled ironmaking reactors face some issues and one
typical problem is un-matched gas–solid distribution.
The outstanding representative is COREX reduction shaft
furnace. Actually, the COREX productivity has an evolution
from 0.4 million tons per year to 1 million tons per year,
reaching current level of 1.5 million tons per year. The mean
diameter of COREX shaft furnace increases from 4.83 m in
COREX-1000 type to 8.3 m in COREX-3000 type (Eberle,
Siuka, and Bohm 2006). However, the low metallization
rate, high fuel consumption and high pressure drop arise in
C-3000 shaft furnace (Li 2008; Wang, Zhou, and Li 2012). All
the problems relate to the insufﬁcient center gas distribution. In order to overcome the technical problems, two
parallel beams of areal gas distribution (AGD) has been
proposed and tested in the shaft furnace of COREX-3000. In
the tentative design, two beams are installed, and the
reducing gas can be blasted into the shaft center via the
triangle-shaped void, who is generated downstream of the
beam due to solid ﬂow (Zhou et al. 2015). Although the AGD
technology is proven effective in improving reduction rate in
plant (Lin, Song, and Xia 2013), it led to other issues such as

2

H. Zhou et al.: Influence of center gas supply device

chocking of gas slots (Zhou et al. 2018). For this reason,
recently, the shaft furnace in COREX-3000 was further
modiﬁed where the most inspiring device is Center Gas
Supply Device (CGD). The gas–solid ﬂow in COREX shaft
furnace with CGD will be featured by the initial gas distribution and complex geometry.
Over the past decades, micro- and macro-scopic properties of gas–solid flow in blast furnace has been extensively
investigated by combining discrete element method (DEM)
with computational fluid dynamics (CFD) (Adema, Yang,
and Boom 2010; Hou et al. 2017; Matsuhashi et al. 2012;
Natsui et al. 2015; Ueda et al. 2015; Zhou et al. 2011). The
successful application of DEM–CFD prompts a detailed
simulation and analysis of gas–solid ﬂow in COREX process
by this approach. For example, Hou et al. developed a full
scale CFD-DEM model to study the gas–solid ﬂow inside a
shaft furnace (Hou et al. 2014), and the effects of discharge
rate and two common burden structures on the thermal
behaviour of gas–solid ﬂow in the shaft furnace were also
investigated (Hou, Li, and Yu 2015). Bai et al. investigated
the inﬂuence of bed conditions on gas ﬂow in a shaft furnace
by DEM–CFD modelling. They conﬁrmed that bed shape has
a signiﬁcant inﬂuence on the gas ﬂow (Bai et al. 2017). These
studies provide useful information on the gas–solid ﬂow in
COREX shaft furnace, while the gas–solid ﬂow in a shaft
furnace with CGD has not been fully understood. Recently,
the author developed a three-dimensional DEM model to
investigate the solid ﬂow in the shaft furnace with CGD
(Zhou et al. 2018), and the effect of geometrical conﬁguration
of CGD on solid residence time was also studied (Zhou et al.
2019). Zhang et al. studied the inﬂuence of CGD structure on
burden descending behavior in shaft furnace through a DEM
model (Zhang, Zou, and Luo 2019). However, gas ﬂow in
shaft furnace with CGD was not considered in these works.
Although the gas distribution and inner characteristics in
shaft furnace with CGD were investigated through a CFD
model (Zhang, Luo, and Zou 2019), the bed porosity distribution is not considered and the voidage is assumed as the
same for the whole bed. Besides, the simulation of gasparticle ﬂow in MIDREX shaft furnace also provided useful
information for the studying about COREX shaft furnace
(Ghadi, Valipour, and Biglari 2017; Valipour and Saboohi
2007). Thus, it is necessary to achieve a detailed exploration
of the gas–solid ﬂow in COREX shaft furnace with CGD
considering the effect of particle segregation on bed voidage
distribution.
In this work, the influences of CGD on gas-flow in
COREX shaft furnace were investigated through DEM–CFD
model. The comparison of particle velocity and segregation
in the shaft furnace with and without CGD was investigated. Then the voidage distribution and gas flow in shaft

furnace was further studied. The superiority and feasibility
of shaft furnace with CGD can be proved through the
contrast of two types findings of this work.

