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Abstract. Sunflower is the most important oilseed in many countries. Separation of the sunflower grain mixture 

by the difference of the aerodynamic characteristics of its components showed that the most perspective for the 

improvement of the quality and intensification is the process of its separation in the aspiration separator. A new 

design of an improved seed aspiration separator has been developed that carries out the technological process of 

separating the sunflower seeds using vibration processes. So, in the seed separator, the air flow of constant force 

through the sail elements leads to the imposition of forced vibrations on the central tube of the distributor of the 

supplied seeds, which leads to the creation of centrifugal forces in the sunflower seed feeding system. As a result 

of experimental studies, it was established that the rational speed of the air flow should be in the range 4.5-

5.5 m∙s
–1

, the most rational length of the aspiration channel is 0.8 m, the diameter of the aspiration channel 

should be equal to 200 mm. The obtained results of the experimental research may be used for the development 

and designing of production prototypes of the aspiration separators of grain mixtures. 

Keywords: sunflower seeds, separation, air flow, vibration. 

Introduction 

Sunflower is the most important oilseed in many countries. The oil content in sunflower seeds is 

40-52 %. In Ukraine its area is about 14.8 mln. ha and the yield reaches 4.6-5.0 t∙ha
-1

 [1]. 

One of the important stages of preparation for processing and storage of food grain and seeds for 

sowing is their subsequent processing, in particular, separation from impurities and separation into 

fractions [2-5]. At the same time, the process of separation of the grain mixture using air flow has 

become widespread [6]. As a rule, in the existing grain and seed cleaning machines the process of 

separation of grain and seeds by the air flow is carried out in aspiration channels of various designs. 

In addition, it should be noted that each of the existing designs of the suction channels has a 

number of significant drawbacks, the main of which are the difficulty of setting, the high energy 

consumption, the low quality of separation of seeds into fractions and the insufficient quality of work 

with seeds of various humidity [7-8, 17].  

Based on the analysis of the research results of many scientists, it can be concluded that for the 

implementation of the separation process of grain and seeds by the air flow the most used are vertical 

aspiration channels with lower discharge. 

In this case, with a sufficiently simple design of the separator mentioned there is implemented a 

possibility to process bulk materials and to reach high efficiency and quality of the seed separation 

into fractions. In order to increase the efficiency of separation of seeds into fractions, it is desirable to 

create in the system of aspiration separation of seeds a self-oscillating mode of movement located in 

the aspiration channel of the central tube. A lot of published works are devoted to scientific research of 

the process of separation of grain and various crops, among which [5-6] should be noted. 

Moreover, it was shown in [9-11] that in the central part of the suction channel the air flow rate is 

maximum and decreases closer to the walls, which worsens the conditions for the process of 

separation of seeds. At the same time, the lower zone of the air flow is used inefficiently, although, 

taking into account the different speeds of seeds soaring in different fractions, in this part of the space 

of the suction channel, the effect of improving the quality of separation of seeds into fractions can be 

obtained. Our proposed new design of a vibroaspiration separator with lower discharge and the 

creation of a self-oscillating motion of the central pipe will eliminate the above disadvantages. 

In [15] the efficiency of the aspiration chamber was proved when cleaning the grain from such a 

contaminant as insects and mites. Also, similar results were obtained under the conditions of 

separation of high-quality grain [16].  

The purpose of the work is to substantiate rational parameters of the aspiration separator of seeds. 
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Materials and methods 

The structural diagram of the new vibratory aspiration separator of seeds is presented in Fig. 1. As 

evident from the presented structural diagram (Fig. 1), in the vertical aspiration channel of the grain 

separator there is a central pipe 2, which is connected by elastic elements 7 to the aspiration channel 1, 

which is a stationary pipe of a larger diameter. Thus, the central pipe 2 is movable, and this mobility is 

determined by the elasticity of the elements 7.  

