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Abstract. Modern continuous drying equipment does not allow in one pass of the drying chamber to obtain seed 

grain of conditioned moisture from freshly released seeds of melon crops. To solve this problem, a high moisture 

melon crop seed dryer was designed, in which the principle of differential heat supply to forced mixed material 

was implemented. The design of the drying chamber provides for the supply of a heat carrier to the zone of pre-

dried seeds, which withstand a higher temperature, and then at a lower temperature to the zone with high moisture 

seeds that prevents them from cracking. Design and technological parameters and operating modes of the 

experimental dryer were experimentally investigated. Studies were carried out by means of a series of one-factor 

experiments in three stages: determining the productivity of the device for supplying seeds to the drying chamber, 

studying the transport ability of dryer elastic agitators, choosing a rational angle of inclination of the gas 

distribution sieve of the unloading device. The following parameters and consistent patterns are established: angle 

of inclination of gas distribution sieve of unloading device 14º; seed supply to drying chamber  

24-18  kg·h-1; revolutions per minute of elastic agitators, when the seeds are supplied to the drying chamber 

24 kg·h-1 – 4 min-1; when the seeds are supplied 22 kg·h-1 – 4.75 min-1; at 20 kg·h-1 – 6 min-1 and at 18 kg·h-1 – 

7 min-1; drying agent speed 5 m·s-1; specific energy intensity of pumpkin seed drying process was 1.27 kWh·kg-1 

with the dryer productivity 18 kg·h-1. The given research results make it possible to determine the rational rotation 

interval of the transporting working element, within which elastic agitators provide the required productivity and 

high quality of seed drying to conditioned moisture in one pass of the drying chamber against the direction of the 

drying agent movement. 
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Introduction 

Melon crop fruits are a dietary food for people of any age and are consumed both fresh and 

processed. Melons are a valuable source of a number of vitamins and trace elements, so they are widely 

used in the pharmaceutical and perfume industries [1-2]. Providing agricultural producers with a 

sufficient number of seeds with high grade and sowing qualities is an urgent task. Among the post-

harvesting operations of melons, drying seeds is the most difficult and responsible, since it determines 

the quality and shelf life of the sown material. The main features of the drying process of high moisture 

melon crop seed (HMMCS) include [2-6]: 

• high starting moisture, which makes it difficult for the heat transfer agent to flow through the 

seed layer; 

• during drying, the layer of seeds is coated with crust and deteriorates heat and mass exchange; 

• pre-dehydration of seeds is required before drying; 

• overheating of seeds leads to unacceptable shell cracking. 

Modern continuous drying equipment does not allow in one pass of the drying chamber to obtain 

seed grain of conditioned moisture from freshly released seeds of melon crops. To solve this problem, 

a dryer HMMCS was designed, in which the principle of differential heat supply to forced mixed 

material was implemented. [7]. The design of the drying chamber provides for the supply of the heat 

transfer agent to the zone of pre-dried seeds that withstand a higher temperature, and then at a lower 

temperature to the zone with high moisture seeds that prevents them from cracking. A general view of 

the experimental dryer is shown in Fig. 1. 

The operational efficiency of the proposed HMMCS dryer during convective drying is affected to 

varying degrees by a large number of factors that can be divided into the following groups: 

• seed characteristics: hygroscopic, physical-mechanical, aerodynamic properties of seeds, 

quality of seed washing; 

• characteristics of the drying agent: speed, temperature, enthalpy, moisture content; 

• characteristics of the design features of the drying chamber and the dryer as a whole: supply of seeds 

into the drying chamber, angle of inclination of the gas distribution sieve of the unloading unit, speed 

of rotation of the elastic agitators the drying chamber, number of dryer sections, perforation diameter 

of the gas distribution sieve, dimensions of the drying chamber, etc.  
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Fig. 1. General view of the experimental dryer: 1 – autotransformer LATR РНО-250-10;  

