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Abstract—The theory, model and algorithm of three products 
heavy medium cyclone flow field were researched, and the heavy 
medium cyclone flow field was simulated. Through the 
researches, the numerical discrete algorithm of heavy medium 
cyclone flow field was deduced, the calculation algorithms of 
heavy medium cyclone flow field were given, the flow trace in 
three products heavy medium cyclone, and the separation rules 
and flow field characteristics of three products heavy medium 
cyclone were obtained. 
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I.  INTRODUCTION 

Research the heavy medium cyclone flow field, establish 
the theoretical model of heavy medium cyclone flow field, 
study the algorithm of heavy medium cyclone flow field, 
simulate the heavy medium cyclone flow field, and obtain the 
separation rules and flow field characteristics of heavy medium 
cyclone [1-5], can provide scientific basis to the separation and 
theoretical research of heavy medium cyclone [6-10]. Utilize 
the research results in manufacture and technology applications 
can further improve the coal resources separation efficiency 
and coal products quality, and can increase the utilization of 
coal resources, thus, effectively increase the energy utilization, 
protect the environment, save the resources, and it is helpful to 
the sustainable development of social and economic life.  

In this paper, the Reynolds stress transport equation of three 
products heavy medium cyclone flow field, the numerical 
discrete algorithm and computation process of heavy medium 
cyclone flow field were researched, and by numerical 
simulating the 3NZX1200-850 pressured feed three products 
heavy medium cyclone, the flow trace in three products heavy 
medium cyclone, and the separation rules and flow field 
characteristics of three products heavy medium cyclone were 
obtained. 

II. STRUCTURE AND PROCESS PARAMETERS 

3NZX1200-850 pressured feed three products heavy 
medium cyclone was selected for simulating, the side view of 
3NZX1200-850 pressured feed three products heavy medium 
cyclone was shown in Fig.1, and the structure and process 
parameters of 3NZX1200-850 pressured feed three products 
heavy medium cyclone was shown in Table 1. 

 
Figure 1.  Side view of 3NZX1200-850 pressured feed three products heavy 

medium cyclone 

TABLE I.  STRUCTURE AND PROCESS PARAMETERS OF 3NZX1200-850 
PRESSURED FEED THREE PRODUCTS HEAVY MEDIUM CYCLONE 

 

III. FLOW FIELD COMPUTATION ALGORITHM PRINCIPLE 

The Reynolds stress transport equation of heavy medium 
cyclone flow field is 
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Where ( )''
jiuu

t
ρ

∂
∂ is Reynolds stress local time derivative of 

cyclone flow field, mark ijL , ( )''
jik

k

uuu
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ρ
∂
∂ is Reynolds stress 

convection item of cyclone flow field, mark ijΩ , 
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turbulence diffusion item of cyclone flow field, mark ijTD , , 

( )







∂
∂

∂
∂ ''

ji
kk

uu
xx

η is Reynolds stress molecular diffusion item 

of cyclone flow field, mark ijMD , , ( )θθρβ ''
ijji ugug +− is 

Reynolds stress buoyancy item of cyclone flow field, mark ijB , 
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strain item of cyclone flow field, mark ijϕ , 
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Reynolds stress dissipation item of cyclone flow field, mark ijε , 

( )jkmmiikmmjk uuuu εερ ''''2 +Φ− is Reynolds stress system 

rotary item of cyclone flow field, mark ijR , userS is Reynolds 

stress custom source item of cyclone flow field. 

Set Ω is bounded domain on a vertical axial flow field 
cross-section yx − in the cyclone flow field, Γ is wall 
boundary curve, along the direction of x  axis and y  axis flow 

field take the step xΔ and yΔ , make hx =Δ , ly =Δ . Set 
two straight line parallel to the x axis and y axis flow field 
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Set point of the two straight lines intersection ( )ji yx , , here 

abbreviated mark as ( )ji, . Set 
hΩ  as collection of cyclone flow 

field inside point, Fig. 2 shows the mesh of flow field region Ω . 
Take any one region in the flow field, the region is set to a 
point of the flow field area, ( )ji yxA , is the inner point of 

region
hΩ , four adjacent points of ( )ji yxA , is ( )ji yxC ,11 +

, 

( )12 , +ji yxC , ( )ji yxC ,13 −
, ( )14 , −ji yxC , 

iB is the midpoint of
iAC , 

i= 1,2,3,4. 