The central movable pipe 2 is equipped with sailing elements 6, which, under the action of the 

suction air flow, cause the central pipe 2 to perform periodic circular oscillatory movements at the 

angle β. On top of the central pipe 2 there is installed a removable seed distributor 3 of a conical 

shape. Using the removable seed dispensers 3 having a different angle at the apex of the cone, a 

different rate of the seed descent Vo into the space of the aspiration channel is achieved. As a result of 

circular self-oscillatory movements of the central pipe 2 (around its longitudinal axis), which are 

created by the sailing elements 6 and the suction air stream, the initial movement of the seeds is 

achieved, when the seed 3 immediately leaves the distributor 3 not vertically downward but at a 

certain angle α.  

Thus, the design of the new vibratory aspiration separator allows changing its design parameters 

that provide such parameters as: the initial speed Vo (changing the taper of the seed distributor 3); the 

rotation angles β of the central pipe 2 during its self-oscillating circular movements (changing the size 

and shape of the sailing elements 6, the stiffness of the elastic elements 7, as well as the speed of the 

suction air flow); the angle α of descent of the seeds into the space of the aspiration channel 1 

(determined by the amplitude of the self-oscillating process of the central pipe 2), which leads to the 

separation of the seed mixture into the necessary fractions. During the experimental studies, there were 

developed and manufactured the laboratory facilities and the instruments, necessary for recording the 

results. Also, a methodology for a multivariate experiment and modern methods of statistical 

processing of the results were used [12-14]. The statistical simulation was done according to the Box-

Benkin method, the adequacy of the obtained regression models was checked by the Fisher test, the 

significance of the coefficients of the regression models was determined by the Student criterion, the 

optimal values of the structural and kinematic parameters of the aspiration separator were found using 

the classical optimisation methods. 

In the experimental study of the fractionation process of a multifractional bulk grain mixture in 

the aspiration separator of the design developed by us, we studied the impact of the air flow velocity in 

the aspiration channel of the separator upon the separation of the seed mixture into the necessary 

fractions, determined the required length of the vertical aspiration channel and its diameter, 

determined the diameter of the nozzle for the seed to enter the suction channel, justified the design 

parameters of the sail elements that are mounted on the central separator tube. For this, we designed 

and manufactured an experimental setup, the scheme of which is shown in Fig. 2. 

  

Fig. 1. Structural diagram of the new vibratory 

aspiration separator: 1 – suction channel;  

2 – central pipe; 3 – seed distributor; 4 –fan;  

5 – seed hopper; 6 – sail elements; 7 – elastic 

elements; 8 – seed distributor into fractions 

Fig. 2. Experimental setup for the research of 

the vibratory separator for sunflower seeds:  
1 – capturing surface; 2 – Pitot-Prandtl tube;  

3 – fan; 4 – anemometer; 5 – seed feed regulator 
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It should be immediately noted that the right choice of the necessary air flow velocity in the 

aspiration channel, created by the fan, is an essential element in substantiating a justified design and 

kinematic parameters of the separator. When the air velocity is insufficient, the aerodynamic 

properties of the seeds do not lead to efficient splitting of the particle paths of individual fractions and 

at an excess velocity of the indicated flow, a significant part of the quality seeds will be carried up as 

the waste of light impurities. According to the developed methodology a fractional factorial 

experiment of the type 2
4-1

 was implemented. The repeatability of the measurement of the investigated 

parameters at each point was five. The following parameters were taken as the input parameters: the 

air velocity inside the aspiration channel; the rotation angle of the central pipe of the aspiration 

channel as a result of its self-oscillating movements; the rate of descent of the seeds from the 

distribution cone; the angle at which the seeds enter the space of the aspiration channel; the geometric 

dimensions of the cone element of the distributor. As the output parameters, the distribution of the 

seeds of the medium and heavy fractions is taken during their vibratory aspiration separation.  