2 – device DT9207A; 3 – dryer remote controller; 4 – U-shaped pressure gauge; 5 – unit for 

monitoring and setting of specified drying agent temperature; 6 – personal computer; 7 – wet seed feed 

mechanism; 8 – melon seed dryer; 9 – measuring set K-505; 10 – unit of energy indicator removal 

The suggested Dryer HMMCS in which the principle of differential heat supply to forced mixed 

material was implemented is an innovative device, laboratory experimental studies of which were 

conducted in order to establish the regularities of the influence of the seed supply to the drying chamber, 

the angle of inclination of the gas distribution sieve of the unloading unit, the speed of rotation of the 

elastic agitators inside the drying chamber, the temperature conditions of drying on the efficiency of the 

dryer and the energy intensity of the process. 

The experimental device (Fig. 2) is a complex system that consists of the following subsystems: 

hopper with a mechanism for feeding wet seeds to the drying chamber, divided by height into sections, 

drying chamber with a gas distribution sieve, heat generator, mechanism for driving the elastic agitators 

and gas distribution sieves inside the sections of the drying chamber, unloading unit and storage of the 

seed material. 

 

Fig. 2. Functional diagram of the experimental dryer device 
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Materials and methods 

The experiments considered the mechanical-technological and aerodynamic properties of pumpkin 

seeds of the “Volzhskaya Seraya” variety, deseeded from the fruits according to the well-known method 

[8]. After deseeding, the seeds were washed by hand in running water, then their humidity was brought 

to 33%. The studies were conducted in the autumn period at an average air temperature of 15 ºС and a 

relative humidity of φ = 75%. 

Analysis of existing scientific information and one-factor experimental studies have shown that the 

temperature of the drying agent should be in the range of 38 to 50 ºС [3-6; 8], and the speed of the drying 

agent in the lower section of the drying chamber should be 5 m·s-1, which does not exceed seed soaring 

rates of seeds, when opening the unloading and loading window of the lower section of the drying 

chamber. 

Experimental studies were carried out through single factor experiments in three stages. 

Step 1. Determining the productivity of the device for supplying seeds to the drying chamber. The 

device for supplying seeds to the drying chamber is a four-bladed drum dispenser that feeds wet seeds 

to the first section of the dryer. The productivity of the dispenser was determined by the well-known 

formula (1) [8]. 

     = lzпFQ жб 60 ; kg·h-1,    (1) 

where Fж – cross-sectional area of a single gutter, m 2; 

 n – drum rotation speed, min-1; 

 l – length of the working part of the gutter, m; 

 z – number of gutter; 

 γ – bulk weight of the material, kg·m-3; 

 φ – fill factor (φ = 0.8-0.9). 

When studying the productivity of the seed feeding device in the drying chamber, four total volumes 

of the working troughs of the paddle dispenser were installed alternately: 1.4·10-3 m3, 1.2·10-3 m3,  

1·10-3 m3 and 0.8·10-3 m3. Pumpkin seeds were loaded into the storage hopper of the loading unit, then, 

including the drive of the dispenser, the seeds were fed into the storage container for one minute. After 

the end of the experiment, the weight of the seed material was determined by weighing. The speed of 

rotation the seed feeder drive was 1 min-1. The experiments were carried out in five-fold repetition for 

33% and 10% of the seed moisture content.  

Step 2. Choosing a rational angle of inclination of the gas distribution sieve of the unloading unit. 

Unloading of seed material in the proposed HMMCS dryer is carried out by means of an air flow created 

by a fan along an inclined gas distribution sieve, and this requires an experimental determination of the 

rational angle of inclination of the sieve, at which continuous unloading of seed material will occur. For 

this purpose, an experimental device was developed that simulates the real process of unloading seeds 

from an inclined gas distribution sieve. The device consists of a frame, air ducts, an inclined gas 

distribution sieve (drying chamber), fixed on one side pivotally, and on the other side to the mechanism 

for changing the angle of inclination, a seed loading unit, and a centrifugal fan. 

