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
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INMA
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✓ 
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✓ 

ICSITMUAMICM,ICMA

MAAICPMA MICM;

✓ 

INMAG.DICSITMUA, 

G.D  . G.D

✓ INMA
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

SCIENTIFIC PAPERS (INMATEH), ISSN 

1583 – 1019.  

INMATEH - , 

 (ISSN 2068 - 4215), (ISSN  2068 - 2239). 



CNCSISAGRICU

LTURAL ENGINEERING:  









INMATEH - 




 







 

 



Vol. 56, No.3 /2018  INMATEH –

 

 

Managing Editorial Board - INMA Bucharest
 

Editor in Chief 

VLADUŢ Nicolae-Valentin  

Ph.D.Eng, SR I 

E-mail:  inmatehjournal@gmail.com 

 
Executive Editor 

 

POPA Lucreţia 

Ph.D.Eng, SR I 

Assistant Editor 

 

MATACHE Mihai-Gabriel 

Ph.D.Eng, SR I 

Logistic support, database 

 

MURARU Virgil, Ph.D.Eng, SR I 

ŢICU Tania, techn. 

 

Scientific Secretary 

Cârdei Petre, math. 

Official translators 

RADU Daniela-Cristina, Prof. English, French 

 

Editorial Board 

▪ Acad. Prof. Ph.D. TABĂRA Valeriu - Romania, President of 
ASAS - Academy of Agricultural and Forestry Sciences 
"Gheorghe Ionescu Şişeşti"; 

▪ Ph.D. BOGOESCU Marian - Romania, Vicepresident of 
ASAS - Academy of Agricultural and Forestry Sciences 
"Gheorghe Ionescu Şişeşti"; 

▪ Hon.Prof.Ph.D.Eng. PIRNA Ion - Romania, President of the 
Department of Agricultural Mechanization of ASAS - 
Academy of Agricultural and Forestry Sciences "Gheorghe 
Ionescu Şişeşti"; 

▪ Ph.D. Eng. NICOLESCU C. Mihai - Romania, Scientific 
General Secretary of the ASAS-Academy of Agricultural 
and Forestry Sciences "Gheorghe Ionescu Şişeşti"; 

▪ Assoc.Prof. Ph.D. Eng. BELC Nastasia - Romania, IBA 
Bucharest; 

▪ Ph.D. Eng. BUŢU Alina - Romania, INSB Bucharest; 
▪ Prof. Ph.D. Eng. PARASCHIV Gigel - Romania, P.U. 

Bucharest; 
▪ Prof. Ph.D.Eng. BIRIŞ Sorin - Romania, P.U. Bucharest; 
▪ Prof. Ph.D. Eng. VLASE Sorin - Romania, “Transilvania” 

University Braşov; 
▪ Prof. Ph.D.Eng. BURNETE Nicolae - Romania, 

Technical University Cluj Napoca; 
▪ Prof. Ph.D. Eng. FILIP Nicolae - Romania, Technical 

University Cluj Napoca; 
▪ Prof. PhD. Eng. VOICU Gheorghe - Romania, P.U. Bucharest; 
▪ Prof. PhD. Eng. GERGEN Iosif -Romania,USAMVB 

Timişoara; 
▪ Prof. Ph.D. Eng. ŢENU Ioan - Romania, USAMV Iaşi; 
▪ Assoc.Prof.Ph.D.Eng. BUNGESCU Sorin - Romania, 

USAMVB Timişoara; 

▪ Prof. Ph.D.Eng. FENYVESI László - Hungary, Hungarian 
Institute of Agricultural Engineering Godolo; 

▪ Assist.Prof.Ph.D.Eng. BILANDZIJA Nikola - Croatia, 
University of Zagreb; 

▪ Ph.D. BIOCCA Marcello - Italy Agricultural Research 
Council, Agricultural Engineering Research Unit; 

▪ Prof.Ph.D.Eng. MIHAILOV Nikolay - Bulgaria, 
University of Rousse; 

▪ Assoc.Prof.Ph.D.Eng. ATANASOV At. - Bulgaria, 
University of Rousse; 

▪ Assoc.Prof. Ph.D. ERTEKIN Can - Turkey, Akdeniz 
University Antalia; 

▪ Prof. Ph.D.Sc. Eng. VARTUKAPTEINIS Kaspars - 
Latvia, Latvia University of Agriculture, Institute of 
Agricultural Machinery; 

▪ ir. HUYGHEBAERT Bruno - Belgium, Walloon 
Agricultural Research Center CRA-W; 

▪ Prof.Ph.D. Eng. FABBRO Dal Inacio Maria - Brazil, 
Campinas State University; 

▪ Prof. PhD. Eng. DE WRACHIEN Daniele - Italy, 
State University of Milan; 

▪ Prof. PhD.Guanxin YAO - P.R.China, Along 
Agriculture R&DTechnology and Management 
Consulting Co., Ltd; 

▪ Prof. PhD. Eng. GONZÁLEZ Omar - Republic of 
Cuba, Central University "Marta Abreu" de las Villas; 

▪ Assist. Prof.Dr. KABAŞ Önder –Turkey, Akdeniz 
University. 

▪ Asist.Prof.Dr. SELVİ Kemal Çağatay - Turkey, 
Ondokuz Mayıs University. 

