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Abstract 1In this study, a three-dimensional model based on RANS, slender-body theory and Newton-Euler dy-
namics is established to study the number concentration, one of the most important fluidization characteristics of
cylindrical particles. Also, the effects of interaction between cylindrical particles are taken into account by intro-
ducing the rigid collision dynamics. To validate the model, the fluidization experiments of cylindrical particles in a
cold-state fluidized bed are carried out. The number concentration characteristics of cylindrical particles are ob-
tained from computational fluid dynamics (CFD) simulation. It is found that cylindrical particles arriving at the exit
of the riser the earliest come from the near-wall regions, the horizontal transfer of so many cylindrical particles
from the radial centre regions to the near-wall regions is evident. Meanwhile, there is no distinct relationship be-
tween the number concentration and inlet wind velocity.
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1 INTRODUCTION

With the increasing energy demand, more and
more attention has been paid to the renewable energy
development and utilization. For better use of renew-
able energy, the fluidized bed combustion technology
has been widely applied in energy industry. However,
the fluidization of biomass stalks, which decides the
combustion efficiency, still remains a challenge. Due
to the complex shape features of biomass stalks, the
conventional method, such as DEM-CFD (discrete
element method-computational fluid dynamics) method,
can not describe the fluidization of biomass stalks ap-
propriately, which treats a biomass stalk as a spherical
particle and neglect the effects of movement attitude
behaviors. Nevertheless, like other fibre suspensions,
the attitude behaviors of cylindrical particles affect the
fluidization evidently. Therefore, it is necessary to
establish a more reasonable model that can describe
the rotation behaviors besides translation behaviors in
the fluidization accurately for the study of fluidization
behaviors of cylindrical particles.

As is known, there are 3 degrees of freedom for
the spherical particles while there are 6 degrees of
freedom for the cylindrical particles, involving 3 attitude
vector parameters besides 3 position vector parameters.
Based on the Newton-Euler dynamics [1], the attitude
vector of a cylindrical particle can be uniquely posi-
tioned by Euler angles, consisting of precession angle
(), nutation angle (¢) and spin angle (¢). Fig. 1 shows
the nutation angle between fixed-body frame and
fixed-reference frame.

A few studies on suspension flow of cylindrical
particles have been presented. Givler et al. [2] proposed
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Figure 1 Nutation angle 8 between fixed-body frame and
the fixed-reference frame
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that fiber orientations can be calculated from the nu-
merical integration of Jeffery’s orientation equation
along the streamlines obtained on the basis of the fi-
nite element method. A mathematical model is pro-
posed by Folgar and Tucker [3] to predict the orienta-
tion distribution function of rigid fibers in concen-
trated suspensions. Butler and Shaqfeh [4] modeled
the linear rotational velocities of rigid fibers based on
the slender-body theory. Unnikrishnan et al. [5-7] did
similar experimental investigations of the sedimenta-
tion of dilute fiber suspensions. Saintillan et al. [8, 9]
simulated full-scale suspensions with both periodic
and slip boundaries based on a point-particle approxi-
mation and on smooth localized force representations.
The concentration instability predicted theoretically for
suspensions of spheroids had been captured in the
simulations. Lin et al. [10] pointed out the Stokes num-
ber and initial orientation is important parameters which
mainly affect the particle motion in a wedge-shaped
flow. Zak et al. [11] presented a novel two-section
based method for statistical characterization of the
fiber-orientation distribution within short-fiber com-
posites. Fan et al. quantitatively got a correlation of
sedimentation of slender particles of large slenderness
index through experimental investigations [12]. Fan et
al. simulated turbulent solid-liquid two-phase flow
and orientation of slender particles in a stirred tank
with standard Rushton turbines by using the improved
inner-outer iterative method and standard k-¢ model
for the flow turbulence [13]. Cai ef al. simulated a
laminar solid-liquid two-phase flow and orientation of
slender particles in a riser [14]. Slender-body theory,
Newton-Euler dynamics and rigid collision dynamics
is used to describe the translation and rotation of cy-
lindrical particles.