2 Model description
In this work, the gas–solid flow is composed of a discrete
solid phase and a continuous gas phase. The heat and mass
transform between the gas–solid phases were not considered.
The solid phase is described by DEM, originally proposed by
Cundall and Strack (Cundall and Strack 1979). According to
the Newton’s second law of motion, a particle can have two
types of motion: translational and rotational. And during its
descending process, the particle may be affected by the
neighbor particles, or contact with wall and interact with the
surrounding ﬂuid. The governing equations for translational
and rotational motions of particle i can be written as
ki

mi (dvi )dt  ∑F cn, ij + F dn, ij + F ct, ij + F dt, ij  + F pf, i + mi g (1)
j1

ki

I i (dωi )dt  ∑T ij + M ij 

(2)

j1

where, mi, Ii, vi, ωi represent the mass, the rotational
inertia, the translational velocity and the rotational velocity of particle i, respectively. ki denotes the particle
numbers which are contacted with particle i. The forces
involved are: the gravitational force mig, the particle-ﬂuid
interaction force Fpf,i, and the contact forces between
particles, which include the normal contact forces Fcn,ij and
damping forces Fdn,ij, the tangential contact force Fct,ij and
the normal damping forces Fdt,ij. In addition, the particle i
bears two kinds of torque: tangential torque Mt,ij and rolling friction torque Mr,ij, generated from the tangential force
and rolling friction, respectively. All the forces and torques
used in this model are listed in Table 1.
A DEM–CFD model was developed to simulate the fluid
flow. The continuous fluid flow modelled by CFD was at the
computational cell level (Yang, Zhou, and Yu 2015; Zhou et
al. 2008), and it is described by the continuity and Navier–
Stokes equations, given by,
∂ϵρ ∂ t + ∇ ⋅ ρϵu  0

(3)

∂ϵρu ∂ t + ∇ ⋅ ρϵuu  − ∇ p + ∇ ⋅ μϵ ∇ u + ρϵg − F pf
(4)
where, ρ, ε, u, p and μ represent the density, void fraction,
velocity vector, pressure and viscosity of gas phase,
respectively. Fpf is the volumetric particle-ﬂuid interaction
force in a computational cell, given by,
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Table : Forces and torques acting on particle i.
Force and torque

Symbol

Equation

Normal contact force
Normal damping force
Tangential contact force
Tangential damping force
Fluid-Particle drag force
Torque arising from tangential forces
Rolling friction torque

F cn;ij
F dn;ij
F ct;ij
F dt;ij
Fpf,i
Mt; ij
Mr; ij

−K n δn
−ηn V n;ij
−K t δ t
−ηt V t;ij
−χ
:C d; i ρf πdpi ϵ i jui − v i jðui − v i Þϵ i
R∗ n × ðF ct;ij þ F dt;ij Þ
−μr F n;ij ωt;ij = ωt;ij

 √
 √



(−v )
(+vj )(−vj )
i)
i)
K n  E ∗ R ∗ |δ n |, E∗  (−v
+ E j j , R∗  Ri + Rj , ηn  −  β m∗ K n , K t  G∗ R ∗ |δt |, ηt  −  β m∗ K t , G∗  (+vEi )(−v
+
,
Ej
Ei
i




x
−x
ln(e)
j
i



 V n,ij  (V ij ⋅ n)n, V t,ij  (V ij × n) × n, V ij  V j − V i + ωj × Rj − ωi × R i , n 
 i − x j ]n,
√
, δn  [(Ri + Rj ) − x
,

m∗  mi + mj , β 

|x j −x i |
ln (e)+π



v
Vi /ΔV, χ  . − .exp[−(. − lgRei ) /], C d, i  (. + ./Re.
ϵ i   − ∑ki
i ) , Rei  ρf d pi ϵ i |ui − v i |/μf




The tangential forces (Fct,ij + Fdt,ij) will be replaced by the maximum friction −μ F n,ij ωt,ij / ωt,ij  when they are larger than the latter.

