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Abstract Nowadays, the flow pattern and stress distribution of burden materials in
blast furnace has been widely calculated by discrete element method. In this study,
the influence of operation conditions such as ore batch, the root position of cohesive
zone and the slope of cohesive zone on the flow pattern and stress distribution of
burden materials in blast furnace were investigated. The normal stress of burden
materials in deadman increases with the increase of ore batch, but the normal stress
of burden materials in deadman decreases with the increase of the root position of
cohesive zone and the slope of cohesive zone. The average descending velocity of
burden materials increases with the increase of ore batch, but the average
descending velocity of burden materials decreases with the increase of the root
position of cohesive zone and the slope of cohesive zone.
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Introduction

Blast furnace is a complicated and closed multi-phase reaction box, which includes
solid phase, liquid phase, gas phase and powder phase. The coke and ore are
charged into blast furnace layer by layer, with the consumption of coke in raceway
and the periodic discharge of slag and iron, the burden materials in blast furnace
descends slowly. However, the stable operation of blast furnace is closely to the
stable descending of burden materials, some abnormal phenomena appear when the
burden materials descend unsteadily. Therefore, the motion of burden materials in
blast furnace has been the research focus of scholars at home and abroad.
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Most researchers are investigated the motion of burden materials by experi-
mental study of physical model [1–3]; calculation of continuous quasi fluid model
based on particle dynamics [4, 5] and numerical calculation of discrete element
method [5–9]. Takahashi et al. [10] obtained the flow pattern of burden materials in
raceway and deadman by cold model, three characteristic regions were determined
which are dominant flow region, quasi-stagnant region and stagnant region; Natsui
et al. [11] investigated the influence of number of tuyeres on the motions of burden
materials and stress field based on Discrete Element Method; Zhou et al. [12] also
obtained that the motion of burden materials in blast furnace could be divided into
three regions, rapid flow region, slow flow region and stagnant region based on
Discrete Element Method; Yang et al. [13] investigated the influence of geometry
boundary condition and simulation boundary condition on motion behaviors of
burden materials in blast furnace. However, the effects of operating parameters on
motions behaviors of burden materials in blast furnace are not clear. Therefore, in
this study, the influence of operation conditions such as ore batch, the root position
of cohesive zone (CZ) and the slope of cohesive zone on the flow pattern and stress
distribution of burden materials in blast furnace were investigated.

Model Description

Mathematical Model

In DEM calculation, every individual particle is tracked and the motion is
calculated by Newton’s second law of motion, and the inter-particle contact
model is schematically depicted in Fig. 1, which is composed of normal spring,
normal damping, slider, tangential spring and tangential damping between two
particles, the governing equations for particle i contact with another particle j are
as follow:

mi
dui
dt

¼
XN

j¼1

Fcn;ij þFdn;ij þFct;ij þFdt;ij
� �þmig ð1Þ

Fig. 1 Schematic of contact
model between two particles,
i and j, in DEM
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Ii
dxi

dt
¼

XN

j¼1

Tt;ij þTr;ij
� � ð2Þ

where, mi, ui, ωi, Ii are the mass, velocity, angular velocity, the moment of inertia of
particle i, respectively; g is the acceleration of gravity; Fcn,ij, Fdn,ij, Fct,ij, Fdt,ij are
the normal contact force, normal damping force, tangential contact force, tangential
damping force, respectively; The torque acting on particle i includes a component
from tangential force, Tt,ij and another from the rolling friction, Tr,ij; N is total
number of other particles contact with particle i.

Physical Model and Boundary Conditions

The dimension of blast furnace is shown in Fig. 2. The ore particles start to melt at
the cohesive zone, and the coke particles consume in raceway and hearth at a
certain rate. The length and height of raceway are 2.5 and 1 m, respectively. The
diameter of coke and ore in simulation are 300 and 150 mm, respectively. The
value of ore batch, root position of cohesive zone and slope of cohesive zone in
different case are shown in Table 1. The physical parameters of coke and ore
materials are shown in Table 2.

Fig. 2 The dimension of
blast furnace (unit mm)
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Results and Discussion

Influence of Ore Batch on Flow Pattern and Stress Field
of Burden Materials

Figure 3 shows the influence of ore batch on the layer structure of burden materials,
the batch of ore in base case, case 1 and case 2 are 28, 22.4 and 16.8 t, respectively.
As shown in figure, with the decrease of ore batch, the thickness of ore layers
becomes thinner, but the layer structure of burden material almost unchanged.

Figure 4 shows the influence of ore batch on the normal stress of burden
materials. With the decrease of ore batch, the normal stress of burden materials in
deadman region decreases. The reason is that the density of ore is about four times
of the density of coke, therefore, the weight of burden materials in the region above
the cohesive zone decreases.