However, as far as we are concerned, the theory
research on the fluidization behaviors of cylindrical
particles is still at the starting stage. There exist some
problems on experimental study of fluidization of cy-
lindrical particles, which may be solved instead by
simulation study [15]. In this study, a three-dimensional
model based on RANS model, slender-body theory
and Newton-Euler dynamics is established to study
the number concentration, one of the most important
fluidization characteristics of cylindrical particles. Also,
the effects of interaction between cylindrical particles
are taken into account by introducing the rigid colli-
sion dynamics. The present exploration aims for es-
tablishing a two-way coupling two-phase flow model
of fluidization of cylindrical particles.

2 MATHEMATICAL MODELS
2.1 Gas-phase models

The continuity equation can be written as
d(pu;
(pu;) o 0
ox;

J

Momentum equations are given as
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where p is the pressure of flow field, u is the fluid dy-
namic viscosity, and z the turbulent viscosity.
The turbulence equations are
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C,, C,, are

turbulent model constants, Cll =0.09, 0, =100, 0, =

1.30, G, =144, C,, =1.92.

Interaction between flow field and cylindrical
particles is complicated, which is affected by some
factors such as size distribution and concentration of
cylindrical particles, characteristics of flow fields,
turbulence scales. The force exerted on fluid by solid
particles is not considered in this work, namely only
one-way coupling between two phases is accounted
for. The two-way coupling problem would be targeted
in our future study.

where u, =pC,k*/e; C,, 0,, ©

£

2.2 Particle-phase models

2.2.1 Particle-phase models

In order to analyze the drag acting on a cylindri-
cal particle, the cylindrical particle is discretized into
10 parts along its axis based on Gauss quadrature
method (Fig. 2). And the drag of 10 discrete parts is
analyzed in sequence. Then, the total force acting on
the cylindrical particles is obtained by vector summa-
tion of all component forces acting on the 10 discrete
parts. Meanwhile, the torque acting on the cylindrical
particle is calculated according to the rotation around
a fixed point theory.

Based on the slender-body theory and the gas-solid
two-phase flow theory, the above force analysis algo-
rithm provides a better approach of force and torque
along the axis, which results in the translation and
rotation of a cylindrical particle in the flow field. The
schematic diagram of the force and torque of a discrete
part in a flow field is shown in Fig. 2. The space be-
tween fluid grid nodes is slightly larger than that be-
tween discrete parts. In order to find local flow field
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Figure2 Schematic diagram of force and torque analysis of a discrete part in a flow field

for a discrete part with fewer calculating works, an effi-
cient grid search scheme is designed in this paper [14].

The velocity of discrete part i of a cylindrical
particle is

(4)

u,=u+(-wxr,

COSl cos @ —siny cos @sin @
I =| siny cos @+ cosy cos@sin @
sin@sin @
The drag acting on discrete part i is given as [16, 17]
FDiZCDAppg|"g_ui|(ug_ui)/2 ©)
The drag acting on a cylindrical particle is given as [18, 19]
Fy = Z/LF Di

i=1

(7)

The torque acting on a cylindrical particle is given as [1]

L:i(rl Fp )%,

i=1
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where Fp,; is the drag acting on discrete part i; Cp is
the fluid drag coefficient; u, (u,v,w) is the local fluid
velocity; 4, is the sectional area of part i; p, is the
gas density; u; is the velocity of discrete part i; A, is
the weighted Gauss quadrature coefficient.

