2'nd International Symposium
on Characterization

www .jcharacterization.com

PROCEEDINGS
1:1010) ¢

22 -25
September
2022

JURMAL O
CHARAGTIERIZATION




ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

2"4 INTERNATIONAL SYMPOSIUM
on CHARACTERIZATION

PROCEEDINGS Book

ISBN: 978-625-00-1057-0

EDITORS

Prof. Dr. Atilla Evcin
Prof. Dr. Ibrahim Gunes

Dr. Ferit Artkin

Publication Date: 15.12.2022



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

CONTENTS
CONTENTS ..ot 3
INVITED SPEAKERS........oiiiriiiiiiriiessssis s 7
SCIENTIFIC COMMITTEE ...t 15
ORGANIZING COMMITTEE ....occviiiiiiiiiiiiiissesissssssissssssssss s 17

Mikro-sulama Sistemi Lateral Boru Unitelerinin Hidrolik Tasariminda Analitik ve Niimerik Hesap
Metotlarimin Karsilastirmallt ANaliZI..........coooviiiiiiiiiciiiicc e nens 19

Farkli Cam Elyaf Oranlarina Sahip POM Malzemesinin Digimat ile Karakterizasyonu ve Yataklama
Elemam Uzerindeki EtkiSinin INCEIENMEST .......c.cvviviverrciiieicisieicieseisis et 32

Back-Step Computation Procedure for Evaluating Minor Pressure Loss Components along Laterals

Equipped with Integrated In-Line and On-Line EMItErsS.........ccccoeviiiieviie e 41
Cok Cidarlh Karbon Nanotiip Takviyeli Poliliretan Kompozitlerin Egilme Dayanimi ..................... 60
Determination of Steel Strand Effect on Dynamic Parameters of Composite Structure................... 67

Dogaltas Uretim Tesisleri Atik Granit Tozunun Beton Katki Maddesi Olarak Kullanilabilirliginin
INCEIENMIESI. . ..cvovviveci ettt bbb 79

Elektrokimyasal Empedans Spektroskopisi Yontemi ile Cesitli Malzemelerin Karakterizasyonu... 86

Atik Cam ve Deniz Kabuklarindan Cao-Al203-Sio2 (Cas) Esasli Seramiklerin Uretim Imkanlarinin
Arastirilmasi Ve Ozelliklerinin InCelenmesi.........co.ovevevceeiiveceeieecieieee et 91

Viskoelastik Polimerik Kopiik (Rtv-2) Cekirdekli Aliiminyum Sandvi¢ Panellerin Basma

Davranislarinin INCEIENMESI............cvvrueuiveiieireeeeeie et ee ettt s sttt es sttt s s nee e tes s s eeeeeas 99
The Use Of Solar Energy In The Profile Of Prefabrication And Its Effect On The Behavior And
DUrability Of CONCIELE .....cviitieiicec et s te et s be s et e e e b e baeseesbeeraestenne s 109
Tek Bir Banyodan Elektro Depolama Y6ntemi ile Elde Edilen Ni-W Ve Ni-W/Hbn Kaplamalarinin
) U TS 8 0 T ST SS 113
Variation of Design Parameters for Micro-irrigation System Subunit Laterals by Using LATCAD135
Insaat Sektoriinde Yeni Bir Yalitim Malzemesinin GeliStirilmesi ...........cceveveeuerecereerensrereeeeieennans 150
Investigation of Shear Wall Effect on Dynamic Parameters of Reinforced Concrete Building...... 154
Mineral Katkili Betonlarin Fiziksel OzelliKIETi.............cccovevevivevreeieiesisiseceeeeesesesseeeeeeseneseeeen, 163
Power Law Friction Factor Equation for Commercial Pipeling..........ccoocooveiiiiiiiniiiieeee 167
Hydraulic Design Accounting Local Pressure Losses Using MathCAD..........c.cccoovvviveivcieniennnns 167
Enantiyoselektif Michael Reaksiyonu i¢in Diazadioksokaliks[2]Aren[2]Triazin Bazli Kiral
OTANOKALAIIZOTIET ... .e.veieeeiie sttt ettt bbb b e bt eb e e e bt b e b sbeennenne e 184
Comeparative study on TiAIN and TiCN Coatings Tribological Performance for Dental Implant

D | | ST TTO PSP PP PRVRURUPTPRPPN 193
2343 Kodlu Celik Dokiimii Sonrast Atik Haline Gelen Hassas Dokiim Kumunun Samot Refrakter
Uretiminde KULANIMILL..........ccuiueieiieieceeteteteieeeecte ettt es et es ettt s s s s st s s s s seseas 201