 

In the present, INMATEH - Agricultural Engineering journal is indexed in the next international databases: 

ELSEVIER /SciVerse SCOPUS,  CLARIVATE ANALYTICS’ WEB OF SCIENCE- Emerging Sources Citation Index (ESCI),  

ULRICHS Web: Global Serials Directory, CABI, SCIPIO, Index COPERNICUS International, 

EBSCO Publishing, Elektronische Zeitschriftenbibliothek 

 INMATEH - Agricultural Engineering 

vol. 56, no.3 / 2018 
NATIONAL INSTITUTE OF RESEARCH-DEVELOPMENT FOR MACHINES AND 

INSTALLATIONS DESIGNED TO AGRICULTURE AND FOOD INDUSTRY - 
INMA Bucharest 

6 Ion Ionescu de la Brad Blvd., sector 1, Bucharest 
 

Three issues per year, 
   e-ISSN: 2068 – 2239 
   p ISSN: 2068 – 4215 
 

Edited by: INMA Bucharest 

Copyright: INMA Bucharest / Romania 

 

mailto:inmatehjournal@gmail.com
http://www.info.sciverse.com/scopus


 

 

 



Vol. 56, No. 3 /2018  INMATEH –
 

5 

 

CONTENT 
Page(s) 

1.  EXPERIMENTAL RESEARCH ON THE MOVEMENT STABILITY OF A PLOUGHING AGGREGATE, 

COMPOSED ACCORDING TO THE “PUSH-PULL” SCHEME / PĒC «PUSH-PULL» SHĒMAS 

KOMPLEKTĒTA ARŠANAS AGREGĀTA KUSTĪBAS STABILITĀTES EKSPERIMENTĀLS PĒTĪJUMS 

PhD. Ivanovs S.1), Prof.PhD. Bulgakov V.2), Prof.PhD. Adamchuk V.3), 

Prof.PhD. Kyurchev V.4), Prof.PhD. Kuvachоv V.4) 
1)Latvia University of Agriculture / Latvia; 2)National University of Life and Environmental Sciences of Ukraine / Ukraine; 

3)National Scientific Centre “Institute for Agricultural Engineering and Electrification” / Ukraine; 
4)Tavria State Agrotechnological University / Ukraine 

9 

2.  RESEARCH ON THE VIBRATION OF MINI TILLER / 

微耕机的振动研究 

Ph.D. Eng. Liang X.C. *), Prof. Ph.D. Chen J., Ms.Stud. Eng. Wang Z. 

Southwest University, College of Engineering and Technology, Chongqing Key Laboratory  

of Agricultural Equipment for Hilly and Mountainous Regions / P. R. China 

17 

3.  ANALYSIS OF THE WORKS PERFORMED BY PNEUMATIC AND MECHANICAL SEEDING DEVICE 

WITHOUT USING VACUUM / АНАЛІЗ РОБОТИ ПНЕВМОМЕХАНІЧНОГО ВИСІВНОГО АПАРАТА БЕЗ 

ВИКОРИСТАННЯ ВАКУУМУ 

Lect. Ph.D. Eng. Vasylkovska K.V., Lect. Ph.D. Eng. Vasylkovskyi O.M., 

Prof. Ph.D. Eng. Sviren M.O., Lect. Ph.D. Agric. Kulik G.A. 

Central Ukrainian National Technical University / Ukraine 

25 

4.  PRODUCTION TESTS OF A SEED DRILL CPH 2000 FOR DIRECT SOWING / 
ESSAIS AU CHAMP D’UN SEMOIR CPH 2000 POUR LE SEMIS DIRECT 

Warouma Arifa*1), Haidenko Oleh2) 

1)Dan Dicko Dan Koulodo University of Maradi, Niger Republic 
2) Institute of Steppe Agriculture of the National Academy of Agrarian Sciences of Ukraine 

31 

5.  RESEARCH ON THE RATIONAL REGIMES OF WHEAT SEEDS DRYING / 

ДОСЛІДЖЕННЯ РАЦІОНАЛЬНИХ РЕЖИМІВ СУШІННЯ НАСІННЯ ПШЕНИЦІ 

Assoc. Prof.Ph.D.Eng. Paziuk V.M.1), Assoc. Prof. Ph.D. Eng. Liubin M.V. 2), Assoc. Prof. Ph.D. Eng. Yaropud V.M. 2), 

Assoc. Prof. Ph.D. Eng. Tokarchuk O.A. 2), Assoc. Prof. Ph.D. Eng. Tokarchuk D.M. 2) 
1)Institute of technical thermal physics NAS of Ukraine 

2)Vinnitsa National Agrarian University / Ukraine 

39 

6.  AN ANALYSIS OF EIGHT TILLAGE METHODS IN A SILTY-CLAY SOIL: PROPOSAL FOR FLEXIBLE 
TILLAGE CYCLES / ANALISI DI OTTO METODI DI LAVORAZIONE DI TERRENI LIMO-ARGILLOSI: 

PROPOSTA DI CICLI FLESSIBILI DI LAVORAZIONE 
Fanigliulo R., Biocca M., Pochi D. 

Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria (CREA),  
Centro di ricerca Ingegneria e Trasformazioni agroalimentari (Research Centre for Engineering and  

Agro-Food Processing), Monterotondo (Rome), Italy 

49 

7.  TECHNIQUE FOR CALCULATING THE RESULTANT FORCE AND MOMENT OF SOIL RESISTANCE TO 

CUTTING BY BLADE OF ROTARY TILLAGE TOOL / 

МЕТОДИКА РАСЧЕТА РЕЗУЛЬТИРУЮЩЕЙ СИЛЫ И МОМЕНТА СОПРОТИВЛЕНИЯ ПОЧВЫ 

РЕЗАНИЮ ЛЕЗВИЕМ ЛОПАСТНОГО РОТАЦИОННОГО РАБОЧЕГО ОРГАНА 

Prof. PhD. Eng. Sc. Akimov A.P.*), Asst. Prof. PhD. Eng. Sc. Konstantinov Y.V.,  

Asst. Prof. PhD. Stepanov A.V. 