Here a model of C}, for cylindrical particles, re-

ported by Fan et al. [12], is introduced for error reduc-
tion:
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where Ar” is the modified Archimedes number, Ar"
d;(pp —pg)zg/;l2 ; Re=d, |ug —u[|/vg ¢ (a0, B,7)

is the angle between cylindrical particle and the plane

where u is the centroid velocity of cylindrical particle;
@ is the angular velocity in fixed-body frame; r; is the
position vector between the discrete part and the cen-
troid of cylindrical particle in fixed-body frame. I is

the cosine matrix of coordinate conversion:
—cosysing—sinycosfcosp sinsind
—siny'sin @+ cosy cosfcos@ —cosysind %)
sinfcos ¢ cosé

normal to velocity, which can be calculated according
to the correlations between the direction cosine and
Euler angles,

i . .
cos (5 - a] =sin@sin g,
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T
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where (0.51—¢), (0.57— /), (0.5n—y) is the angle
between O (the axis of cylindrical particle) and Ox,
Oy, Oz.

The translation and rotation are tracked according
to the Newton-Euler dynamics [1]. Newton-Euler dy-
namics is the theory base of celestial body dynamics
researches and is widely used in aeronautics and astro-
nautics research field. Most of present dynamics mod-
els of cylindrical particles are two-dimensional, which
may result in some unforeseen loss of effective infor-
mation of two-phase flow [20]. Some established three-
dimensional models lack expansion. Newton-Euler
dynamics can analyze the three-dimensional translation
and rotation of a celestial body accurately. Moreover,
as an independent and complete theoretical system,
Newton-Euler dynamics can provide a better platform
for further three-dimensional modeling of cylindrical
particle suspensions, three-dimensional interaction be-
tween cylindrical particles modeling, flexible collision
modeling, etc., and for other irregularly shaped particle

cosysin g,

(10)
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suspension modeling. So it is introduced in this work.
Translation equation is given as

d(mu)
dr

In Eq. (11), g is the gravity acceleration.
The differential equations of the rigid rotation
around a fixed point of are expressed as

=F,+g (11)

J-(il—w+a)><J~a)=L (12)
t

and its component equations (rotation equations) are
given as

Je@: =Le +(J, = J ;) w0,
Ty, =Ly +(J; T ) 00 (13)
Je@p =L +(J = J, ) 0:0,

where @;, @, , @, is the projection of rotational ac-
celeration @ on the axis of &, 5, { of fixed-body frame;
@, @, O is the projection of @ on the axis of &, #,
¢ of fixed-body frame; Le, L, Ly is the projection
of L on the axis of &, #, { of fixed-body frame; Jes Jys
J is the rotary inertia tensor J of cylindrical particle

to the axis of ¢, #, { of fixed-body frame.

In order to avoid the singular point in the dy-
namics calculations, Euler parameters are adopted.
The relations between Euler parameters and Euler
angles are given as

ame(2Jo(2
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e
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in which W is precession angle, 8 is nutation angle and
¢ is spin angle. The equations of rotation around a
fixed point are expressed as

+ o
<

(14)

<

W[4 A b A
I Y Y .
LT2 A A A A|e
N A S K

0 =2x arccos

)
arctan ﬁ
+arctan (21] (16)

= arctan [ij — arctan (ﬁj
A 4

= arctan[

where ¥, 8", ¢’ is the precession angle, nutation
angle and spin angle after one time step. The singular
point is avoided during coordinate transformation due
to the introduction of Euler parameters.

2.2.2 Interaction between cylindrical particles models

For interaction between cylindrical particles analy-
sis, which two cylindrical particles will collide with
each other should be determined firstly. In order to
reduce the calculation loads, another grid system is
established. The unit mesh size of the grid system is 5
times the length of cylindrical particles so as to ac-
commodate enough number of cylindrical particles. In
a 3D cell, whether a collision occurs between two cy-
lindrical particles or not is determined according to the
position vector between the two cylindrical particles.
If the distance between two discrete parts of two cy-
lindrical particles is close enough, they will collide
with each other, and the contact point is the two discrete
parts. The post-collision velocities and angular veloci-
ties of the two colliding cylindrical particles are cal-
culated according to the rigid-body collision dynamics
presented by Smith [21].