The air flow characteristics were studied using an experimental separator setup and laboratory 

measuring equipment, in particular, a Pitot-Prandtl tube, a liquid compensation micromanometer with 

a micrometer MKV-250 of a screw type, and an ARI-49 anemometer. As the working fluid denatured 

alcohol was used. The range of the measurements by the micromanometer was 0 to 250 Pa, the 

permissible error was 0.02 %. The critical air flow rate was determined under the condition of 

extraction or hanging up inside the channel of the lightest from the separated seeds, using a specially 

developed methodology. Using as a criterion the maximum difference in the radii of seed dispersion 

between fractions, we obtained the value of the rational air velocity in the aspiration vertical channel 

of the separator, as well as the necessary energy consumption for the process under study. The 

conducted experimental investigations showed the results indicating that the sunflower seeds of the 

heavy fraction are stably concentrated around the base of the central tube of the vibratory aspiration 

channel and, by all means, will fall into the corresponding branch-off channel and the seed hopper of 

the heavy fraction. The seeds of the medium fraction fall down along their paths of the movement and 

are concentrated around the lower base of the central pipe already at a greater radius from its 

longitudinal axis and, accordingly, will, by all means, fall into their arcuate outlet channel and the 

hopper of the middle fraction. The light (defective) sunflower seeds, dust and other small particles are 

discharged outside the separator through its upper part.  

In order to build a calibration curve, an ARI-49-type anemometer was used, which was installed 

at certain points of the vertical channel opposite the direction of the air flow. After that, at each of the 

same points, using the Pitot-Prantl tube, the readings of the MKV-250 micromanometer were 

recorded. The critical air flow rate was determined under the condition of exit or hanging-up inside the 

channel of the lightest of the separated seeds. Under the lower end of the aspiration channel, at the 

distance of placement of the hoppers-fraction separators (about 10 cm) there was mounted a horizontal 

surface, which, by its dimensions, exceeded the diameter of the aspiration channel at least by 20 %. 

On the plate there were marked the centre of the aspiration channel and the radii from 10 to 300 mm, 

with a step of 10 mm. The surface of the plate was coated with a thin layer (0.5-1.0 mm) of Litol-24 

grease. Next, 10 marked seeds of different densities were thrown exactly into the centre, and, by 

means of a calliper, the radii of the spread of the sunflower seeds were determined, calculating the 

average value and dispersion. A series of investigations was repeated, changing by means of a 

regulator the rate of the air flow from 0 to 150 % of the critical speed in 10 % increments, using the 

Pitot-Prandtl tube for the control. Applying the maximum difference in the radii of spacing between 

the fractions of the seeds as a criterion for evaluation, we obtained the value of the rational speed of 

the air flow in the vertical aspiration channel of the separator, as well as the necessary energy 

consumption for the separation process.  

It was also found that at an insufficient length of the aspiration channel of the separator, the 

trajectories of the movement of the particles of the sunflower seeds will be too close to achieve clear 

separation of the fractions, but at a great length of the vertical channel excessive consumption of 

energy and increase in the height of the hopper installation are observed. In addition, a probability 

increases of repeated suspension of the rotating sunflower seeds, split in their way from the wall to the 

centre of the aspiration channel, which accordingly impairs the quality of the fractionation. Therefore, 

to determine the length of the aspiration channel according to the methodology of the previous 
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experiment, the research was repeated, changing the height of the seed throwing in relation to the 

lower end of the vertical aspiration channel of the separator within the range from 0 mm (10 cm from 

the plane of the hoppers-separators), and to 1.0 m after every 10 mm to the maximum length of the 

vertical channel of the separator, i.e. to its upper part with the fan blades. The obtained results made it 

possible to draw a conclusion regarding the searched most rational length of the aspiration channel.  