s

F pf 

∑ni1 F pf , i
Vcell

(5)

where n is the number of particles in a grid cell and Vcell is
the volume of a CFD mesh cell (Ku, Li, and Løvås 2013; Zhu
et al. 2007). The drag model used in this work is similar to
the Hou’s work for studying the gas–solid ﬂow in reduction
shaft of COREX (Hou et al. 2014), which is has been listed in
Table 1.
The coupling of DEM–CFD methods could be very
different in different situations, as reviewed by Kuang,
Zhou, and Yu (2020). In this work, the coupling between
the particle and gas phases appears through the particle
volume fraction and the inter-phase force in the gas-phase
momentum equation which represents momentum exchange between the particle phase and the gas phase. At
each time step, DEM will give information, such as the
positions and velocities of individual particles, for the
evaluation of porosity and volumetric gas drag force in a
computational cell. CFD will then use these data to determine the gas ﬂow ﬁeld which then yields the gas drag
forces acting on individual particles. Incorporation of the
resulting forces into DEM will produce information about
the motion of individual particles for the next time step.

3 Simulation conditions
The geometry used in this work is based on the actual shaft
furnace in a commercial COREX-3000 with or without CGD,
shown in Figure 1(a). It should be noted that as reported in
Yang’s work (Yang et al. 2014), different model settings, for
example, full 3D model, sector model, and slot model, could
generate different ﬂow patterns, but the particles descending features are still consistent. And that is the reason why

sector models and slot models are often a preferable
employment to replace the full 3D models, with the signiﬁcant advantage in reducing the computational time. Thus, a
slot model is used in this work as shown in Figure 1 (b) and
(c). The thickness of the slot model equal to 6.5dcoke, and
the wall condition was applied in the thickness direction.
The geometry is divided into hexahedral mesh, and the diagonal of the smallest grid equal to 2dpellet. Different averaged diameters spherical particles represent the different
burdens, involving pellet, ore, ﬂux and coke. The actual size
of these burdens in plant operation are 13, 18, 20, 28 mm,
respectively. And the particles diameters are enlarged for
reducing the number of particles and hence the computational cost. Table 2 lists the materials properties and the
simulation parameters (Kou et al. 2018), and the mass ratios
and densities of different burdens are obtained from the
plant operation in Baosteel. In this work, the discharge rate
is 610 particles per second. And the inverse ‘V’ shape proﬁle
is form to investigate the gas–solid ﬂow features in COREX
shaft furnace with and without CGD. The simulation starts
with the random generation of a certain number of wellmixed particles to form a packing bed in this model shaft
furnace. During charging process, the burden proﬁles is
formed and the particle segregation can be observed. Then
the burden is discharged from the bottom at the pre-set rate.
When the top surface of burden reaches stock line level,
burden is charged alternately.
After the burden descending behavior is steady, gas is
injected from the slot or CGD. In this work, the inlet velocity in shaft without CGD is consistent with the previous
study of 20 m/s through the slot gas inlet, while the slot
gas inlet velocity is 12 m/s and the CGD gas inlet velocity is
8 m/s in the furnace with CGD by calculation (Wu et al.
2010; Xu et al. 2013). The outlet boundary of gas phase is
Outﬂow.
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Figure 1: Schematic diagram of COREX shaft furnace (a), slot model and computational grid for the shaft without CGD (b), and with CGD (c)
(Unit. mm).

4 Results and discussion
4.1 Model validation
In order to verity the feasibility of the DEM model, the
simulation results are compared with the physical experimental measurements in the literature (Lee 1999). Among
them, the material used in the physical experiment is
magnetite. In the model, the shape of particles is spherical,
and the physical properties of particles are corrected. The
solid ﬂow patterns of two conditions are shown in Figure 2.
From the picture, it is clear that the stream-lines of solids
came from simulation results is similar to the experimental
results. That is to say, the particles are descending uniformly in the upper part of the shaft furnace, and
the stream-lines are gradually changed to the “W” shape
in the downward process; meanwhile, the calculated
characteristic ﬂow areas such as stagnant zone are basically consistent with the measured values of experiment.
As a whole, the simulated burden descending behaviors
are basically consistent with the physical experimental

result, which conﬁrms the feasibility and rationality of
using the current model to predict the solid ﬂow in the
COREX shaft furnace.