First, the pre-collision velocities #; and u; of col-
lision points of cylindrical particles i and Jj are glven as

u, =V +; - @) X1, =V,y —r. X1, - @, (17
u; =Vj0 +(Ij -a)jo)xrj =Vj0

-rxI; @
where V,y, V,, is the pre-collision velocity of the
centroid; I;, I ; is cosine matrix of conversion of co-
ordinate; @, , @, is pre-collision angular velocity in
body axes; r;, r; is the relative position vector be-
tween collision point and the centroid.

V is the velocity of collision point when it is at
the instant of biggest deformation. The component of
u; —V parallel to the line between collision point and
the centroid of cylindrical particles i and the compo-
nent of u, —V parallel to that between the collision
point and the centroid of cylindrical particles j are

(”f _V)” =Fo [”io '(”i _V)] =P '(”i _V)
(#; ‘V)H =Tjo [’jo (u; ‘V)] =P -(u,

V)

in which r,, r;, are the unit vector of r,, r;; P,

are the dyadic tensor of ¥, ¥, respectlvely The
component of u, —V perpendicular to the line between
the collision point and the centroid of cylindrical par-
ticles i and the component of u; —F perpendicular to
line between the collision point and the centroid of
cylindrical particles j are expressed as

(ll- _V)L :(ui _V)_(ui _V)H

(18)

l
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Then, the following equation was obtained after
vector calculation:

(”i_V)l:Vu"‘a’uX”i
=V =i (nxmV,,)

(20)
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in which V;, , V;, are the velocity variation on the
vertical direction of r,, r,y; J;, J; are the rotary
inertia in fixed-reference frame, respectively.
If let
A= -T)"-(IT-P)+P,

-1

B=(I-T,)" -(II -P)+P,

(21)
T, =mn xJ; ' xr,
_ -1

T, =m;r;xJ; Xr,
where IT is the unit tensor in the fixed-reference frame,
the impulses ¢,, ¢; are then expressed as
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Then post-collision velocities V;, V; and the post-

collision angular velocity in body axes @, @, are
given as

l
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in which the restitution coefficient is e=0.5; J;, J;
are the rotary inertia in body axes:
{I,- g =

1,-J7"r'=J; -
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2.2.3 Boundary treatment
Boundary treatment is also based on rigid-body
collision dynamics. For wall, m is infinite, u, =0,
@y =0, (mA+mB)"' =0, s0
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2.3 Solution of equations

The fluidization characteristics of cylindrical par-
ticles in a gas-solid field, including the effects of in-
teraction between cylindrical particles, are depicted by
Egs. from (1) to (28). Egs. (13) and (15) are solved
with four-order Runge-Kutta algorithm. The discrete
phase equations are new models based on Newton-Euler
dynamics, rigid-body collision dynamics and slender-
body theory, so there are no ready-made source codes,
and the source codes are programmed by the authors
with C++. The analysis of translation and rotation of
cylindrical particles is based on Lagrange method, so
there is no need of mesh independence test. FLUENT
is a relatively mature flow field simulation software,
which is utilized in this work. There are 648000 flow
field cells, and the meshes are sparse around the axis
of flow field and they are dense in the near-wall region.
The gas-solid model in this work is unidirectional cou-
pled, which leads to a separated simulation of gas-phase
field and discrete-phase field. The gas-phase field is
simulated firstly and the discrete-phase field is simu-
lated based on the gas-phase flow field. The gas-solid
two-phase flow is simulated by a double-CPU Dell
workstation. CPU is Intel Xeon CPU E5405 2.0 GHz
and memory is 3.25 GB. It takes more than 12 h to
simulate a gas-phase field. It takes about 3 d to simu-
late a discrete-phase field.