Chuvash State Agricultural Academy / Russia  

59 

8.  NUMERIC MODEL OF THE GRAIN MIXTURE FLOW IN A CYLINDRICAL SIEVE WHICH 

REVOLVES AROUND THE INCLINED AXIS / 

ДОСЛІДЖЕННЯ РУХУ ЗЕРНОВОЇ СУМІШІ В ЦИЛІНДРИЧНОМУ РЕШЕТІ, ЩО 

ОБЕРТАЄТЬСЯ НАВКОЛО НАХИЛЕНОЇ ОСІ 

Lect. Ph.D.Eng. Naumenko М., Lect. Ph.D.Eng. Sokol S., Lect. Ph.D. Eng. Filipenko D., 

Lect. Ph.D. Eng.Guridova V., Prof. Ph.D. Agri.Sci. Kharytonov M. 

Dnipro State Agrarian and Economics University, Faculty of Agrarian Engineering / Ukraine 

67 

9.  RESEARCHES ON THE MONITORING OF AIR PRESSURE IN THE TIRES  

AT ROAD TRANSPORT MEANS / 

CERCETARI PRIVIND MONITORIZAREA PRESIUNII AERULUI DIN PNEURI  

LA MIJLOACELE DE TRANSPORT RUTIERE 
Ph.D. Eng. Ciupercă R., Ph.D. Stud. Eng. Persu C., Ph.D. Eng. Nedelcu A.,  

Ph.D. Eng. Popa L., Ph.D. Stud. Eng. Zaica A., Ph.D. Stud. Eng. Ştefan V. 

National Institute of Research-Development for Machines and Installations designed to 

Agriculture and Food Industry – INMA, Bucharest / Romania 

75 



Vol. 56, No. 3 /2018  INMATEH –

 

6 
 

 

Page(s) 

10.  RESEARCHES REGARDING THE OPTIMIZATION OF IMPURITIES REMOVAL TECHNOLOGY FROM 

THE CEREAL AND INDUSTRIAL PLANT SEEDS FOR ESTABLISHING ECOLOGICAL CROPS / 

CERCETĂRI PRIVIND OPTIMIZAREA TEHNOLOGIEI DE ELIMINARE A IMPURITĂȚILOR DIN MASA DE 

SEMINȚE DE CEREALE ŞI PLANTE TEHNICE DESTINATE ÎNFIINȚĂRII CULTURILOR ECOLOGICE 

Ph.D. Eng. Păun A. 1), Eng. Stroescu Gh. 1), Ph.D. Eng. Vişan A.L. 1),  

Ph.D. Eng. Olan M. 1), Ph.D. Stud. Eng. Zaica Alexandru 1), Lect.Ph.D.Eng. Moiceanu G.2) 

1) National Institute of Research-Development for Machines and Installations designed to 

Agriculture and Food Industry – INMA, Bucharest / Romania; 
2) Politehnica University of Bucharest / Romania 

83 

11.  RESEARCH OF YELLOW-FEATHER CHICKEN BREEDING MODEL BASED ON SMALL CHICKEN 

CHAMBER / 基于小型鸡舍的黄羽鸡精细化养殖模式研究 

MAE. Stud. Heyang Yao 1), Ms. Qiyue Sun 1), Assoc. Prof. Ph.D. Xiuguo Zou *1), MEE. Stud. Siyu Wang 2), Senior 

Exper. Shixiu Zhang 1), MAE. Stud. Shikai Zhang 1), Ms. Shuyue Zhang 1)  
1) College of Engineering, Nanjing Agricultural University / China; 

2) School of environmental science and Engineering, Nanjing University of Information Science and Technology / China 

91 

12.  RESEARCH ON TEMPERATURE PREPARATION OF DIESEL BIOFUEL  

IN AN ENERGY VEHICLE FUEL TANK / ДОСЛІДЖЕННЯ ТЕМПЕРАТУРНОЇ ПІДГОТОВКИ 

ДИЗЕЛЬНОГО БІОПАЛИВА В ПАЛИВНОМУ БАКУ ЕНЕРГОЗАСОБУ 

Prof.D.Sc. Golub G.A.1), Ph.D. Eng. Chuba V.V. 1), Ph.D. Eng. Kepko O.I*2) 

1)National University of Life and Environmental Sciences of Ukraine, Kyiv / Ukraine; 
2) Uman National University of Horticulture, Uman / Ukraine 

10

1 

13.  NUMERICAL ANALYSES OF AIR VELOCITY AND TEMPERATURE DISTRIBUTION IN POULTRY HOUSE 
USING COMPUTATIONAL FLUID DYNAMICS  

 آنالیز عددی توزیع سرعت و دما در مرغداری با استفاده از دینامیک سیالات محاسباتی
Ph.D. Stud. Eng. Pourvosoghi N1), Assoc.Prof. Ph.D. Eng. Nikbakht A.M.*1),  

Assoc.Prof. Ph.D. Eng. Sharifian F.1), Assist.Prof. Ph.D. Eng. Najafi R 2) 

1)Department of Mechanical Engineering of Biosystems, Urmia University / Iran 
2)Department ofAnimal Science, Urmia University / Iran 

10

9 

14.  RESEARCH ON SUNFLOWER SEEDS SEPARATION BY AIRFLOW / ДОСЛІДЖЕННЯ  ПРОЦЕСУ 

СЕПАРАЦІЇ НАСІННЯ СОНЯШНИКУ ПІД ДІЄЮ ПОВІТРЯНОГО ПОТОКУ 

Ph.D. Aliev E.B. 1), Ph.D. Yaropud V.M.2), Ph.D. Dudin V.Yr. 3),  

Ph.D. Pryshliak V.M.2), Ph.D. Pryshliak N.V.2), Ph.D. Ivlev V. V. 3) 