An excessive diameter of the aspiration channel leads to significant energy consumption, 

especially, when creating an air flow of high productivity. To study the impact of the diameter of the 

aspiration channel upon the performance of the separator, a device for fixing and feeding seeds was 

developed, which was produced on the basis of an electromagnetic relay of the RES-6 type, with a 

clamp for seeds. After the necessary repeatability throwing each of the 10 marked seeds according to 

the previous method was ensured, the smallest distance from the seed to the nearest wall of the vertical 

aspiration channel of the separator was measured, and its average value and dispersion were 

determined. As a result, the maximum seed feeding distance was obtained in the upper part of the 

vertical aspiration channel of the separator.  

Besides, in order to produce an array of the data obtained as a result of the experimental 

investigations, at each point such statistical characteristics as the average value x̄ and dispersion σx 

were calculated to discard the a priori false results that do not fall into the interval x̄ ± 3σx. The results 

of the experimental investigations are presented in a tabular form with the results displayed in the form 

x̄ ± 3σx. 

Results and discussions 

Based on the conducted experimental studies, the values of the average separation radius of a 

sample of the sunflower seeds were obtained depending on the air flow rate and the seed weight 

(Table 1).  

Table 1 

Average radius of dispersion of the sample of the sunflower seeds  

depending on the speed of the air flow and the mass of the seeds 

Speed of the air flow, m∙s
–1

 

3.5 4.0 4.5 5.0 5.5 6.0 Mass 

of the seeds, g Distance of the seed displacement from the axis of the 

central pipe of the aspiration channel, mm (x̄ ± 3σx) 

0.035 35 ± 6.3 42 ± 3.8 55 ± 5.0 70 ± 6.3 78 ± 8.4 – 

0.041 32 ± 3.8 38 ± 3.4 45 ± 6.5 62 ± 7.0 60 ± 5.4 – 

0.047 30 ± 4.5 35 ± 7.4 42 ± 6.3 45 ± 6.8 48 ± 7.2 – 

0.054 25 ± 3.8 28 ± 3.4 28 ± 2.5 40 ± 8.4 45 ± 6.8 10 ± 1.2 

0.060 15 ± 2.7 25 ± 5.3 30 ± 5.4 38 ± 5.7 42 ± 3.8 20 ± 4.2 

0.074 10 ± 0.9 14 ± 2.9 15 ± 3.2 25 ± 5.3 40 ± 4.8 25 ± 3.8 

0.082 9 ± 0.8 12 ± 2.5 10 ± 1.5 20 ± 1.8 25 ± 3.8 29 ± 4.4 

0.090 10 ± 1.8 10 ± 1.8 10 ± 1.5 13 ± 1.6 12 ± 1.8 32 ± 4.8 

0.093 8 ± 0.7 9 ± 0.8 8 ± 1.4 12 ± 1.8 10 ± 1.8 45 ± 4.1 

0.100 7 ± 0.6 9 ± 1.4 9 ± 1.6 11 ± 1.7 12 ± 2.2 50 ± 5.5 

From the data given in Table 1, it is evident that, when the air flow rate is increased to 6.0 m∙s
–1

, 

the lightest seeds are carried by the air stream from the receiving nozzles, located in the lower part, 

which requires the use of additional equipment to catch them. At the same time, at an air flow rate of 

3.5-4.0 m∙s
–1

, the seeds will not be able to enter the bin of the heavy fraction. Based on the 

experimental data presented in Table 1, using a PC, we plotted the dependence of splitting of the 

vertical path of the sunflower seeds upon their mass at different air flow rates (Fig. 3). 

For the above reason, these graphs were not constructed for the air flow velocities of 3.5 m∙s
–1

and 

6.0 m∙s
–1

. The graphical dependencies, shown in Fig. 1, are obtained by approximating the 

experimental data by the least squares method in the Microsoft Excel 2010 software environment. As 

it is obvious from the graphs presented in Fig. 3, a sufficiently efficient velocity of the air flow inside 

the aspiration channel of the separator is a velocity of 5.5 m∙s
–1

. At the indicated speed the heavy 
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sunflower seeds change their path in such a way that they will fall by all means into the hopper for the 

particular fraction, and the light seeds, weighing up to 0.06 g, will fall by all means into the hopper of 

the substandard fraction. Next, the length of the vertical aspiration channel of the separator was 

determined. For this, the average spacing distance of ten seeds of different masses was determined, 

depending on the length of the suction channel at a rational air flow rate (Table 2). 

