
 

Journal of Computing and Electronic Information Management 
 

ISSN: 2413-1660 

 

81 

 

Operating conditions affecting the grading performance of the 

vortex air classifier 

 
Hanzheng Dong 

School of Mechanical and Electronic Engineering, Shandong University of Science 

and Technology, Qingdao, Shandong, 266590 China 

Donghanzheng1259@163.com 

Abstract: The powder sorting machine is an important equipment of the closed-circuit 

grinding system. It can select materials smaller than a certain particle size in time to 

avoid over-grinding, improve grinding efficiency and save energy, it can also 

effectively reduce the coarse powder in the finished product, adjust the particle size 

composition of the product, and ensure the quality of the grinding product. The 

classifier widely used in the cement industry has experienced three stages of 

centrifugal classifier, cyclone classifier and vortex classifier. The O-Sepa classifier, 

known as the third- generation classifier, was developed by Japan's Onoda Company 

in 1979. It retains the advantages of cyclone-type separator material dispersion, off-

machine fan circulation, and internal airflow classification. The cage rotor and the 

guide vane structure are adopted, and the material is sorted by the planar vortex flow, 

which greatly improves the processing capacity, the powder selection efficiency and 

the fine powder collection ability of the classifier. The O-Sepa classifier has therefore 

been rapidly promoted and applied worldwide. 
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1. O-Sepa powder separator machine working principle 

The structure of the O-Sepa separator is shown in Figure 1. It consists mainly of a 

volute, a hopper, an electric motor and a cage rotor. The material is fed into the 

classifier through the inlet, centrifugally spread by the spreading disc, and then falls 

into the annular classification zone composed of the guide vane and the rotor blade. 

The material classification of the O-Sepa separator is respectively generated in the 

outer annular grading zone between the guide vane and the rotor and the grading 

zone formed by the rotor blade itself. The former classification zone belongs to the 

free vortex, and the airflow in the latter classification zone belongs to the forced eddy 
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current. The forced eddy current in the rotor blade is the main area that affects the 

classification accuracy and the separation granularity. 

 

1—ash hopper; 2—secondary air inlet; 3—finished product outlet; 4—motor; 5—

support frame; 6—vertical shaft; 7—inlet port; 8—primary air inlet; 9—cage rotor; 

Three air inlets; 11—coarse powder outlet 

Figure.1 O-Sepa separator machine structure 

 

 

Figure 2 Stress during particle grading 

 

The force of the particles in the O-Sepa classifier is shown in Figure 2. The force of 

the powder in the powder selection area is relatively complicated, mainly including 

gravity, airflow force and centrifugal force, in addition to other forces, such as 
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buoyancy, Basset force, Safman force, additional mass force, etc. Among the above 

related forces, not all forces are equally important. The centrifugal force generated by 

the tangential motion of the particles and the centripetal force of the airflow acting on 

the particles play an important role in the movement of the particles, which determines 

the trajectory of the particles. 

 (1) Theoretical grading particle size in the annular region of the O-Sepa classifier 

The annular space area surrounded by the inner boundary of the guide vane and the 

outer boundary of the cage in the O-Sepa separator is an important hierarchical 

functional zone. In this region, the powder particles vortex with the airflow, the 

tangential velocity of the particles is ut, and the outward residual inertial centrifugal 

force isFc0; On the other hand, the air flowing in the tangential direction is discharged 

from the center pipe, and when the whirling motion is performed, the centripetal 

velocity ur is maintained, and an inward airflow Fr is generated to the particles. 

Fc0 =
πd3(ρp − ρ)ut

2

6r
                                                         (1) 

Fr = ξ
π

4
dp

2ρ
ur

2

2
                                                                     (2) 

According to Newton's second law, the equation of motion of a particle is: 

m
du

dt
= Fc0 − Fr                                                                  (3) 

Assume that the above situation belongs to the laminar flow area. ξ =
24

Rep
, Rep =

ρur
2r

μ
: 

When 
𝑑𝑢

𝑑𝑡
= 0, dp can be solved, and the particle size at this time is called the graded 

particle size (dc): 

𝑑c = 𝑢t√
18𝜇𝑟𝑢r

𝜌p − 𝜌
                                                           (4) 

In the formula  

dc—Separation particle size ,m; 

μ—Dynamic viscosity of fluid, Pa·s; 

r—Rotation radius of the particle, m; 

ur—Radial velocity of the airflow, m/s; 

ut—Tangential velocity of airflow, m/s; 

ρp—Particle density,kg/m3; 

ρ—Gas density,kg/m3 

(2) Theoretical grading particle size in the grading area between rotor blades 

Since the airflow forms a forced eddy current field in the turbine classification zone, ω 

is a constant, so: 

V r⁄ = ω = πn 30⁄                                                               (5) 
In the formula  
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n—Rotor speed, r/min 

Also, the radial velocity of the airflow in this region is: 

ur = Q 2πh⁄                                                                               (6) 
In the formula 

 Q—Air volume, m3 s⁄ ; 

 h—Rotor height, m. 