The following experiment was carried out on this device. The moisture-conditioned seeds (9.5%) 

were filled into the loading hopper, where the seeds were fed by a dispenser to an inclined gas 

distribution sieve equipped with a mechanism for changing the angle of its inclination. The seeds were 

discharged from the drying chamber via an inclined sieve into a storage container under the influence 

of the air flow, and then were weighed on a scale. If the weight of the seeds in the storage container 

corresponded to the weight of the seeds when loaded into the drying chamber, then the angle of 

inclination of the sieve was considered rational. The air flow velocity was 5 m·s-1. The seed supply to the 

drying chamber was 24 kg·h-1, which corresponded to the maximum productivity of the paddle dispenser at 

33% seed moisture. The volume of the gutters of the four-bladed dispenser was 1.4·10-3 m3. The duration of the 

experience was 60 seconds. The angle of inclination of the gas distribution sieve varied within 6-18º. 

Step 3. Studying the transport ability of elastic agitators of a dryer. The productivity of the dryer of 

the proposed design depends on the speed of rotation of the elastic agitators inside the sections of the 

drying chamber. Elastic agitators provide mixing and movement of seed material in the sections of the 
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dryer. In this regard, it is important to know the rational speed of rotation of the agitators, at which the 

seeds continuously moving will receive the required conditioned moisture of 10%. 

When conducting studies of the transport ability of the elastic agitators for each capacity of the seed 

feeding device in the drying chamber 24, 22, 20 и 18 kg·h-1 alternately, the rotation speed of the agitators 

was set in the range from 2.5 to 10 min-1. At the same time, the initial moisture content of the seeds was 

33%, the angle of inclination of the gas distribution sieve of the unloading unit was 14 º, the speed of 

the drying agent was 5 m·s-1. The duration of the experiment was chosen based on the search 

experiments and was 60 min. A three-fold repetition of the experiment was adopted that provided a 

relative error of the average value of less than 5%. 

Results and discussion 

The data obtained as a result of the experimental studies were processed by methods of 

mathematical statistics and presented graphically. The results of determining the productivity of the 

device for feeding seeds to the drying chamber at a certain humidity are presented in the form of 

graphical dependencies (Fig. 3, а) and calculated by the formula (1). The analysis of the graphical 

dependence showed that with an increase in the working volume of the gutters of the four-bladed 

dispenser, the productivity of the device for feeding seeds to the drying chamber increases. In addition, 

at a fixed value of one volume of the gutters of the paddle dispenser, with a decrease in seed moisture, 

the productivity of the feed device increases, and with an increase in seed moisture, the productivity of 

the dispenser decreases. This is due to the influence of seed adhesion.  

  

Fig. 3. Results of experimental studies: a – dependence of the productivity of the device for 

feeding seeds to the drying chamber on the volume of the working gutters of the dispenser at different 

seed moisture; b – dependence of the descent of seed material from the inclined gas distribution sieve 

of the drying chamber on the angle of its inclination to the horizon; 

− theoretical curve;  − experimental curve 

The results obtained in the experimental studies on finding the rational angle of inclination of the 

gas distribution sieve of the unloading unit are represented by a graphical dependence (Fig. 3, b). From 

the graph in Fig. 3, b at an angle of inclination of the gas distribution sieve of 14º, the best unloading of 

seed material from the inclined gas distribution sieve is achieved. This value of the angle of inclination 

is accepted in further studies as rational. 

The results of the study of the transport ability of the dryer elastic agitators with different seeds feed 

are presented graphically in Fig. 4. From figure 4, а, curve qкс it can be seen that, when seeds are fed 

into the drying chamber 24 kg·h-1 and the rotation speed is less than 4 min-1, the transport capacity of 

the elastic agitators decreases, which is explained by excessive overflow of the drying chamber. When 

the seeds are fed into the drying chamber 22, 20 and 18 kg·h-1 (Fig. 4, b, c, d) this effect is not observed. 