1)Institute of Oilseed Crops NAAS, Zaporizhzhia / Ukraine,  
2)Vinnitsa National Agrarian University / Ukraine 3) Dnipro State Agrarian and Economic University / Ukraine 

11

9 

15.  DESIGN OF SHAPED-HOLE VOLUME-VARIABLE PRECISION SEEDER / 变容量型孔轮式排种器设计  

Lect. Ph.D. Jiaxin Zheng1), M.S. Yanyu Gao1), Lect. Ph.D. Hongfang Yuan2), Lect. Ph.D. Rong Chen*1)  

1) School of Mechanical and Electrical Engineering, Yunnan Agricultural University, Kunming /China; 
2) Key Laboratory of Bionics Engineering, Ministry of Education, Jilin University, Changchun / China 

12

9 

16.  RESEARCH AND DEVELOPMENT OF AIR-SUCTION CORN PRECISION SEED METERING DEVICE / 

气吸式精量玉米播种器的研究与开发 

Prof. Ph.D. Eng. Lv Xiaorong*1), Prof. Ph.D. Eng. Zhang Lihua1), Ph.D. Eng. Lv Xiaolian2), 

M.A. Stud. Eng. Tian Zhiwei1) 

1) Sichuan Agricultural University, College of Machinery & Electronics / China; 
2) Chuzhou University, College of Machinery & Automotive Engineering / China 

13

7 

17.  DESIGN AND EXPERIMENTAL STUDY OF THE FINGER-TYPE LIFTER TEST BENCH FOR Cerasus 

humilis BRANCHES / 拨指式钙果扶禾试验台的设计与试验 

As. M.S. Stud. Eng. Yongqiang He, Prof. Ph.D. Eng. Junlin He
＊), Ph.D. Stud. Eng. Xiaobin Du,  

M.S. Stud. Eng. Dawei Fang  

College of Engineering, Shanxi Agriculture University, Taigu / China 

14

7 

18.  DESIGN AND TEST ON CONTROL SYSTEM OF AUTOMATIC SEEDLING FEEDING MECHANISM FOR 

TRANSPLANTING MACHINE / 移栽机自动送苗机构控制系统设计和试验 

As. Ph.D. Stud. Eng. Yong Zhang1,2), A/Prof. Ph.D. Eng. KaiXing Zhang*1), M.S. Stud. Eng. Chao Song1),  

Prof. Ph.D. Eng. XianXi Liu.1), Prof. Ph.D. Eng. ZhengHe Song3) 

1) College of Mechanical and Electrical Engineering, Shandong Agricultural University, Taian / China; 
2) School of Information And Electronic Engineering, Shandong Technology and Business University, Yantai / China;  

3) College of Engineering, China Agricultural University, Beijing / China 

155 

19.  THE EFFECT OF POTATOES’ COMPRESSIVE MECHANICAL PROPERTIES UNDER DIFFERENT 

MOISTURE CONTENTS: AN EXPERIMENTAL STUDY / 

不同含水率下马铃薯压缩力学特性影响的试验研究 

Ph.D. Yu Fan1,2), A. Prof. Ph.D. Ping Zhao*1), Prof. Ph.D. Lichun Qiu1), M.S. Jizhe Zhao1) 

1) Agricultural University of Shenyang, Shenyang 110886, China 
2) Heilongjiang Agricultural Economy Vocational College, Mudanjiang / China 

165 



Vol. 56, No. 3 /2018  INMATEH –

 

7 
 

 

Page(s) 

20.  THE INFLUENCE OF BULK MATERIAL FLOW ON TECHNICAL AND ECONOMICAL PERFORMANCE OF 

A SCREW CONVEYOR / ВПЛИВ ПОТОКУ СИПКОГО МАТЕРІАЛУ НА ТЕХНІКО-ЕКОНОМІЧНІ 

ПОКАЗНИКИ РОБОТИ ГВИНТВОГО КОНВЕЄРА 

Prof. Ph.D. Eng. Hevko R.B.1), Prof. Ph.D. Eng. Baranovsky V.M.2), Prof. Ph.D. Eng. Lyashuk O.L.,2)  

Prof. Ph.D. Eng. Pohrishchuk B.V.1) Assoc. Prof. Ph.D. Eng. Gumeniuk Y.P.1) Assoc. Ph.D. Eng. Klendii O.M,3) 

Assoc. Ph.D. Eng. Dobizha N.V.1) 
1)Ternopil National Economical University / Ukraine; 2)Ternopil Ivan Puluj National Technical University 

3)Separated Subdivision of National University of Life and Environmental Sciences of Ukraine,  

Berezhany Agrotechnical Institute / Ukraine  

175 

21.  THE NUMERICAL SIMULATION OF HYDRODYNAMICS AND MASS TRANSFER PROCESSES FOR 

VENTILATING SYSTEM EFFECTIVE LOCATION /  

ЧИСЕЛЬНЕ ДОСЛІДЖЕННЯ ГІДРОДИНАМІКИ І ТЕПЛОПЕРЕНОСУ У ПТАШНИКУ ДЛЯ 

ЕФЕКТИВНОГО РОЗМІЩЕННЯ ВЕНТИЛЯЦІЙНОГО ОБЛАДНАННЯ 

Prof. Ph.D. Eng. Gorobets V.G.1), Senior lecturer Ph.D. Eng. Trokhaniak V.I.1),  

Assoc. Prof. Ph.D. Eng. Rogovskii I.L.1), Senior lecturer Ph.D. Eng. Titova L.L.1), 

Senior lecturer Ph.D. Eng. Lendiel T.I.1), Assoc. Prof. Ph.D. Eng. Dudnyk A.O.1), PhD student Masiuk M.Yu.1) 
1) National University of Life and Environmental Sciences of Ukraine / Ukraine 