4.2 Particle velocity and segregation
In this section, five samples are collected along the radius
direction at different height for the exploration of particle
descending and segregation behavior. For particle velocity, the particle average velocity in each sample can be
obtained. And the total mass of each burden in each
sample is collected in order to calculate the particles
segregation. The detailed analyses are as follows.
Figure 3 shows the variation of velocity of particles
with time in COREX shaft furnace with or without CGD
while the particles reach a steady state. The variation tendency of both two furnace structure is similar, that is, the
velocity of particles reaches the sharp peak value with the
burden charging, which may have an impact on the moving
particles, and thus cause the ﬂuctuation of velocity; the
narrow ﬂuctuation range of velocity is observed in the
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Table : Material properties and simulation parameters.
Parameters
Density, ρ (kg/m )
Shear modulus, G (MPa)
Poisson’s ratio, υ (–)
Diameter, d (mm)
Mass ratio (wt%)
Number of particles (–)
Restitution coefﬁcient, e (–)


Static friction, μs (–)

Rolling friction, μr (–)
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Burden discharging rate (N/s)
Air velocity without CGD (m/s)
Air velocity with CGD (m/s)
Air density (kg/m)
Air viscosity (kg/m s)
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Figure 3: The velocity variation of particles in COREX shaft furnace
(a) without or (b) with CGD.
Figure 2: Comparison of solid flow patterns between experimental
measurement (a), and model prediction (b) in a slot model.

interval between the peaks; moreover, the magnitude of
the average velocity for two cases is slight difference.
In order to have a further understanding of the influence of CGD on solid flow in COREX shaft furnace, three
levels are used to represent the burden descending velocity, at the height of 15.0, 10.0 and 6.0 m above the bottom,
respectively. The comparison of burden descending

velocity along the radius direction between cases with and
without CGD is shown in Figure 4. The velocities investigated in this work are the average velocities of relatively
stable period. From Figure 4(a), it is clear that the burden
descending velocity at height 15.0 m along the radius direction is quite similar in both cases, and the particles velocity close to the wall is slower apparently than that of in
furnace center due to the boundary effect. This phenomenon indicates that the installation of CGD in the shaft
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without CGD

with CGD

Average velocity(m/s) Average velocity(m/s) Average velocity(m/s)
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(a)
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(b)
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(c)
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0.08
0.06
0.04
0.02
0.00
-1.0 -0.8 -0.6 -0.4 -0.2 0.0

Figure 5: The distribution of particles in COREX shaft furnace (a)
without or (b)with CGD.

0.2

0.4

0.6

0.8

1.0

r/R
Figure 4: Burden descending velocity along the radius direction at
different height above bottom in shaft furnace without or with CGD,
(a) 15.0 m; (b) 10.0 m; (c) 6.0 m.

furnace have little inﬂuence on burden descending velocity
in the upper part of shaft furnace.
The burden descending velocity at height 10.0 m is
shown in Figure 4(b). It can be seen that, the velocities of
two cases reveal the difference. The velocity evolution of
the case without CGD is quite similar with the results of the
height 15.0 m. However, it should pay attention to the case
with CGD, due to the inhibition of CGD, the particles velocity in the center is quite smaller than that of the case
without CGD, while the particles near the wall fall down
faster. Although the velocity shows difference along the
radius direction, the average velocities are similar. What’s
more, the descending velocity of particles located in the
upper part of the screw is the highest in both two cases.
Figure 4(c) shows the burden descending velocity at
height 6.0 m, which is close to the top of CGD. The difference of velocities evolution between the cases with or
without CGD is apparent. With the effect of guiding cone,
the falling of particles in the furnace center was blocked,
and thus the velocity is quite slow in both two cases; and
the velocity in case with CGD is slower obviously because
of the further inﬂuence of CGD. It is worth noting that in the
case with CGD, the descending velocity close to the wall is
the fastest along the radius direction, that may be due to

the combined action of the burden proﬁle and the
mounting of the CGD.
Then the particle distribution in shaft furnace with or
without CGD is explored and displayed in Figure 5. As the
burden distribution changes slightly at stable condition,
the instantaneous state selected randomly is used in this
work. Different burdens ﬁlling in the shaft furnace are
labeled with different colors, where pellet, ore, coke and
ﬂux particles are gray, blue, green and red color, respectively. As shown in Figure 5, inverse ‘V’ shape burden
proﬁle is generated in the upper of the furnace in both cases
with or without CGD, and the particle segregation is
obvious. The large particles such as coke and ore are on the
edge of the furnace, while the center of shaft furnace is
mainly ﬁlled with pellet. Moreover, this phenomenon is
some more prominent in the case with CGD. In order to
further quantitate the particle distribution, a particle
segregation index is deﬁned in the following study.
For particle segregation, the mass ratio of each burden
in the above-mentioned sample can be calculation. Then, a
segregation index is defined to assess the particle segregation, and the formula can be descripted as (Ku, Li, and
Løvås 2013; You et al. 2019),
Nk 