 

 

Fig. 3. Dependence of the splitting distance of the vertical path of the sunflower seeds upon their 

mass at different speeds of the air flow: 1 – 4.0 m∙s
–1

; 2 – 4.5 m∙s
–1

; 3 – 5.0 m∙s
–1

; 4 – 5.5 m∙s
–1

 

From the data shown in Table 2, it is evident that, if the length of the aspiration channel is  

0.1-0.4 m, the change in the path of the seeds relative to the axis of the central pipe is insignificant; 

therefore, the value of the indicated lengths of the aspiration channel was discarded. Based on the data 

of Table 2, we constructed the graphs of the dependence of the change in the vertical path of the seeds 

along the axis of the central pipe in the horizontal direction inside the suction channel depending on its 

length (Fig. 4). 

Table 2 

Average spacing distance of ten seeds of different masses  

depending on the length of the suction channel at a rational air flow rate  

Length of the vertical aspiration channel, m 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Mass of 

the seed, 

g 
Displacement distance relative to the central axis of the vertical aspiration channel in a 

horizontal direction, mm (x̄ ± 3σx) 

0.035 14 ± 1.7 19 ± 3.4 24 ± 3.6 34 ± 4.1 50 ± 9.0 62 ± 9.3 65 ± 9.8 70 ± 10.5 

0.041 13 ± 2.3 18 ± 3.8 22 ± 2.6 32 ± 3.8 45 ± 9.5 55 ± 8.6 62 ± 8.0 65 ± 5.9 

0.047 15 ± 2.7 16 ± 3.4 21 ± 2.5 25 ± 5.3 42 ± 7.6 42 ± 7.6 45 ± 6.8 48 ± 5.8 

0.054 11 ± 2.0 18 ± 3.8 18 ± 2.2 21 ± 1.9 35 ± 4.2 38 ± 3.4 35 ± 5.3 45 ± 6.8 

0.060 10 ± 0.9 15 ± 2.7 15 ± 2.3 18 ± 1.6 22 ± 2.0 25 ± 3.8 28 ± 4.2 42 ± 3.8 

0.074 9 ± 1.4 12 ± 1.4 11 ± 1.7 15 ± 1.8 15 ± 1.4 18 ± 2.2 20 ± 4.2 38 ± 6.0 

0.082 11 ± 1.3 13 ± 1.6 11 ± 2.3 12 ± 2.5 14 ± 2.5 11 ± 1.7 15 ± 1.8 25 ± 3.0 

0.090 9 ± 1.9 12 ± 1.1 10 ± 1.8 11 ± 2.0 11 ± 1.7 12 ± 1.8 13 ± 1.2 12 ± 2.5 

0.093 9 ± 0.8 9 ± 1.9 9 ± 1.6 9 ± 1.6 10 ± 1.5 9 ± 1.9 12 ± 1.4 10 ± 0.9 

0.100 10 ± 0.9 10 ± 1.2 9 ± 1.6 10 ± 1.8 10 ± 0.9 9 ± 0.8 11 ± 1.7 12 ± 1.1 

The graphs presented in Fig. 4 show that the most rational length of the suction channel is the 

length of 0.8 m. Just at this length of the suction channel the heavy seeds (more than 0.06 g) change 

their path by more than 40 mm, which means that they will, by all means, fall into the hopper for the 

heavy fraction. In a similar way the rational value of the diameter of the aspiration channel was 

determined, namely, its value is 200 mm. An increase in the diameter of the aspiration channel above 