185 

22.  STUDY ON NDVI OPTIMIZATION OF CORN VARIABLE FERTILIZER APPLICATOR / 

变量施肥机 NDVI 的优化研究 

Ph.D. Hongli Liu1), Prof. Xi Wang*1), M.S. Jin Bing-kun2) 
1) College of Engineering, Heilongjiang Bayi Agricultural University, Daqing/China; 

2) Western University, 1151 Richmond Street, London, Ontario / Canada 

193 

23.  EFFECT OF PRE-SOAKING AND GRAIN SHAPE ON COOKING ENERGY  

OF PARBOILED AND RAW RICE / 

  
K. G. Gunasekara 1), D. A. N. Dharmasena 2) and F. H. C. A. Silva *2) 

1) Postgraduate Institute of Agriculture, University of Peradeniya, Peradeniya, Sri Lanka 
2) Department of Agricultural Engineering, Faculty of Agriculture, University of Peradeniya, Sri Lanka 

203 

24.  DETECTION AND CLASSIFICATION OF BRUISES IN “RED DELICIOUS” APPLE FRUITS BY APPLYING 

PIEZOELECTRIC TRANSDUCERS I 

 بندی کوفتگی سیب "رد دلیشز" با استفاده از ترانسدیوسرهای پیزوالکتریکتشخیص و طبقه

Ph.D. Stud. Mehrdad Foj Laley1), Assoc. Prof. Parviz Ahmadi Moghadam*1), As Prof. Ali Hasanpour1),  
As prof. Vahid Rostampour1) 

1) Department of Mechanical Engineering of Biosystems, Urmia University, Urmia / Iran 

211 

 

 

 

 

 



Vol. 56, No. 3 /2018  INMATEH –
 

119 

 

RESEARCH ON SUNFLOWER SEEDS SEPARATION BY AIRFLOW 

/ 
ДОСЛІДЖЕННЯ ПРОЦЕСУ СЕПАРАЦІЇ НАСІННЯ СОНЯШНИКУ ПІД ДІЄЮ 

ПОВІТРЯНОГО ПОТОКУ 

 
Ph.D. Aliev E.B. 1), Ph.D. Yaropud V.M.2), Ph.D. Dudin V.Yr. 3),  

Ph.D. Pryshliak V.M.2), Ph.D. Pryshliak N.V.2), Ph.D. Ivlev V. V. 3) 

1)Institute of Oilseed Crops NAAS, Zaporizhzhia / Ukraine,  
2)Vinnitsa National Agrarian University / Ukraine, 3) Dnipro State Agrarian and Economic University / Ukraine 

Tel: +380688614437; E-mail: aliev@meta.ua 

 
Keywords: seeds, sunflower, separation, air, flow, modeling 

 
 

ABSTRACT  

 Investigation of the process of sunflower seeds separation during its movement under the influence of 

air flow has been carried out in two stages. The first (theoretical) stage is implemented in the software 

package STAR-CCM+ using the corresponding physical models. The second stage has been made to carry 

out the experimental research on the installation with the base of the aerodynamic separator of the "Almaz" 

series. The results of numerical simulation and experimental researches of the sunflower seed separation 

process during its movement in the airflow are presented. As a result of numerical simulation and 

experimental studies of the mechanical and technological process of sunflower seeds separation during 

movement under the influence of air flow, there has been developed the dependences of the distribution of 

each seed fraction on the length of the area (average value, average square deviation, filling factor, 

distribution coefficient) and the consumed power from the seed effective diameter, air flow velocity and the 

seed supply. Statistical analysis has showed that the correlation coefficient between the theoretical and 

experimental dependencies in the variation of the factors’ values in the given range is 0.96. During the 

research, a compromising problem was solved, namely, there had been reached minimization of consumed 

power at the maximum value of the distribution coefficient and the seed supply. 

 

РЕЗЮМЕ 

 Дослідження процесу сепарації насіння соняшнику при його переміщенні під дією повітряного 

потоку проводились в два етапи. Перший (теоретичний) етап реалізовано в програмному пакеті 

STAR-CCM+ з використанням відповідних фізичних моделей. Другим етапом було проведення 

експериментальних досліджень на установці із базою аеродинамічного сепаратора серії «Алмаз». 

Представлені результати чисельного моделювання і експериментальних досліджень процесу 

сепарації насіння соняшнику при його переміщенні під дією повітряного потоку. В результаті 

чисельного моделювання і експериментальних досліджень механіко-технологічного процесу 

сепарації насіння соняшнику при його переміщенні під дією повітряного потоку отримані 

залежності розподілу кожної фракції насіння по довжині області (середнє значення, 

середньоквадратичне відхилення, коефіцієнт заповнення, коефіцієнт розподілу) і споживану 

потужність від ефективного діаметра насінини, швидкості подачі повітря та подачі насіння. 
Статистичний аналіз показав, що коефіцієнт кореляції між теоретичною і експериментальною 

залежностями при варіюванні значеннями факторів в заданому діапазоні складає 0,96. В процесі 

досліджень була вирішена компромісна задача, а саме мінімізація споживаємої потужності при 

максимальному значенні коефіцієнта розподілу і подачі насіння. 

 

INTRODUCTION 

 The unsatisfactory quality of sunflower seeds results in a significant reduction in agricultural 

productivity and a high over expending of seed material (Zaika P., 2006). According to the current standards, 

oilseed crop varieties and crop yields are determined mainly by their varietal purity, which should equal 99.6-

99.9% for the elite seed (elite, superelite) - depending on the crop (Aliev E., 2016). 

