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Abstract. The separating principle of the cyclone separator has been analyzed by analyzing the 

tangential speed, the axial speed, and the pressure distribution of the flow field inside the cyclone 

separator. The dimensional parameters of the separator with larger effects on the separation efficiency 

of plastics have been identified such as the length of the overflow pipe, the length of the separator, and 

the diameter of the discharge opening. Based on Taguchi method, orthogonal experiments have been 

designed for separating process parameters according to the identified dimensional parameters. 

Furthermore, the separating process has been simulated for different dimensional parameters and 

different operating conditions. The separating efficiency of waste plastics has been obtained. 

According the analyses, the optimization of the separator has been conducted. The optimal 

dimensional parameters and operating parameters of the cyclone separator have been identified for 

high efficient separation of waste plastics.  

Introduction 

Pollutions introduced by widely used plastic products become more and more serious 
[1, 2]

. 

Conventionally, waste plastics are buried or burned 
[3]

. These methods have progressed a lot, but still 

there are secondary pollutions to generate harmful gas 
[4]

.  Therefore, the best way to handle waste 

plastics is to recycle them. But in the recycling process, it becomes more and more important to sort 

these waste plastics with various densities 
[5]

.  Drum screens have been used to sort municipal wastes 
[6]

. But drum screens are not suitable for the sorting of waste plastics with various densities. In 

previous pneumatic sorting experiments, the wind directions are always fixed resulting in the limited 

contacting time between the plastic particles and the blowing air. Consequently, the sorting efficiency 

is very low. The cyclone separating method has been applied and introduced in this paper. The 

dimensions of the sorting equipment have been reduced largely. The contacting time between the 

plastic particles and the blowing air and the sorting efficiency have been increased.  

Cyclone sorting principle 

There are balanced guide model and residence time model for cyclone sorting. Previous 

experiments show that the Barth model of the balanced guide models is relatively better than other 

models. As shown in Fig. 1, the Barth model forms a hypothesis plane CS inside the separator by 

extending the overflow pipe to the discharge opening of the separator. 

 
Fig. 1 the hypothesis plane CS 
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In the plane CS, the centrifugal force bearing by the plastic particles and the air-flow resistance 

come to a balance.  
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Where, 
t  

is
 
the density of plastic particles, 

td  is
 
the diameter of plastic particles, 

CSv  
is

 
the 

tangential speed in the plane CS of plastic particles, 
rCSv

 
is

 
the axial speed in the plane CS of plastic 

particles, D is the diameter of the cyclone separator. 

The centrifugal force bearing by the plastic particles is in direct proportion to the mass of the 

plastic particles. Assume diameters of plastic particles are the same, the centrifugal force bearing by 

the plastic particles is in direct proportion to the density of the plastic particles. The mixed waste 

plastic particles enter the entrance of the separator under the air forces. With the constraints of the side 

wall, motions of waste plastic particles change from linear to revolving by the centrifugal actions. 

Most of the airflows move in a spiral way and enter into the cone portion of the separator. The formed 

vortex is known as the outside vortex. Meantime, mixed waste plastics in the airflow with larger 

densities will contact and collide with the side wall of the separator by centrifugal forces. Then, these 

plastic particles will fall into the discharge opening following the outside vortex and leave the 

separator. Under the motions of the outside vortex, high pressure area and low pressure area will be 

formed near the outside wall and in the central area of the separator, respectively. Therefore, air flows 

up at the center of the separator and plastic particles with lower densities will fly up and escape from 

the overflow pipe. Based on this principle as shown in Fig. 2, waste plastic particle with various 

densities are sorted. 

 
Fig. 2 The schematic view of the cyclone separator 

The inside flow field analysis 

The key parameters affecting the sorting efficiency can be identified by analyzing the air field 

inside the separator.  

Speed analysis of the flow field. The speed vectors are shown in Fig. 3, where the transverse and 

longitudinal cross sections are shown. It shows that the air forms the downward vortex firstly and then 

forms the upward motions at the bottom inside the cyclone separator. The air core cylinder has been 

formed at the center of the separator. The air flow is relatively symmetrical. The symmetry at the 

upper area is worse than that at the lower area of the separator. It can be explained that the asymmetry 

is mainly caused by the single entrance design of the separator.  

The flow field has the feature of double-layer flow as the downward flow at the outside area and 

the upward flow at the inside area. Furthermore, there exist many secondary vortexes.  

The formulae of the outside vortex and the inside vortex are as Eq. 1 and Eq. 2, respectively. 
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Where, m and n are vortex indexes and their values are from 0.5 to 0.7 decided by the size of the 

separator, c1 and c2 are constant, r is the axial distance.  

  
Fig. 3 Speed vectors inside the separator 

The analyses show that the length of the overflow pipe has more important effects on the sorting 

performances.  

Fig. 4 shows the cloud distributions of the transverse and longitudinal cross sections of the axial 

speed. It can be seen that plane CS is the separating plane of plastic particles with different densities. 

The diameter of the discharge opening has larger effects on the separating efficiency.  

   
Fig. 4 Axial speed distributions 

Pressure decrease analyses. There are two pressure decrease areas inside the separator. One is from 

the entrance to the interface between the outside vortex and the inside vortex. Another is from the 

interface to the overflow opening. The distributions of the general pressure and the static pressure are 

shown in Fig. 5. 

  
(a) The general pressure distribution 
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(b) The static pressure distribution 

Fig. 5 Pressure distributions  

From Fig. 5, the general pressure and the static pressure decrease very quickly with the reduction of 

the diameter. The static pressure of both the entrance and the overflow pipe are higher than that of the 

central area.  