From the formulas (4), (5), (6), the theoretical grading particle size formula in the 

region between rotor blades can be obtained: 

dc =
1

ω
√

18μr(Q 2πrh⁄ )

ρp − ρ
=

3

ωr
√

Qμ

πh(ρp − ρ)
                                         (7) 

It can be seen from equation (7) that the graded cut particle size is not a fixed value, 

and it varies in a certain range with the radius r and the rotor speed in the graded 

area between the rotor blades. The grading particle size of the annular region depends 

mainly on the radial and tangential velocity values of the gas stream. 

 

2. Operating conditions affecting the grading performance of the vortex 

air classifier 

The most important operating parameters in the vortex air classifier include: feed rate, 

cage speed and air volume. After the structural size of the classifier is determined, in 

the grading process, the above three parameters are usually adjusted to achieve 

different grading purposes. In order to improve grading efficiency and grading 

accuracy, the selection of the three must follow the following principles: 

(1) Feeding speed 

The feed rate is the amount of material that enters the vortex air classifier per unit 

time. The value of the value determines the powder handling capacity and output of 

the classifier, and it is also one of the most important factors affecting the classification 

performance of the classifier. From the perspective of energy saving, the feed rate 

should be increased as much as possible, that is, the throughput and output should 

be increased. However, in the classification process, when other operating parameters 

are constant, the classification efficiency and classification accuracy decrease as the 

feed rate increases. This is because when the feed rate increases and the solid particle 

concentration (the amount of material in the unit air volume) in the classifier increases, 

the collision and agglomeration between the coarse and fine particles is aggravated, 

resulting in poor material dispersion, coarse and fine particles. The amount of 

intermixing increases. Therefore, in the selection and operation of the vortex air 

classifier, it is not possible to simply increase the throughput, but should consider the 

appropriate particle concentration in the gas flow medium. 
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(2) Rotating speed 

The rotation speed of the cage is one of the most important parameters in the 

operation of the vortex air separator. The rotation speed of the cage directly affects 

the classification performance of the entire classifier. When the physical properties of 

the particles and air and the structure of the classifier and the amount of inlet air are 

constant, the size of the grading particle size is completely determined by the 

tangential velocity of the gas stream at that location, and the tangential velocity of 

the gas stream increases as the rotation speed of the cage increases. Therefore, 

theoretically speaking, as the rotation speed of the cage increases, the graded particle 

size shows a significant decrease. 

Although the rotation speed of the cage has a great influence on the classification 

performance, the increase of the rotation speed is not endless. Firstly, it is limited by 

the machine itself, and the rotation speed is too high, which causes problems in the 

processing and operation of the equipment; Secondly, from the influence of the flow 

field on the classification performance, when the rotation speed of the cage reaches 

a certain speed range, the turbulence of the flow field between the blades will increase, 

the classification of the particles will be affected, and the classification efficiency will 

decrease. Increasing the rotation speed of the cage rotor can absolutely reduce the 

fineness of the finished grain, but the ideal condition of the cement particles is that 

the particles of 3～30μm account for the majority of the total amount. Rather than 

just requiring the finished product to be smaller, the better. Therefore, the speed of 

the cage rotor should not be too blind, but should be based on the actual particle size 

requirements of cement products and production costs and efficiency. Rather than 

simply increasing the speed to achieve super-segmentation. 

(3) Air volume 

The air volume refers to the amount of air that enters the classifier by the air inlets 

on both sides per unit time. It is also one of the important process parameters in the 

operation of the vortex air classifier. On the one hand, the size of the air volume 

directly affects the size of the graded particle size. According to the mechanism of 

powder selection, when the air volume increases, the viscous force of the airflow to 

the particles is greater, and some coarse powder materials may be brought into the 

fine powder, and the particle size of the fine powder will increase, resulting in an 

increase in the classification particle size. Therefore, from this point of view, it is often 

not desirable to increase the air volume. On the other hand, the size of the air volume 

also determines the ability of the airflow to carry materials. If the air volume is too 

small, the airflow cannot generate sufficient negative pressure in the classification 

area, which is not conducive to the rapid discharge of fine powder. It also affects the 

production and classification of the vortex air classifier. Therefore, the air volume of 
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the vortex air classifier must be selected to an optimum value and matched with the 

speed to achieve a good classification effect. From the actual process of grading, it is 

best to carry out grading in the case where the air volume and the rotational speed 

are both high. Because the air volume is too small, it is not conducive to the 

transportation of materials, and the rotation speed is too small to separate the fine 

particles. 