 The task of separating sunflower seeds by density (specific weight, texture) is reduced to its previous 

calibration by geometric dimensions (Tishchenko L., Olshansky V., Olshansky S., 2010). In other words, 

there are two variables: sailing and density. It is obvious that at the seed with same density and smaller 

mass flies further under the air flow influence, than seeds of greater mass that fly shorter distances.  
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In addition, depending on the orientation of the seed to the vector of the air flow velocity, the sailing range 

appears, which leads to a random trajectory of the movement of seeds (Nurullin E., Salakhov I., Dmitriev A., 

2014). Of course, within the long-term airflow impact, the seed will take the best aerodynamic position in 

which the lowest resistance is observed (Aliev E., Shevchenko I., 2017). 

 In addition to the above, the air flow must have a uniform structure, in terms of the turbulence 

parameters (scale and intensity), and on the speed diagram (Aliev E., Yaropud V., 2017). 

 Considering all the difficulties of the task, the process of sunflower seeds separation during their 

movement under the air flow influence must be theoretically and experimentally explored. 

  
MATERIALS AND METHODS 

 Investigation of the process of sunflower seeds separation during their movement under the influence 

of air flow has been carried out in two stages. 

 The first (theoretical) stage is implemented in the software package STAR-CCM+ using the 

corresponding physical models. The initial positions and velocities of sunflower seeds and the air flow have 

been determined using the finite element method. Then, based on this initial data, given physical laws of 

contact interaction, the forces acting on each seed at each interval of time have been calculated. For each 

seed, the resulting force has been calculated and the Cauchy problem has also been solved on the selected 

time interval, the result of which is the initial data for the next step. The following physical models have been 

selected for numerical modeling: k-ɛ disturbed flow turbulence model, gravity field, Van der Waals real gas 

model, discrete element model, multiphase interaction model (Aliev E., Bandura V., Pryshliak V., Yaropud V., 

Trukhanska O., 2018). The method of discrete elements is based on the laws of conservation of impulse and 

impulse momentum for Lagrangian models of a multiphase environment. However, to construct a physico-

mathematical model, one must assume that the seeds are represented in the form of identical ellipsoids with 

a defined density and effective diameter. 
 According to previous researches of physical and mechanical properties of Prometheus variety 

sunflower seeds, selected by the Institute of Oilseeds of NAAS, (Burenko K., Vedmedeva E., Pershin A., 

2012; Aliev E., Shevchenko I., 2017; Aliev E., Yaropud V., 2017) the following averaged values were 

adopted for numerical modeling: Poisson's coefficient – 0.5; Young's modulus – 0.2 MPa; density – 200-

1000 kg/m3; coefficient of friction of rest – 0.8; normal recovery factor – 0.5; tangential recovery factor – 0.5; 

coefficient of rolling resistance – 0.3. Properties of the environment have been fixed as follows: environment 

– air; dynamic viscosity – 1.85508·10-5 Pa·s; Prandtl's turbulent number – 0.9; free fall acceleration – 

9.8 m/s2; temperature – 293 K; pressure – 101325 Pa. The size of the grid cell modeling is 0.001 m. The 

exposure is from 3 to 7 s. 

 For the implementation of numerical simulation, a computational scheme of sunflower seed separation 

process has been made when it was moved under the air flow influence (Fig. 1). 

 For the factors of numerical modeling, the following most important technological parameters have 

been adopted: seed effective diameter Dp, air supply rate V, seeding Q. 

 The effective diameter of sunflower seed Dp was determined by the formula 

3
zyxp lllD =                     (1) 

where: lx, ly, lz – length, width and thickness of sunflower seed, respectively, mm. 

 According to researches (Vedmedeva K., Makhova T., Kirpichova N., 2017), the geometric dimensions 

of sunflower seed are lx = 8-15 mm, ly = 3-8 mm, lz = 2-4 mm, so it can be stated, that the effective diameter 

of sunflower seeds Dp varies in the range of 3-7 mm. Due to the fact that the seeds can be integral, partial 

and empty, then, according to researches (Vedmedeva K., Makhova T., Karpychova N., 2017), their density 

can vary in the range of 200-1000 kg/m3. Therefore, the seed flow has been represented by 5 fractions, the 

weight of 1000 seeds of each being presented in Table 1. 

Table 1  

Weight of 1000 seeds for a determined effective diameter m1000, g 

Effective diameter of seed 

Dp, mm 

Seeds density ρ, kg/m3 

200 400 600 800 1000 

3 3 6 9 12 15 

5 13 26 39 52 65 

7 36 72 108 144 180 
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Fig. 1 – Scheme of numerical simulation of the sunflower seed separation process during its movement  

under the air flow influence 

 

 

 Numerical simulation has been conducted on a complete factorial study with a total number of 

experiments – 33 = 27. The numerical modeling factors variation boundaries are presented in Table 2 based 

on the previous studies (Aliev E., 2017). 

 

Table 2 

Factors variations levels in numerical simulation of the seeds movement in the air flow 

Factors variations level 

Factors 

Seeds’ effective 

diameter Dp, mm 

Seeds supply 

Q, kg/s 

Air flow velocity 

V, m/s 

Top level (+) 7 0.09 25 

Base level (0) 5 0.06 20 

Low level (–) 3 0.03 15 

Factors variations interval 2 0.03 5 

  

 As a result of the seeds separation under the air flow influence, the distribution of each fraction along 

the length of the area can be represented by a normal distribution with a defined value and a value deviation 

σ (fig. 2). For a normal distribution in the area, a probability of 95.45 % is observed. 

 

 According to fig. 2, the best separation (95.45 %) is achieved with the condition: 

( ) 1554321 222222 xx −++++              (2) 

or 

( )
max

222222 54321

15
→

++++

−
=




xx
     (3) 

where: θ – filling factor. 