this value leads to an increase in the energy costs to create an air flow. We have performed statistical 

simulation, carried out according to the Box-Benkin method. With this method each variable varies at 

three levels: –1; 0; 1, which significantly simplifies the experiment, reduces the material costs and the 
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duration of the laboratory experiments in comparison with a full factorial experiment or with other 

central compositional plans. Experimental research was done for the sunflower seeds of the medium 

and heavy fractions. During the experiment, the percentage of the seeds was measured in the 

appropriate receiving hopper after separation. As responses the following values were used: y1 – the 

percentage of the separated seeds of the heavy fraction contained in the hopper for the heavy fraction, 

y2 – the percentage of the separated seeds of the medium fraction contained in the hopper for the 

medium fraction. For the factors affecting the separation process of the sunflower seeds into fractions, 

the following separator parameters were adopted: Vo – the descent rate of seeds from the distribution 

cone, m∙s
–1

; α – the descent angle of seeds from the distribution cone, deg.; Vaf  – the air flow  

rate, m∙s
–1

; β – the turning angle of the central pipe of aspiration, deg.; a – the size of the sailing 

element, mm. 

 

Fig. 4. Dependence of the distance by which the sunflower seed is deviated from its mass at a 

rational air flow rate and at the following lengths of the suction channel:  

1 – 0.5 m; 2 – 0.6 m; 3 – 0.7 m; 4 – 0.8 m 

In order to determine the parameters of the regression model, the least squares method was used 

[12-14]. The significance of the model parameters was checked by Student’s test at a significance 

level of 0.05 The insignificant parameters were discarded. As a result, we obtained regression 

dependences of the indicated responses y1 and y2 from the normalised values of the factors, noted 

above, taking into account only the significant parameters. Adequacy of the obtained models was 

checked by Fisher’s criterion [12]. 

We got that  

 Fp = 1.083 < Ft = 4.40, 

where  Fp – estimated value of the criterion; 

 Ft – its theoretical value, which confirmed the adequacy of the obtained regression 

 models. 

As a result of the transition from normalised to natural factors, we obtained the following 

regression dependence for the response 1y : 

 
1 2 3 4 5

2 2 2 2 2

1 2 3 4 5

1089.517 1905.589 82.258 0.139 6.547

1120.935 0.076 6.968 0.024 0.311 ,

у х х х х х

х х х х х

= − + + + + −

− − − − −
 (1) 

where 1 ox V= ; 2 ox α= ; 3 afx V= ; 4x β= ; 5x a= . 

Based on the constructed regression model (1), using the methods of classical optimisation, the 

optimal values of the indicated parameters (factors) of the vibratory aspiration separator were found.  

For this purpose we found all the necessary partial derivatives of the quadratic function 1y  with 

respect to the variables xi, 5,1=i  which were equated to zero. The result is a system of five linear 

algebraic equations for unknowns xi, 5,1=i , the solution of which is of the form: 

x1 = 0.85; x2 = 30.975; x3 = 5.9025; x4 = 283.5; x5 = 10.5 to prove that the solution obtained is a 

local maximum point, a Goes matrix was constructed, the elements of which are the values of the 
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second partial derivatives at the obtained stationary point. After calculating all the major minors of this 

matrix, it turned out to be negatively defined. And this means that the found point is a point of local 

maximum, that is, at this point the function y1 reaches its maximum value. Substituting the resulting 

solution into equation (1), we obtain the searched maximum value y1 of the percentage of the seeds of 

the heavy fraction in the hopper for the seeds of the heavy fraction, namely, y1 = 91.008 %. Thus, at  

Vo = x1 = 0.85 m·s
-1

; α = x2 = 30.975º; Vaf = x3 = 5.9025 m·s
-1

; β = x4 = 283.5º; a = x5 = 10.5 mm 

the percentage y1 of the seeds of the heavy fraction in the hopper of the seeds for the heavy fraction 

will be maximal and equal to 91.00 %, and the obtained values of the separator parameters will be 

optimal.  