Figure 5 shows the influence of ore batch on the velocity distribution of burden
materials. With the decrease of ore batch, the velocity distribution of burden
materials in the upper part of blast furnace becomes smaller. The reason is that the

Table 1 The value of ore batch, root position of cohesive zone and slope of cohesive zone in
different case

Case Ore batch/kg Root position of CZ/mm Slope of CZ/°

Base case 28,000 6600 60
Case 1 22,400 6600 60

Case 2 16,800 6600 60

Case 3 28,000 3000 60

Case 4 28,000 9400 60

Case 5 28,000 3600 45
Case 6 28,000 3600 30

Table 2 The physical parameters of burden materials

Item Density/kg m−3 Shear
modulus/Pa

Poisson’s
ratio/-

Coefficient
of static
friction/-

Coefficient
of rolling
friction/-

Coefficient
of
restitution/-

Coke 1050 2.2 × 109 0.22 – – –

Ore 3750 1.0 × 1010 0.25 – – –

Wall 4500 1.0 × 1011 0.30 – – –

C–C – – – 0.56 0.15 0.18

C–O – – – 0.66 0.10 0.17

C–W – – – 0.41 0.09 0.20

O–O – – – 0.67 0.15 0.18

O–
W

– – – 0.35 0.10 0.20

Notes C represents coke; O represents ore; W represents wall
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density of ore is larger than coke, with the decrease of the number of ore particles,
the gravity of burden materials in the upper part of blast furnace decreases,
therefore, the descending velocity of burden materials decreases.

Influence of the Root Position of Cohesive Zone on Flow
Pattern and Stress Field of Burden Materials

The influence of the root position of cohesive zone on the layer structure of burden
materials is shown in Fig. 6, the thickness of coke layer and ore layer are same in
base case, case 3 and case 4. In base case, the root position of cohesive zone at the
bottom of belly; the root position of cohesive zone at the top of hearth in case 3; and
the root position of cohesive zone at the top of belly in case 4. As shown in Fig. 6,

Fig. 3 Influence of ore batch
on the layer structure of
burden materials a base case;
b case 1; c case 2

Fig. 4 Influence of ore batch
on the normal stress of burden
materials a base case; b case
1; c case 2

Fig. 5 Influence of ore batch
on the velocity distribution of
burden materials a base case;
b case 1; c case 2
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with the decrease of the root position of cohesive zone, the number of coke layer
and ore layer increases, but the root position of cohesive zone has a little influence
on the layer structure of burden materials.

Figure 7 shows the influence of the root position of cohesive zone on the normal
stress of burden materials. The normal stress of burden materials in deadman is
higher when the root position of cohesive zone is higher. On the contrary, the
normal stress of burden materials in deadman is lower when the root position of
cohesive zone is lower.

Figure 8 shows the influence of the root position of cohesive zone on the
velocity distribution of burden materials. The descending velocity of burden
materials becomes slower when the burden materials descend below the cohesive
zone, therefore, the region of high descending velocity is larger when the root
position of cohesive zone is lower. Otherwise, the region of high descending
velocity is smaller when the root position of cohesive zone is higher.

Fig. 6 Influence of the root
position of cohesive zone on
the layer structure of burden
materials a base case; b case
3; c case 4

Fig. 7 Influence of the root
position of cohesive zone on
the normal stress of burden
materials a base case; b case
3; c case 4

Fig. 8 Influence of the root
position of cohesive zone on
the velocity distribution of
burden materials a base case;
b case 3; c case 4
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Influence of the Slope of Cohesive Zone on Flow Pattern
and Stress Field of Burden Materials

Figure 9 shows the influence of the slope of cohesive zone on the layer structure of
burden materials. Although the slope of cohesive zone is different, the layer
structure of burden materials is almost same in different case, but the weight of ore
above the cohesive zone increases with the decrease of slope of cohesive zone.

Figure 10 shows the influence of the slope of cohesive zone on the normal stress
of burden materials. Owing to the weight of ore above the cohesive zone is larger
when the slope of cohesive zone is smaller, the normal stress of burden materials in
deadman becomes larger. It could be obtained that the normal stress of burden
materials in deadman becomes larger with the decrease of the slope of cohesive
zone.

Fig. 9 Influence of the slope
of cohesive zone on the layer
structure of burden materials
a base case; b case 5; c case 6

Fig. 10 Influence of the
slope of cohesive zone on the
normal stress of burden
materials a base case; b case
5; c case 6

Fig. 11 Influence of the
slope of cohesive zone on the
velocity distribution of burden
materials a base case; b case
5; c case 6
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Figure 11 shows the influence of the slope of cohesive zone on the velocity
distribution of burden materials. The descending velocity of burden materials
becomes smaller when the burden materials descend below the cohesive zone,
therefore, the region of high descending velocity is larger when the root position of
cohesive zone is lower. It could be concluded that the cohesive zone is an important
boundary of high descending velocity region and low descending velocity region.

Conclusions

(1) The normal stress and average descending velocity of burden materials
increases with the increase of ore batch.

(2) The normal stress and average descending velocity of burden materials
decreases with the increase of the root position of cohesive zone.

(3) The normal stress and average descending velocity of burden materials
decreases with the increase of the slope of cohesive zone.
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