2.4 Calculation conditions and calculation pa-
rameters

The experimental riser consists of three parts: 2
cuboids and a quadrangular frustum between the 2
cuboids. The upper cuboid is 320 mm in side length
and 2000 mm in height. The lower cuboid is 260 mm
in side length and 500 mm in height. The quadrangu-
lar frustum is 320 mm in upper side length, 260 mm in
lower side length, and 500 mm in height. The outlet of
the experimental riser is open, and the cylindrical par-
ticles will be blown out of the riser if they arrive at the
outlet. There is a feed inlet on a wall of the lower cu-
boid, and the sample cylindrical particles will be fed
into the riser continually.

The sample cylindrical particles used in the in-
vestigations are match sticks of which density are
3.0x10%* kg'm™ and slenderness is between 6 and 12.
The initial number of sample cylindrical particles is
500 in the bottom of the riser, and 100 sample cylin-
drical particles will be uniformly distributed on the
bottom of bed every 0.08 s. The three initial Euler
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Tablel Conditionsof smulation

p/kgm vg/m*es! Wiise/m Vy/m-s”! pplkg:m™ Atls Hyjsel/ w,/rad-s™
1.205 1.502x107° 0.32 0 3.0x10? 1.0x107 3 0-n

6.17 | 0.540

5.86 0.515

5.55 0.491

5.25 | 0.466

4.94 0.442

4.63 0.417

4.32 , 0.392

401 0.368

3.70 ‘ | 0.343

3.39 0319
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(a) Velocity magnitude (m-s™")

(b) Turbulent kinetic energy (m*s™>)

Figure 3 Contours of velocity magnitude (m-s™') and turbulent kinetic energy (m*s™) (Vi,=6 m's', p,=1.205 kg'm™,

Vi = 1.502x107° m?-s7h)

angles (0, ¥, ¢,) are all random number, 6, is in the
range of 0 to m, ¥, and ¢, are in the range of 0 to 2.
The inlet wind velocity Vj, is between 5.5 m-s " and 7
m's”'. Other experiment parameters are given in
Tables 1 and 2 respectively.

Table2 Parametersof ssimulation

0/(°) A/m R/m K Vi/m-s™

1 0-15 0-0.5 0-0.064 6 5.5

2 15730 0.5-1.0 0.064-0.128 8 6

3 30-45 1.0-14 0.128-0.192 10 6.5

4 4560 1.4-1.8 0.192-0256 12 7

5 60-75 1.8-2.2 0.256-0.32

6 75790 22-26

7 2.6-3.0

3 RESULTSAND DISCUSSION

3.1 Simulation photos of the fluidization of cylin-
drical particles

Figure 3 shows the contours of velocity magni-
tude and turbulent kinetic energy. It can be seen that
there is an evident velocity gradient along the axial
direction and radial direction in the riser and the ve-
locity grads in near-wall region is more evident, and
there is an evident region distribution difference of

turbulent kinetic energy. The local fluid velocity in the
upper cuboid is lower than that in the lower cuboid
because the sectional area of the lower cuboid is
smaller than that of the upper cuboid.

Figure 4 shows the fluidization of cylindrical
particles of 4 different slendernesses with the number
ratio of 1 1 :1: 1. 4 colors represent 4 slender-
nesses of cylindrical particles respectively. The slen-
derness of blue cylindrical particles is 6 and that of red
cylindrical particles is 12. Fig. 5 shows the experi-
mental photos of the fluidization of cylindrical parti-
cles in A, and A;. The axial number concentration of
cylindrical particles in the riser during the fluidization
is shown in Fig. 6. It can be seen that number concen-
tration of cylindrical particles increases with the
height in the riser and it approaches the peak value in
Ag and then decreases in the exit area.

In the fluidized state, there are about 6000—-8000
cylindrical particles in the riser. Some cylindrical par-
ticles with bigger slendernesses can not be blown out
of the riser by air flow because of bigger mass, so the
number of cylindrical particles in the fluidized bed is
increasing with the growing simulation time steps.

Figure 7 shows the simulated results of time
consumption of cylindrical particles arriving at the
outlet the earliest in different radial zones. We can see
that the cylindrical particles arriving at the exit of the
riser the earliest come from the near-wall regions.