            

                  (a)                                              (b) 

Figure 2.  (a)Computational domain grid node partition of three products 
heavy medium cyclone, (b) Sketch map of numerical discrete flow field of 

three products heavy medium cyclone 

Difference equation of the three products heavy medium 
cyclone flow field model is  
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The above equation (2) is the numerical discrete format of 
three products heavy medium cyclone flow field model  

Three products heavy medium cyclone flow field can be 
described by pressure-velocity coupling, step by step iterative 
computation process is needed for flow field computation, and 
it can be divided into: 

(1) Introduce the pre-estimate pressure field into the 
momentum equations of three products heavy medium cyclone 
flow field, obtain the velocity field. 

(2) Solve the pressure correction equation derived from the 
continuity equation of three products heavy medium cyclone 
flow field to obtain the corrected pressure equation. 

(3) Do iterative computation of the new velocity and 
pressure field based on the corrected pressure equation. In the 
initial stage of the iterative computation process, assumed the 
initial estimated velocity and pressure fields firstly, and then 
compute the new velocity and pressure field constantly. The 
velocity and pressure fields will be convergence if the velocity 
field satisfies the continuity equation of the cyclone flow field 
and the solution is completed. 

IV. FLOW TRACE IN THREE PRODUCTS HEAVY MEDIUM 

CYCLONE 

3NZX1200-850 pressured feed three products heavy 
medium cyclone was selected for the flow trace research in the 
cyclone, and the side, back and bottom view of flow trace in 
three products heavy medium cyclone were shown in Fig.3 and 
Fig.4. 
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Figure 3.  Side view of flow trace in three products heavy medium cyclone 

 
Figure 4.  Back view and bottom view of fluid trace in three products heavy 

medium cyclone 

It is turbulence flow when the mixture flows into the three 
products heavy medium cyclone, according to research results, 
the movement property is complex and as shown in Fig.3 and 
Fig.4, it can be mainly described as: 

1) The fluid that is near the wall of three products heavy 
medium cyclone does external swirl movement, a strong 
external swirl forms near the cylinder wall. The external swirl 
expands rapidly into the both one-stage overflow outlet 
direction and one-stage underflow outlet direction, part of the 
upward external swirl flows out the three products heavy 
medium cyclone through the overflow outlet when it flows 
through the one-stage overflow outlet, the other part of the 
upward external swirl generates downward internal swirl when 
it flows to the top wall of one-stage cylinder, and when the 
internal swirl flows through the one-stage overflow outlet, part 
of them flows out through one-stage overflow outlet, and the 
remaining part flows toward the bottom of one-stage cylinder. 

2) When the mixture flows from the feeding inlet to the 
underflow outlet direction of one-stage cylinder, the external 
swirl is formed. Part of the mixture flows into the two-stage for 
separation through one-stage underflow outlet, and when the 
other part flows to the bottom of one-stage cylinder, for 
subjecting to the obstruction role of bottom cylinder wall and 
the accompanied role of strong external swirl, reverse internal 
swirl is formed inside the external swirl, and it rotationally 
flows toward the top of one-stage cylinder. 

3) After part of the lighter density particles in the feeding 
flow into one-stage cylinder, for subjecting to the role of 
external swirl and internal swirl, the internal swirl happens 
before it reaches the bottom of one-stage cylinder. 