  

 It should be noted that the entire area has been divided into 20 identical vertical zones, each of which 

determines the amount of seeds in each fraction.  
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Fig. 2 – Functions of normal distribution of each fraction by area length 

  

 The fill factor θ, mentioned before, means values of the fractions distributions in length and their 

square deviations σ characterize the size and location of the gathering areas (samplings). However, in 

existing aerodynamic separators, preservatives of the same size are used, which complicates the 

assessment of the separation process quality. Therefore, another criterion for the quality of fractions 

distribution in the receptacles is introduced – the distribution coefficient δ, which is defined as follows. Let the 

input material be divided into N fractions, then the number of gatherable areas should be N. For each fringe 

area, the fractional composition of the seed mixture is determined, which can be mathematically represented 

in the form of a square matrix NᵡN: 
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where: wij – mass fraction of fraction i in the collection j: 
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mij is the mass of fraction i in the collection j. 

 

 The distribution coefficient δ is defined as the largest sum of the diagonal elements of the matrix (4): 
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where: k is a natural number. 

 The second stage has been made to carry out the experimental research on the installation with the 

base of the aerodynamic separator of the "Almaz" series (produced by the PE PF "Agrotech"), consisting of a 

bunker 1 for loading seed material to be separated from a vibroplate 2, generator of air jet cascades 3, which 

is installed below it and connected to the pressures air flow source 4 into generator 3 and separation 

chamber 5. Under the separation chamber 5 are the collections of fractions 6 (I-IV). A collection of dust and 

light fraction 7 (V) was mounted at the end of the separation chamber 5. The design and technological 

scheme and the general view of the experimental installation are presented in Fig. 3. To ensure a certain 

supply of seeds, a calibrated valve 8 is used to limit input performance. The specified air supply is set using 

the 9 (Danfoss VLT Micro Drive) frequency converter, and controlled using the anemometer 10 (Benetech 

GM-816). 
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 The source material during the experimental researches was represented by sunflower seeds of the 

Prometheus variety, selection of the Institute of Oilseed Crops NAAS, which were calibrated to a fraction of 

3.2-3.4 mm. One experiment was conducted by passing through a pilot sample of a supply unit of 100 kg of 

seeds.  

 Factors for experimental studies are the air supply rate V and the supply of seed Q. The intervals and 

levels of variation by these factors coincide with the theoretical ones (Table 1). 

 As optimization criteria were adopted: power consumption – P, kW and distribution coefficient – δ. The 

power consumed by the fan drive is measured using one of the additional functions of the Danfoss VLT 

Micro Drive frequency converter. Since the task of separating sunflower seeds during its movement under 

the influence of air flow is the division into 5 fractions (integral, partial, naked core, empty and dust), then at 

the experimental installation exposed 5 fence regions. For each experiment, for each fringe area, fraction 

composition is determined according to the generally accepted methodology (GOST 10854-88, 2010) and 

the corresponding distribution coefficient δ is calculated according to the formula (6). 

 Experimental studies have been conducted on the D-optimal second-order Boxing-Benkin plan for 2 

factors (9 trials) in a three-time repetition. The processing of the research results has been carried out by the 

mathematical factor planning of experiments method, using the Mathematica software package. The 

mathematical model is determined by one optimization criterion. 

 
a 

 
b 

Fig. 3 – Structural-technological scheme (a) and general view (b) of an experimental plant for studying the 

process of sunflower seeds separation when they are displaced by airflow 

1 – bunker; 2 – vibroplate; 3 – air jets oscillator; 4 – fan; 5 – separation chamber; 6 – collections of fractions;  

7 – dust collector and light fraction; 8 – valve; 9 – frequency converter 10 – anemometer 

 

RESULTS 

 According to the first stage, as a result of numerical simulation, a visualization of the technological 

process of sunflower seeds separation was obtained when they were displaced under the influence of air 

flow (fig. 4). 

 The average value and the average square deviation σ have been calculated for each experiment, for 

each fraction of seeds accordingly. According to the data obtained by formula (3), the filling factor θ is 

calculated. Using Mathematica software package, a mathematical expression is compiled in a skilled form 

after the reduction of non-significant parts of the equation according to Student's criterion, which links the 

coefficient of filling θ with the research factors: 

θ = 0.658343 – 0.065448 Dp – 0.00711689 Dp
2 – 4.31791 Q + 0.00181584 V + 

+ 0.00683085 DpV + 0.159939 QV – 0.00138784 V2   (7) 

 The graphical interpretation of the dependence (7) is shown in Fig. 5. The optimum parameters of 

equation (7) under the condition of the maximum filling factor θ are Dp = 3 mm, Q = 0.03 kg/s, V = 15 m/s. As 

it can be seen from Fig. 5: with the increase of the seed diameter Dp, the fill factor θ decreases by parabola; 

with an increase in the seeds supply Q, the fill factor θ decreases linearly; and for the air flow velocity V = 15 

m/s, the optimal value of the fill factor θ is present. 
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Fig. 4 – Distribution of seed fractions with effective diameter Dp = 5 mm along the length  

of the area formed by the air flow influence 

  

 
  

Fig. 5 – The dependence of the filling factor θ on the effective diameter of the seed Dp,  

the supply of seed Q and the air velocity V 

  

 According to the obtained data, the coefficient of distribution δ is calculated by the formula (6). Using 

Mathematica software package, a mathematical expression is compiled in a skilled form after the reduction 

of non-significant parts of the equation according to Student's criterion, which links the coefficient of 

distribution δ to the factors of research: 

δ = 67.568 – 4.87605 D – 0.537449 D2 – 152.139 Q – 1.22609 V + 0.542871 D V +    

+ 6.11275 Q V – 0.0510141 V2
     (8) 
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 The graphical interpretation of the dependence (8) is shown in Fig. 6. The optimum parameters of 

equation (8) under the condition of the maximum distribution coefficient δ are Dp = 3 mm, Q = 0.03 kg/s, V = 

15 m/s. As it can be seen in Fig. 6, with increasing the seeds supply, the distribution factor θ decreases by 

parabola; the diameter of the seed Dp and the air velocity V affects the distribution coefficient δ by the 

function of the hyperbolic paraboloid. 