Number concentration is the number percentage
of cylindrical particle number in a zone of a riser to
the sum of cylindrical particles in the riser, and the
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()t=132s (b)r=138s  (c)t=143s

(a)t=1.4s

(b)r=145s

norm is the sum of cylindrical particles in the riser.
Number concentration of cylindrical particles in the
riser at the moment of 2 s is shown in Fig. 8. It is
found that number concentration is uneven in different
areas in the riser and perhaps, there are some particle
clusters. The occurrence of particle clusters during the
fluidization is due to interaction between cylindrical
particles, and it is necessary to establish a model of
inter-cylindrical particles collision. So the establish-
ment of a 3D model of inter-cylindrical particles colli-

(dt=15s

Ht=1.58s (g)t=17s

(e)t=1.54s

Figure 4 Fluidization simulation of cylindrical particles in the riser (Vi,=6 m-s”', ¥,=0 m-s”', p,=3.0x10* kg-m™,
0, = 0°-180°, A,~A-, Ri-Rs, = 6-12)

(c)t=15s

d)=17s

Figure5 Experimental photos of the fluidization of cylindrical particlesin 4, and 43 (Vi,=6m's™, /,=0m's™', p,=3.0x10
kg'm_S, 0, =0°-180°, 4;-A7, Ri—Rs, k= 6-12)

sion based on rigid-body collision dynamics is benefi-
cial for further studying the true nature of clustering of
cylindrical particles.

3.2 Axial profile of number concentrations

Figure 9 shows the simulated results of number
concentration of cylindrical particles in different axial
regions in the riser. They are the average values of 5 time
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steps, so having significance of statistics. These re-
gions have been identified in Fig. 1 and Table 2. As
shown in Fig. 9, the disparity of number concentration
in A, is not distinct owing to the fixed original number
ratios of cylindrical particles of 4 slendernesses. In 45,
many cylindrical particles gather in the near-wall region
as a result of the evident local flow radial velocity
gradient. Above 4,, number concentration of cylindrical
particles in the near-wall regions is always much bigger
than that in the radial centre. As is known, spherical
particles will move from the radial centre to the
near-wall regions during the fluidization because the
wind velocity in the radial centre is bigger than that in
near-wall regions. Similarly, many cylindrical parti-
cles will move from the radial centre to the near-wall
regions during the fluidization of slender particles.
This result that the number concentration of cylindri-
cal particles in radial centre zones is much bigger than
that in near-wall zones is consistent with the conclu-
sion presented by Olson et al [22].

3.3 Orientation of cylindrical particles

Orientation is an important attitude behavior of

1.7
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T

time consumint/s

w
T

1.2 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

radial position/mm
Figure 7 Time consumption for the earliest of cylindrical
particles to arriving at the outlet in different radial zones
(Vn=6 ms™, ¥,=0 ms™, p,=3.0x10" kgm™, 6, =
0°-180°, 41=A7, R\=Rs, k=6-12, n tng i =1:1:1:1)

n
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Figure 9 Radial number concentrations of cylindrical
particles in different axial reglonS(Vm=6 mz-s’l, n’i ny
ne tme =1, V=0 m's™, p,=3.0x10" kg'm™, &, =
0°- 180° A4, A7,R1 RS,K 6- 12)

.A], .Az, AA3, VA4, QAS, <A6a >A7

fluidized cylindrical particles. Fig. 10 (a) shows the
mutation angles of cylindrical particles in different
axial zones in the riser. In region 4;, there is no evi-
dent orientation, and the number proportions of cylin-
drical particles moving in different nutation angle
ranges are nearly the same, which is owing to the bed
bottom effect. Fig. 10 (b) shows the simulated and
experimental results of orientation in the axial direc-
tion and the simulated results of orientation in the
x-axis and y-axis. It is found that the orientations in
the x- and y-axes are not evident. The phenomenon
can be explained by the principle of minimum poten-
tial energy: if a system has the lowest potential energy,
the system will be in a steady state. In order to get
over the effects of velocity gradient in the flow field
and keep stable movement attitude, the cylindrical
particles need to move in small nutation angles, i.e.,
particles positioned almost horizontally.