4) The distribution of internal swirl mainly rotationally 
flows toward the top of one-stage cylinder. This internal swirl 
subjects to the feeding flow impact, when it flows near the 
tangent of feeding inlet and one-stage cylinder. The internal 
swirl near the tangent of feeding inlet and one-stage cylinder 
accelerated flows toward the one-stage overflow outlet, and 
experiences the flow behavior of process 1), for subjecting to 
the impact of feeding centrifugal swirl, while the tendency that 
flowing toward the top one-stage cylinder of internal swirl 
more away from the tangent of feeding inlet and one-stage 
cylinder is slow up, for subjecting to the impact of external 
swirl that flows toward the bottom one-stage cylinder, but it 
still flows toward the top one-stage cylinder overall, and it will 
experience the flow behavior of process 1). 

5) Process 1)-4) are continuous with the feeding continuous, 
which makes the mixture accumulated in the middle-upper part 
is more than other position of one-stage cylinder, and the actual 
separation in one-stage cylinder mainly occurs within the 
described accumulated region. 

6) The mixture of particles and heavy medium suspension 
at bottom one-stage cylinder flows into two-stage for 
separation through the one-two-stage connecting pipe. When 
the mixture flows to the tangent of connecting pipe and two-
stage cylinder, the centrifugal process occurs again. The 
mixture mainly flows toward both two-stage overflow outlet 
direction and two-stage underflow outlet direction after flowing 
into the two-stage cylinder, and then the external swirl and 
internal swirl are formed. Particles in the mixture flow out the 
corresponding overflow outlet and underflow outlet by the 
collective effect of the external swirl and internal swirl, thereby 
achieves separation. 

7) The external swirl that forms during the mixture flowing 
toward the two-stage underflow outlet flows out trough the 
two-stage underflow outlet. The larger density particles mainly 
accumulate at the bottom of two-stage by the swirl effect of the 
one-stage cylinder, and then the particles flows out the two-
stage underflow outlet of three products heavy medium cyclone 
through the two-stage underflow outlet with heavy medium 
suspension. 

8) The internal swirl forms before the lighter density 
particles reach the bottom of two-stage, for subjecting to the 
role of external swirl in cylinder and obstruction of two-stage 
cone wall, after the lighter density particles flow into the two-
stage cylinder. 

9) The external swirl and internal swirl are reversed in the 
two-stage, and the internal swirl rotational flows toward the top 
of two-stage. The distribution of internal swirl mainly 
rotationally flows toward the top of two-stage cylinder with the 
center axis of Z axis. This internal swirl subjects to impact of 
the two-stage feeding flow when it flows near the tangent of 
two-stage feeding inlet and two-stage cylinder. The internal 
swirl near the tangent of two-stage feeding inlet and two-stage 
cylinder accelerated flows toward the two-stage overflow 
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outlet, for subjecting to the impact of feeding centrifugal swirl, 
while the tendency that flowing toward the top of two-stage of 
internal swirl more away from the tangent of two-stage feeding 
inlet and two-stage cylinder is slow up, for subjecting to the 
impact of external swirl that flows toward the bottom of two-
stage, but it still flows toward the top of two-stage overall. 

10) As shown in Fig.3 and Fig.4, the generation process of 
internal swirl in two-stage is different from the one-stage 
cylinder. Most of the internal swirl in the two-stage 
concentrated forms in the two-stage cylinder and middle-upper 
part of the cone, in addition, the mixture accumulated in the 
two-stage cylinder and middle-upper part of the cone is more 
than other position of the two-stage, and the actual separation 
in two-stage mainly occurs within the described accumulated 
region. 

V. CONCLUSIONS 

1) The flow trace in one-stage of three products heavy 
medium cyclone is intensive, and the upper flow trace is 
intensive than other parts in one-stage. 

2) The main separation occurs in one-stage, addition, it can 
be seen, the centrifugal behavior immediately occurs 
immediately at tangent position of one-stage cylinder, when the 
particles mixed with heavy media suspension mixture goes into 
the feed port. 

3) When the mixture goes into one-stage cylinder, it mainly 
flows toward to overflow outlet and underflow outlet direction 
of one-stage cylinder, and forms external swirl and internal 
swirl flow. 

4) Particles in the mixture flow out the corresponding 
overflow outlet and underflow outlet by the collective effect of 
the external swirl and internal swirl, thereby achieves 
separation 
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