According to the above analyses, key parameters affecting the separating effects are the length of 

the overflow pipe, the length of the separator, and the diameter of the discharge opening.  

Experimental simulations 

Power spinning turbulent flow exists inside the separator. Therefore, the anisotropic RSM 

turbulent flow mode is adopted. The differential model adopts the QUICK model and the pressure 

compensation model adopts the PRESTO model. The Euler dual-fluids model is adopted. Air media 

works as the basic phase. Two different kinds of waste plastic particles work as the secondary and 

third phases, respectively. The collisions among plastic particles are neglected. Based on the above 

selections and the non-interlaced mesh SIMPLEC, the simulation model has been created. Fig. 6 

shows the simulation results. 

   

          (a) Trajectories of the PET particle        (b) Trajectories of the PE particle 

Fig. 6 Simulation results 

From Fig. 6, most of the PET plastic particles with larger density escape from the discharge 

opening. But there also some particles moves outside from the overflow opening. Because PE 

particles have a smaller density, the following performance of the air flow is better and the PE 

particles move outside from the overflow opening. That means the sorting of various waste plastic 

particles has been successfully achieved.  

Experimental simulation results. Based on the above simulation model and the Taguchi method, 

the orthogonal experiments L25 (5
5
) have been designed and conducted. Table 1 shows the 

experimental simulation results, where Y1 and Y2 are the separating efficiencies of the waste plastics 

PET and PS, respectively.  
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Table 1  Experimental simulation results 

No. 

Length of 

the 

overflow 

pipe (mm) 

Length of 

the 

separator 

(mm) 

Diameter of 

the discharge 

openning 

(mm) 

Speed at 

the 

entrance 

(m/s) 

Plastic 

size 

(mm) 

Y1 Y2 

1 100 1200 60 17 1.0 0.25 0.19 

2 100 1300 80 18 1.5 0.35 0.31 

3 100 1400 100 19 2.0 0.30 0.21 

4 100 1500 120 20 2.5 0.21 0.17 

5 100 1600 140 21 3.0 0.22 0.14 

6 200 1200 80 19 2.5 0.36 0.32 

7 200 1300 100 20 3.0 0.33 0.31 

8 200 1400 120 21 1.0 0.30 0.29 

9 200 1500 140 17 1.5 0.24 0.25 

10 200 1600 60 18 2.0 0.33 0.24 

11 300 1200 100 21 1.5 0.39 0.35 

12 300 1300 120 17 2.0 0.35 0.29 

13 300 1400 140 18 2.5 0.31 0.37 

14 300 1500 60 19 3.0 0.52 0.49 

15 300 1600 80 20 3.0 0.54 0.48 

16 400 1200 120 18 3.0 0.56 0.55 

17 400 1300 140 19 1.0 0.48 0.49 

18 400 1400 60 20 1.5 0.88 0.84 

19 400 1500 80 21 2.0 0.91 0.87 

20 400 1600 100 17 2.5 0.87 0.87 

21 500 1200 140 20 2.0 0.63 0.69 

22 500 1300 60 21 2.5 0.74 0.91 

23 500 1400 80 17 3.0 0.93 0.88 

24 500 1500 100 18 1.0 0.92 0.82 

25 500 1600 120 19 1.5 0.83 0.83 

 

Experimental analyses. From Table 1, the length of the overflow pipe has the greatest effects on the 

separating efficiency, which has the direct proportion to the length of the overflow pipe. The reason is 

that the short circuit flow at the bottom of the overflow opening reduces with the increase of the 

length of the overflow pipe. This kinds of effects become intensively when the density of the waste 

plastics becomes smaller and smaller. But it is not the smaller the best since chatter will happen when 

the separator runs at a higher speed because the air flow along the overflow pipe will have a shock 

effect on the pipe. The frequent chatter will cause the pipe break resulting in the air leakage. Moreover, 

it will result in the crest broken. Therefore, the length of the overflow pipe should be selected 

considering various actual conditions. 

The secondary more important factor is the diameter of the discharge opening. It can be seen from 

Table 1 that the separating efficiency becomes lower when the diameter becomes smaller. The reason 

is that the item to be separated is waste plastics. The concentration of the waste plastic particles at the 

discharge opening becomes too large to cause larger frictions and possible ionizations. But when the 

diameter becomes too large, the separating efficiency also becomes smaller. The reason is that the 

interface between the outside and inside vortexes will be affected. The CS plane is too close to the 

inside wall to cause excessive frictions.  
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With the increase of the length of the separator, the sorting efficiency increases at the beginning. 

But when the length of the separator reaches 1600mm, the sorting efficiency decreases. The reason is 

that the airflow changes to the overflow pipe before it reaches the discharge opening.  

Based on the above analyses, the optimum parameters are 23245 EDCBA , namely, the length of the 

separator is 1500mm, the length of the overflow pipe is 500mm, the diameter of the discharge 

opening is 80mm, the air speed at the entrance is 17m/s, and the size of the waste plastic particle is 

2mm.  

Summary 

The separating model of waste plastics inside the cyclone separator has been introduced according 

to the separating principle analyses. Aiming at a higher sorting efficiency, simulation models have 

been created and key parameters affecting the efficiency have been identified as the length of the 

separator, the length of the overflow pipe, the diameter of the discharge opening. Based on Taguchi 

method, further experimental simulations have been conducted and optimum parameters have been 

achieved to form a solid basis for future design and development of high efficient waste plastic sorting 

equipments.  
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