Fig. 5 shows graphs of the response surface for the fixed values of the factors: y1 = y1(Vo, α, Vaf, β, 

a) at fixed values of the factors: α = 31º; β = 283.5º; a = 10.5 mm. 

Fig. 6 shows response surface graphs. y1 = y1(Vo, α, Vaf, β, a) at fixed values of factors  

Vo = 0.85 m·s
-1

; β = 283.5º; a = 10.5 mm. 

 
 

Fig. 5. Dependence of distribution of seeds of the 

heavy fraction on the descent rate Vo of the seeds 

and the air velocity Vaf, with fixed values of 
factors: α = 31º; β = 283.5º; a = 10.5 mm 

Fig. 6. Dependence of distribution of seeds 

of the heavy fraction upon the entry angle 

α of the seeds and the air velocity Vaf, with 
fixed values of factors: Vo = 0.85 m·s

-1
;  

β = 283.5º; a = 10.5 mm 

Fig. 9 shows graphs of the response surface y1 = y1(Vo, α, Vaf, β, a)  for fixed values of factors:  

α = 31º; β = 283.5º; a = 10.5 mm. 

 

Fig. 7. Dependence of distribution of seeds of the heavy fraction on the descent rate oV  of the 

seeds and the entry angle α of the seeds, with fixed values of factors:  
Vaf = x3 = 5.925 m·s

-1
; β = 283.5º; a = 10.5 mm 
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Similarly the regression model is constructed for the response y2 – the percentage of seeds of the 

medium fraction in the hopper for the medium fraction.  

The regression equation in this case has the following form: 

 

2 1 2 3

2 2

4 5 1 2

2 4 2 2

3 4 5

989.167 1717.766 4.805 80.718

0.0417 4.156 1033.008 0.0763

6.811 0.727 10 0.203 ,

у х х х

х x х х

х х х−

= − + + + +

+ + − − −

− − ⋅ ⋅ −

 (2) 

were factors xi, 5,1=i  mean the same parameters as in the previous case.  

The adequacy of the obtained regression model by Fisher’s criterion was also verified, and the 

significance of the coefficients of the variables in this model was tested by Student’s criterion. 

By the same methodology the optimal solution was found in this model, namely: x1 = 0.856;  

x2 = 31.466; x3 = 5.925; x4 = 286.700; x5 = 10.248. 

The maximum response value y2 (percentage of the medium fraction in the hopper for the medium 

fraction) is 88.341 %. Thus, at  

Vo = x1 = 0.856 m·s
-1

; α = x2 = 31.466º; Vaf = x3 = 5.925 m·s
-1

; β = x4 = 286.7º; a = x5 = 10.248 mm 

the percentage y2 of the seeds of the medium fraction in the hopper for the medium fraction will be 

maximum and equal to 88.341 %. Fig. 8 shows response surface graphs y2 = y2(Vo, α, Vaf, β, a) at fixed 

values of factors: Vaf = 5.925 m·s
-1

; β = 286.7º; a = 10.248 mm, but Fig. 9 – at fixed values of factors: 

Vo = 0.856 m·s
-1

; β = 286.7º; a = 10.248 mm. 

 

Fig. 8. Dependence of seed distribution of the 

medium fraction upon the descent rate Vo of 

the seeds and the entry angle α of the seeds, 
with fixed values of factors: Vaf = 5.925 m·s

-1
;  

β = 286.7º; a = 10.248 mm 

Fig. 9. Dependence of distribution of seeds of 

the medium fraction upon the air velocity 

Vaf and the entry angle α of the seeds, with 
fixed values of factors: Vo = 0.856 m·s

-1
;  

β = 286.7º; a = 10.248 mm 

Fig. 10 shows the graphs of the response surface y2 = y2(Vo, α, Vaf, β, a) at fixed values of factors  

α = 31.466º; β = 286.7º; a = 10.248 mm. As a result of statistical simulation on the PC the process of 

separating the sunflower seeds into fractions, three-dimensional graphs of the dependencies of the 

parameters of aspiration separation were constructed, which made it possible to determine the 

maximum values of the percentage of the selected seeds of the heavy fraction, which is 91.1 %. It was 

also established that the maximum percentage of the seeds of the medium fraction is 88.4 %. 