P k − P 0, k
P 0, k

(6)

where, Pk is the mass fraction of the burden materials in the
sample, P0,k is the initial mass fraction of burden materials,
and k represents different burden. It is obvious that the Nk
reﬂects the segregation degree, that is, the larger absolute
value of Nk would bring out a more obvious particle
segregation phenomenon.
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Figure 6: 6 Particle segregation along the radius direction at different height above bottom in shaft furnace with or without CGD, (a) 15.0m;
(b) 6.0 m.
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Figure 7: Void distribution in COREX shaft furnace (a) without or (b)
with CGD.
Figure 8: The streamline of the gas flow in COREX shaft furnace (a)
without or (b) with CGD.

Figure 6 shows the comparison of particle segregation
along the radius direction between two cases at the height
of 15.0 and 6.0 m above the bottom. As shown in Figure
6(a), in both two cases, with the landing point appear in the
center, the pellet has a positive segregation in the center
area while it presents negative near the furnace wall, and
the tendency of coke and ore is on the contrary. This indicates that pellet is more likely to stay in the middle area,
while the larger particles, such as coke and ore tend to roll
from the landing point to the wall area. That is because the
granular size of coke and ore is larger, particularly the coke
has the smallest density among all the particles. The distribution of particle segregation at the height of 6.0 m is
shown in Figure 6(b). Contrast to the result in Figure 6(a),
the variation tendency of particle segregation along the
radius direction is basically consistent. And the absolute
value of the segregation index of coke is smaller slightly,
that is to say the segregation phenomenon is more obviously in the upper of furnace.
As a whole, the influence of CGD on particles
descending behaviors is inapparent, especially on the
burden segregation, that illustrates the feasibility to install
the CGD in the COREX shaft furnace.

4.3 Voidage and gas distribution
Figure 7 shows the void distribution in COREX shaft
furnace with or without CGD. The void distribution is
directly determined by the particle mass ratio and segregation. From Figure 7, it can be observed that the largest
void is in the wall zone while the most pellet stay in the

center area, and leading to the smaller void. And compared
with the furnace without CGD, the overall voidage of shaft
furnace with CGD is somewhat smaller, particularly in the
middle zone.
To further study the effect of CGD on the gas flow, the
gas was injected from the slot or CGD of the shaft furnace
after the burden was steady. The streamline of the gas flow
with or without CGD is shown in Figure 8. Compare Figure
8(a) with (b), the gas distribution injected from the slot of
the furnace show a ‘J’ shape. And for the case with CGD, the
gas was injected from both slot and CGD of the furnace, and
that enriches the central gas distribution of the lower part
of the shaft furnace.
The gas radial distribution at different height is discussed for the further investigation of gas flow in the shaft
furnace. And Figure 9(a) shows the radial distribution of
gas velocity at height 5.5 m that in the upside of the CGD.
The gas distribution of two cases vary dramatically due to
the inﬂuence of the installation of CGD. For the case with
CGD, the gas velocity is increased initially and then
decreased from center to wall, while the gas distribution of
furnace without CGD vary signiﬁcantly. It can be observed
that the gas velocity of furnace with CGD in the middle zone
(the absolute value from the center is in the range of 1 to
2.7 m) is much larger than that of the case without CGD,
while in the wall area, the case without CGD has the larger
velocity. All that indicated that the inﬂuence of the CGD on
the gas distribution below the slot of furnace is signiﬁcant,
it can enhance the gas ﬂow in the center of the furnace and
thus may improve the reduction rate of furnace.
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Figure 9: The radial distribution of gas velocity at height (a) 5.5 m, (b) 8 m, and (c) 15 m.