34 The effects of inlet wind velocity on radial
number concentrations

Figure 11 shows the radial profile of number
concentration of cylindrical particles from 43 to 45 at
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different inlet wind velocities. Cylindrical particles are
in the ﬂu1dIZ€d state at the inlet wind velocity of 5 and
6 m's', while they are in the pneumatic conveylng
state when the inlet wind velocity is over 6 m's . The
number concentrations of cylindrical particles in the

pneumatic conveying state are more even than those in
the fluidized state. In both the fluidized state and pneu-
matic conveying state, the number concentrations of
cylindrical particles don’t change evidently with dif-
ferent inlet wind velocities. Maybe there is little in-
fluence of the lateral velocity gradient on the motion
of cylindrical particle cluster from radial centre zone
to the near-wall region. The number concentration of
cylindrical particles in the near-wall region is the big-
gest, while it is the lowest in the center region. In the
fluidized state, there is no evident relationship between
radial number concentration and inlet wind velocity.

3.5 Effect of denderness on axial number con-
centration

As is known, for the fluidization of spherical par-
ticles, wide particle size distribution is the reason of
the formation of evident dense phase zone and sus-
pension section in the riser. Here the effects of slen-
derness distribution on the formation of dense phase
zone and suspension section in the riser is studied as
shown in Fig. 12. The number concentration of cylin-
drical particles of smaller slenderness decreases firstly
with the axial position until up to the minimum value,
and then increases quickly, on the contrary the number
concentration of cylindrical particles of bigger slen-
derness increases with the height and it arrives at the
maximum value in certain axial height and then de-
creases quickly. We also can see from Fig. 5 that so
many red cylindrical particles stay in 44 and 4s. The
reason is that cylindrical particles of smaller slender-
ness can pass through the riser but cylindrical particles
of bigger slenderness can not fly out the riser and
most of them will stay in some axial zone due to their
larger mass. The height of dense phase zone is too
high when the inlet velocity is 6 m's ' and slenderness
distribution is 1 1 * 1 7 1. It is found that there are
evident effects of slenderness distribution on the for-
mation of dense phase zone and suspension section in
a CFD, bigger slenderness distribution of cylindrical
particles is necessary and the ratio between the maximal
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slenderness and the minimal slenderness must be
much more than 2.

4 CONCLUSIONS

In this paper a 3D gas-solid two-phase flow
model of the fluidization of cylindrical particles is
established to study the number concentration charac-
teristics of cylindrical particles. The main simulation
results are shown as follows:

(1) The cylindrical particles arriving at the exit of
the riser the earliest come from the near-wall regions.

(2) There is an evident horizontal transfer of
some cylindrical particles from the radial centre regions
to the near-wall regions during the fluidization, which
is similar to the fluidization of spherical particles.

(3) In the fluidized state, there is no evident rela-
tionship between radial number concentration and inlet
wind velocity.

(4) Most cylindrical particles move with attitude
of being approximately parallel to the axis of the riser
during the fluidization.

(5) There are evident effects of slenderness dis-
tribution on the formation of dense phase zone and
suspension section in a CFD, bigger slenderness dis-
tribution of cylindrical particles is necessary and the
ratio between the maximal slenderness and the mini-
mal slenderness must be much more than 2.

NOMENCLATURE

A; axial region distribution in the riser, m

Hiiser height of riser, m

R; radial region distribution in the riser, m

At time step, s

Vi wind velocity of entrance, m-s”!

Vs initial velocity of cylindrical particle, m-s™

0, nutation angle, (°)

slenderness of cylindrical particle

Pe air density, kg-m™

P stalk density, kg-m™

Vg kinematic viscosity of gas, m*+s™!

wp initial angular velocity of cylindrical particle, rad-s™'
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