This is achieved with the following parameters of the vibratory aspiration separation process: the 

rate of the seed descent Vo from the surface of the conic distributor, equal to 0.85 m∙s
–1

, the entry angle 

α of the seeds into the space of the aspiration channel, equal to 31º, the air flow velocity Vaf, equal to 

5.90 m∙s
–1

, the rotation angle β of the aspiration channel, equal to 283.5º, and the height α of the sail 

element, equal to 10.5 mm. Consequently, the obtained design results and experimental investigations 

witness about good perspectives of this development, which improves the technological process of 

separation of grain mixtures. 
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Fig. 10. Dependence of distribution of seeds of the medium fraction upon the descent rate Vo 

of the seeds and the air velocity Vaf, with fixed values of factors:  
α = 31.466º; β = 286.7º; a = 10.248 mm 

Conclusions 

1. As a result of the experimental studies, it was established that the rational speed of the air flow 

should be in the range 4.5-5.5 m∙s
–1

. At this speed, the heavy sunflower seeds sufficiently change 

their path, so they will, by all means, fall into the hopper of the valuable fraction, while the light 

seeds, weighing up to 0.06 g, will fall into the hopper of the substandard fraction. If the air flow 

rate is within the range 3.5-4.05 m∙s
–1

, then the heavy seeds cannot get into the hopper of the 

valuable fraction. 

2. The most rational length of the aspiration channel is 0.8 m. It is this length of the aspiration 

channel, at which the heavy seeds (weighing more than 0.06 g) change their path by more than 

40 mm, and, therefore, will definitely fall into the hopper of the valuable fraction. 

3. The results of the experimental investigations show that the diameter of the aspiration channel 

should be equal to 200 mm. At such value of the diameter of the aspiration channel, the heavy 

sunflower seeds will not reach the side wall of the aspiration channel. As a result, there will be no 

impact contact of the seeds with the side wall of the aspiration channel, and, therefore, an 

undesirable change in the necessary path of the seeds. Increasing the diameter of the aspiration 

channel over 200 mm leads to an increase in the energy costs for creating the air flow. 

4. According to the results of statistical simulation of the investigated separation process of the 

sunflower seeds into the desired fractions, it was determined that the maximum percentage of the 

heavy fraction seeds, contained in the heavy fraction bin, is 91.1 %, the maximum percentage of 

medium fraction seeds, contained in the medium fraction bin, is 88.4 %, with the following 

parameters of the fibro-aspiration separation process being:  

• rate Vo of descent of the seeds from the surface of the distributor cone, equal to 0.85 m∙s
–1

;  

• angle α of entry of the seeds into the space of the aspiration channel, equal to 31º;  

• air velocity Vaf of the air flow, equal to 5.90 m∙s
–1

; 

• angle β of rotation of the aspiration channel, equal to 283.5º;  

• height a of the sailing element, equal to 10.5 mm. 

5. For the sunflower seeds of the “EU Bella” variety with a mass of 1000 grains, equal to 60 g, the 

recommended air flow rate should be 5 m∙s
–1

, the length of the used vertical aspiration channel 

must be 0.7 m, and, in addition, it is possible with 99.7 % probability to separate efficiently the 

sunflower seeds of the heavy fraction with high varietal purity and full guarantee that they will 

fall into the separator hopper with the parameters of 28 ± 4.2 mm (i.e. the inner diameter of the 

hopper intake is 23.8 mm and the outer diameter is 32.2 mm).  
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