The air volume through the O-Sepa separator is mainly from primary air (dust dust 

containing dust, accounting for 70% to 80% of the total air volume), and secondary 

air (dust-containing gas such as hoist, which accounts for about 20% of the total air 

volume) Third time (clean air, accounting for about 10% of the total air volume). In 

the production process, control the coarse powder return amount, adjust the powder 

selection efficiency, cycle load, in addition to adjusting the powder selection speed, 

fan valve, but also reasonable adjustment of the first, second and third wind of the 

classifier. Under normal circumstances, under the condition that other system 

conditions are unchanged, the primary air is opened, the ventilation inside the mill is 

enhanced, the material flow rate is increased, and the absolute value of the negative 

pressure of the grinding tail is increased; When the secondary air and the third wind 

are opened, the amount of ventilation in the mill is reduced, and the absolute value 

of the negative pressure of the grinding tail is lowered, but the second and third winds 

only play a fine adjustment effect. The influence of each air volume adjustment of the 

classifier on the working conditions of the mill system is shown in Table 2. It can be 

seen from Table 2 that reasonable adjustment of the first, second and third wind air 

volumes has a crucial impact on the stability of the mill operating conditions. 

Table 2 Effect of air volume adjustment of the classifier on the working conditions of 

the mill system 

throttle 
Grinding 

flow 

Abrasive 

pressure 

Selection of 

powder machine 

negative pressure 

Coarse 

powder 

return 

Finished 

product 

fineness 

Increase 

the wind 

once 

increase rise rise increase Thicken 

Increased 

secondary 

air 

decline decline decline cut back Thinning 

Triple wind 

increase 
decline decline decline cut back Thinning 

(4) Temperature 

The actual working condition temperature is often higher than the standard condition 
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temperature, and the actual working condition temperature of the classifier is 

generally 80-100 °C. According to the principle of thermal expansion and contraction, 

the volume of gas in the classifier changes with temperature, and the change of gas 

volume affects the change of air volume. The influence of air volume on temperature 

can be calculated by equation (8). 

Q =
QN × (273 + t)

273
                                                            (8) 

In the formula 

Q—Air volume under conditions of temperature t, m3 min⁄ ; 

QN—Air volume under standard conditions ,m3 min⁄ ; 

t—Gas working temperature,℃. 

(5) Cyclic load 

The cyclic load of the classifier is an important factor affecting the power configuration 

of the classifier. Determining the appropriate cycle load rate in the circulating flow 

grinding system is a key indicator of energy saving and consumption reduction. The 

greater the cycle load of the classifier, the greater the power consumption of the 

classifier. The production capacity of the classifier is proportional to the feed 

concentration of the classifier, and the feed amount is related to the cyclic load of the 

system. The larger the cycle load, the larger the feed amount. According to the 

production capacity formula of O-Sepa separator, The stronger its production capacity, 

the greater its corresponding power consumption.  

Under suitable operating conditions, the cyclic load and specific surface area of the O-

Sepa classifier are as shown in Table 3. As the cyclic load increases, the specific surface 

area of the product increases. 

Table 3 Relationship between cyclic load and specific surface area 

Product specific 

surface area /(m2 kg⁄ ) 
300 320 340 360 380 400 450 500 550 

Cyclic load /% 120 150 175 200 235 270 340 400 450 

Through the above analysis, we can find that each process parameter affects and 

restricts each other. To meet the requirements of the new national cement standard, 

too high powder selection efficiency forces you to lower the fineness control index of 

the product. Too high powder selection efficiency, while forming too low cycle load, 

the mill's production time is reduced, too low powder selection efficiency, the mill's 

table time production will not be very high, and it will form a grinding phenomenon, 

also a high specific surface area may occur. Therefore, we can't just look at a certain 

indicator. We must consider every aspect comprehensively. We can only master it if 

we understand it and master it. The use of the classifier not only improves the mill's 

production time, but also guarantees the quality of the cement. This is our ultimate 
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goal. 
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