Based on this, we assume that the rational throughput of the drying chamber is provided at a speed of 

rotation of the agitators more than 4 min-1. To determine the specific values of the rotation speed of the 

elastic agitators with different seed feed into the drying chamber, a similar experiment was conducted, 

but with the use of the drying agent temperature of 50 ºС. In this experiment, moisture was measured at 

the exit of the seeds from the drying chamber. Based on the results of this experiment, the moisture curves 

W are plotted in Fig. 4. From the W curves in the graph (Fig. 4) it can be seen that with an increase in the speed 

of rotation of the elastic agitators more than 4 min-1, the required 10% conditioned moisture of the seeds at their 

exit from the drying chamber is not provided. 

a) b) 
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a) b) 

  
c) d) 

  

Fig. 4. Dependence of the drying chamber throughput on the rotation speed of the elastic 

agitators with different seeds feed into the drying chamber: а – 24 kg·h-1; b – 22 kg·h-1;  

c – 20 kg·h-1; d – 18 kg·h-1;  – dependence of the drying chamber productivity on the rotation speed 

of the elastic agitators;  – dependence of seed moisture on the drying chamber throughput capacity 

From the above, it can be concluded that the rational rotation speed of the elastic agitators at the 

maximum feed of seeds to the drying chamber with a 24 kg·h-1 is 4 min-1. At the same time, the effective 

transport capacity of the elastic agitators is ensured, and the required output moisture content of the 

seeds is achieved. As a result, a graph of the productivity of the HMMCS dryer is plotted, which connects the 

seed supply to the drying chamber and the rotation speed of the elastic agitators (Fig. 5).  

 

Fig. 5. Dependence of the productivity of the dryer, taking into account the supply of seeds to the 

drying chamber, on the speed of rotation of the elastic agitators: 

 − theoretical curve;  − experimental curve 

The resulting graph allows to choose a rational speed of rotation of the elastic agitators inside the 

drying chamber, which will provide the required transport capacity of the elastic agitators, with different 

productivity of the dryer and the supply of seed material to the drying chamber. The discrepancy 

between the results of the  previously conducted theoretical calculations [9] and the experimental studies 

of the productivity of the HMMCS dryer was in the range of 4-10%. The results of the study prove the 

effectiveness of the use of the HMMCS dryer, in which the principle of differential heat supply to forced 

mixed material was implemented, which allows for a single pass of the drying chamber to obtain seed 
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material of conditioned humidity from freshly deseeded melon seeds and confirm the advisability of its 

use for seed purposes. In the course of the experimental studies, it was revealed that an increase in the 

temperature of the drying agent more than 50 ºС leads to the maximum permissible heating of seeds, 

which reduces their sowing qualities, which is also confirmed by scientific studies of other authors 

[1; 3; 4]. The results of the research are the basis for the upcoming optimization studies and provide a 

basis for predicting a positive economic effect in the practical application of dryers of the proposed 

design. 

Conclusions 

1. The proposed design of the dryer HMMCS, in which the principle of differential heat supply to 

forced mixed material was implemented, allows for a single pass of the drying chamber against the 

direction of movement of the drying agent to obtain seed material of conditioned moister from 

freshly extracted melon seeds and confirms the advisability of its use for seed purposes. 

2. The following parameters and consistent patterns are established: angle of inclination of gas 

distribution sieve of unloading unit 14º; seed supply to the drying chamber 24-18 kg·h-1; revolutions 

per minute of elastic agitators when the seeds are supplied to the drying chamber 24 kg·h-1 –  

4 min-1, when the seeds are supplied 22 kg·h-1 – 4.75 min-1, at 20 kg·h-1 – 6 min-1 and at 18 kg·h-1 – 

7 min-1; drying agent speed 5 m·s-1. 

3. With the above design and technological parameters of the dryer, the specific energy consumption 

of the drying process of pumpkin seeds of the “Volzhskaya Seraya” variety was 1.27 kWh·kg-1 with 

a dryer productivity of18 kg·h-1. 

4. The obtained result is the basis for the upcoming optimization studies. 
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