 The second stage, namely experimental research, has been carried out using the method of 

mathematical planning of the multifactorial experiment, which allows determining the mathematical 

processes’ models in the form of regression equations. The obtained mathematical model of the influence of 

the investigated factors on the coefficient of distribution δ is the following: 

δ = 36.8588 – 0.87431 x1 + 0.0222222 x1
2 + 3.12163 x2 + 0.883579 x1 x2 – 1.25313 x2

2      (9) 

 For this equation, the 95 % probability level of the dispersion is homogeneous, the value of the 

Cochran criterion G = 0.2594 <G0.05 (2; 9) = 0.4755. Dispersion of the adequacy of the mathematical model 

Saad
2 = 1.879; variance of experimental error Sy

2 = 1.4870; Fisher's value F = 1.26 <F0.05 (5; 18) = 2.77. The 

model is adequate at any level of confidence probability. According to the calculated values of the correlation 

coefficients and Student's criterion t0.05 (18) = 2.1, all coefficients are significant at the confidence level of 

over 95 %. In a sketched form, the model (9) has the following form: 

δ =  6.07089 – 29.1437 Q + 2.62933 V – 0.0501251 V2              (10) 

 

 
 

Fig. 6 – The dependence of the distribution coefficient δ on the effective diameter of the seed Dp,  
the seeding Q and the air flow velocity V 

 

 Analyzing equation (10), it can be argued that the factor of distribution δ is affected by all of the above-

mentioned factors. At the same time, with increasing air flow velocity V, the distribution coefficient δ 

increases. And with increasing seed Q supply, the distribution coefficient δ decreases. The graphical 

interpretation of the experimental (10) and theoretical dependences (8) obtained at Dp1 = 6 mm and Dp2 = 

7 mm is shown in Fig. 7. Statistical analysis showed that the correlation coefficient between the theoretical 

(8) and experimental (10) dependencies in the variation of the factors’ values in the given range is 0.96.  

 The mathematical model of the influence of the investigated factors on the power consumed by the 

experimental installation, has the form: 

P = 1.62667 + 0.0116667 x1 – 0.0183333 x1
2 + 0.995556 x2 – 0.000833333 x1 x2 – 0.01 x2

2    (11) 
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 For this equation, the 95 % probability level of the dispersion is homogeneous, the value of the 

Cochran criterion G = 0.1675 <G0.05 (2; 9) = 0.4755. Dispersion of the adequacy of the mathematical model 

Saad
2 = 0.00215; variance of experimental error Sy

2 = 0.00135; value of Fisher's criterion F = 1.59 < 

F0.05 (7; 18) = 2.58; the model is adequate at any level of confidence probability. According to the calculated 

values of the correlation coefficients and Student's criterion t0.05 (18) = 2.1, all coefficients are significant at 

the confidence level of over 95 %. In a sketched form, the model (11) has the form: 

P = – 2.35556 + 0.199111 V                 (12) 

 

 
Fig. 7 – The dependence of the distribution coefficient δ on the seeds supply Q and air flow velocity V 

1 – experimental dependence (10); 2 – theoretical dependence (8) with Dp1 = 6 mm; 

3 – theoretical dependence (8) with Dp2 = 7 mm 

 

 The graphic interpretation of the obtained dependence (12) is presented in Fig. 8. Analyzing Equation 

(12), it can be argued that the power consumed by the experimental installation linearly affects only the air 

flow velocity V. 

 

 
 

Fig. 8 – The dependence of the power P, consumed by the experimental installation,  

on the seeds supply Q and air velocity V 

 

 The task of solving a compromise problem was to minimize the power P consumed by the 

experimental installation, with the maximum value of the distribution coefficient δ and the seeds supply Q, 

that is: 


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 Convert the system of equations (13) to the form: 

.min
),(

),(
→

 VQQ

VQP


               (14) 

 The solution of the problem (14) with the aid of Mathematica software package leads to optimal 

technological regimes of the sunflower seeds separation during movement under the influence of air flow: 

Q = 0.09 kg/s, V = 15 m/s, δ = 31.6 %, P = 0.63 kW. 

  
 

 

CONCLUSIONS 

 As a result of numerical simulation of the mechanical and technological process of sunflower seeds 

separation during movement under the influence of air flow, there has been developed the dependences of 

the distribution of each fraction of the seeds on the length of the area (average value, average square 

deviation σ, filling factor θ, distribution coefficient δ) from the seed effective diameter Dp, air flow velocity V 

and the seed supply Q. Under the condition of a maximum filling factor θ and a distribution coefficient δ, 

rational regime parameters of the specified process are defined: for effective diameter of the seed Dp = 5 mm 

supply is Q = 0.03 kg/s, and air velocity V = 15 m/s. 

 As a result of experimental studies of the mechanical and technological process of sunflower seed 

separation during its movement under the action of air flow, a physical-mathematical model was developed 

that linked the distribution coefficient δ and the consumed power P to the supply of seed Q and air velocity V. 

Statistical analysis has showed that the correlation coefficient between the theoretical and experimental 

dependencies in the variation of the factors’ values in the given range is 0.96.  

 During the research, the compromise problem has been solved, in particular, the minimization of the 

power P consumed by the experimental installation with the maximum value of the distribution coefficient δ 

and the seeds supply Q: Q = 0.09 kg/s, V = 15 m/s, δ = 31.6 %, P = 0.63 kW. 
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