Figure 10: The pressure drop in COREX shaft furnace (a) without or
(b) with CGD.

Figure 9(b) reveals the gas radial distribution at height
8 m (near the upper of the slot). For the condition with CGD,
the velocity increases with the increase of height, for
example, the gas velocity increases from 3.44 to 6.04 m/s in
the center area. The variation tendency of two cases is

mainly consistent, that is, the velocity near the wall area is
larger than that of in the center zone, but the interval between maximum and minimum of furnace with CGD is
slightly narrower. The main reason is the “wall effect”. As
the void fraction near the walls are larger than that in the
center zone, the gas velocity is higher near the walls.
Moreover, the gas velocity in the middle area of that case is
signiﬁcantly higher while that of two cases is adjacent near
the wall. As seen in Figure 9(c), the overall gas velocity
increases when gas continues to move upwards. At height
15 m, the velocity of furnace with CGD is obviously higher
than that of the case without CGD. What’s more, by the
contrast between the wall and center gas velocity for both
two cases, the maximum gas velocity near the wall are 19
and 12.6% higher than that in the center respectively, that
is to say the gas distribution is more uniform and the
central gas ﬂow is more sufﬁcient in the furnace with CGD.
As a whole, the overall gas velocity is improved and the
center gas distribution is promoted apparently with the
installation of CGD, and thus the metallization rate and gas
utilization ratio may further be improved.
And the pressure drop in the shaft furnace with or
without CGD is further explored to comprehend the effect of
CGD on gas flow broadly. The isobar distribution of both two
cases is shown in Figure 10. It is obvious that the isobar is
basically horizontal for both two cases in the upper and
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middle part of the furnace. And it presents ‘U’ shape near the
slot inlet, the largest pressure drop is at the slot zone in the
condition without CGD, while that is at the lower part of the
furnace with CGD. What’s more, it can be seen that the
furnace with CGD has the larger pressure drop, and its
largest pressure drop is 6696Pa while that of the case
without CGD is just 5939Pa. The longitudinal pressure drop
at different position from center in shaft furnace is described
in Figure 11. Among them, Figure 11(a) and (c) are the results
on the left and right side of the symmetric position in the
furnace, and Figure 11(b) depicts the longitudinal pressure
drop at center position. On the one hand, it can be seen that
the pressure drop in shaft furnace is extraordinary symmetric, which is consistent with the result of Figure 10. On
the other hand, when the height exceeds 6 m (above slot
of the furnace), the pressure drop increases linearly along
the longitudinal direction for all the position, and the
pressure drop reaches the maximum at the slot level for
the position of 3.8 m from the center in the furnace
without CGD, while the pressure drop continues to rise
gently in another case. Furthermore, the pressure drop in
the furnace with CGD is higher than that of the case
without CGD consistently for all the position, this is
because the gas injected from the CGD undergoes the
higher packing bed when moving upward.

5 Conclusions
In this work, a coupled DEM–CFD model is developed
to investigate the influence of CGD on gas–solid flow
in COREX shaft furnace. And it principally pays attention on
the exploration of particle velocity, particle segregation, void
distribution, gas distribution and pressure drop. The mainly
conclusions are summarized as following:
(1) The descending velocity of particles located in the
upper of furnace is almost unaffected with the
installation of CGD. However, the particles were hindered by the CGD with the descending process,
especially the burden in the middle area of the
furnace, resulting in the lower velocity compared to
the case without CGD.
(2) Under the inverse ‘V’ burden proﬁle, particle segregation can be observed signiﬁcantly. The large particles like coke and ore would like to roll to the wall zone,
while the pellets tend to stay in the landing point. And
contrast two cases, the inﬂuence of CGD on the particle
segregation is indistinctive on the whole.
(3) The void distribution is affected by the CGD slightly.
Meanwhile, the effect of CGD on the gas velocity is

obvious, especially below the slot zone; the installment of CGD improves the gas velocity and promotes
the center gas distribution. What’s more, the CGD can
increase the pressure drop in the furnace.
(4) Though the appliance of CGD increases the pressure
drop partly, the center gas ﬂow was developed significantly with the little inﬂuence on the solid ﬂow
behavior, which can further promote to obtain the
higher metallization rate and gas utilization ratio.
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