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

An Internet of things for Data security using Artificial Intelligence..........c.cooeoiiiiiiiiiiiiies 213
Axial Dynamics of Elastic Deformable Supported Nonlocal Rods Using A Higher-Order Nonlocal
FE M et ettt R Rt R e Re e Re R R et et Rt e Re R e e Renbentenrenrenenen 222
Cape Town, Giiney Afrika'dan toplanan atik kehribar renkli sise camlari iizerinde karakterizasyon
GAIISIMALATT ...ttt b et b bttt e b e e s be e sbe e sheesabeanbeebe e beenrne s 231
Nonlocal Natural Frequencies of Shear Deformable Functionally Graded Nanobeams Via Nonlocal
FE M bR R bbbt E e bbbt nes 238
Portland Cimentolu Alternatif Polipropilen Elyaf Katkilt Beton ...........cocoovviiiiiiiiiiiinciiccn 250
Requirements for specialists in the Industry 4.0 environment: problems and solutions.................. 254
Effect of Silane Treatment on the Mechanical Properties of Cellulose Nanocrystal (CNC) Based
POIYMET COMPOSITES. .....cveeiieiieie sttt bbbttt bbb enes 258
About intelligent software system and development method for the intelligent interface .............. 264
Susuz Boraks Katkisinin Aliiminyum Malzemelerin Vickers Sertlik ve 1z Modiilii Degerlerine
Etkisinin Incelenmesi ve ENiyilenmesi ..........ccoccevrveruercreuerieeissiseesseeeeseeeeesesse s esee e sessesssnsans 267
The Effect of Steel Strip on Dynamic Parameters of Steel StruCture..........ccoovvvevievieeieniesinerenennn, 278
The effect of an aluminum alloy on its fluidity when alloyed with a lithium-fluorine-containing
COMIPOUINT .ttt h bbb bbb £ bbbt bt b et et ettt b bbbt n e 288
Cimento Fabrikas1 Emisyon Olgiimlerinde Ol¢iim Belirsizlikleri I¢in Yeni Yaklagimlar.............. 293
The Effect of Stud Walls on Dynamic Characteristics of Steel Building............cccccoovvvniiiienennn. 302
Borlu Cimento Harglariin Fizikomekanik OZelliKIETi...........coovcueveververceeierceeieeeee s 313
SYMPOSTUM PICTUIES ...ttt bbbttt bbbt 318
SPONSORS ...ttt sttt e ettt R e Rt b e R e bR b et n e R e R R nn et et neens 327
IN D E X e et e e e e e n e e e e prr e e e e 328



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Deawr 2" International Symposium o Chavacterigation atlendees;

We successfully completed the 2nd International Symposiwm ow
Characterigatiow in the last week of September. We had av great time inv
Afyonkarahisor witivour participanty and sponsors. We wanted to- send v
thank yow for the wonderful connections made; the good memories and
the momenty shauwred.

Thank yow for all your excellent wovk/!

It was av great pleasure to- meet yow face to-face inthe second symposivun.
Despite minor mistakes, we achieved o great success withv 52% foreigw
pauwticipation. Neawly 200 researchers contributed to-this event withv very
interesting presentations, posters and discussions.

I would like to- thank the international scientific and ovganiging
committees for giving structure to- the program and organizing the
second symposivm.

I would like to-thank all the sponsors for their generosity and interest inv
the conference.

Now let me talk about the people who- made great contributions to- the
symposium. Soner Sowas was very helpful withv his orviginal ideas; logo-
design and knowledge. He designed the graphic style of the symposium.
ismail Yldug helped witihvthe social medioa contacty and annouwncements.
Special thanks to-the Engineering Faculty studenty at the symposivm table
for their support. They coordinated the zoom meetings during the
symposiwmn. Ferit Artkun took powrt invthe preparatiov of the prograwm book
and swmmowy book.

As the organiging committee, we thank yow for all your great scientific
contributionsy and scientific interaction. We look forwowd to- your
pawticipation and support at the symposivwm we will organige next year.

Thank yow to- owr friends who- expressed their satisfaction during and
after the symposiuun for being so-positive!

Prof. Dr. Atila Evcinv  Prof. Dr. Ibvahim Giwnes Dr. Yasemin Tabak
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Degerli 2nd International Symposivun on Chavacterigation katilumclary

tylll ayvwnv  sonv haftosundar 2. International Symposiuumn  ow
Chawacterigzation basarylar  tamamladik.  Katlumclaruwwg,
spovsorlarvmglas bivlikte Afyonkarahisowda havika gamownw gecivdik.
Kuwrdanw howikaw baglantdar, yasanon giigel anulowr ve paylasdoaw

Tiuwn nuikemmel calus malowwwsg icivy tesekkiur ederig!

nmuthduk duwyduk. Ufak tefek hatodowa ragmen % 52 yaboancy katilumwylo
buyik bir basawv elde ettik. 200 e yakuv awasturmacy, bw etkinlige cok
dging sumuunlowr, posterler ve toutis malowlo katikudow budundu.

Programav yapv kagoanduwdiddawy ve sempogyuwmummunguny  ikincising
organige ettiklerv icinv  wslowowasy  bilimsel  ve  organigasyow
komitelerine cok tesekkiw ederim.

Tivw sporsorlavrar konferanso gosterdiklert comertlik ve dgiden dolayv
tesekkiw ederim.

sumdi sempogyumar biyik katkdary olowv kisilerden bahsedeyim. Soner
Sowas dzgiw fikirlery, logo tasawruvmw ve bilgisi de cok yordumer oldu.
Sempogywmuwv grafik stiling tasawladu. Sosyal medyow e temas ve
duwywrudowdai smail Y ddug yordumcy oldu. Sempogywm masaswndaw gsrevli
Mihendislik Fakidtesi ogrencilerine, destekleri icin dzellikle tesekkiur
ederig. Sempogywm suwaswndo zoom toplantlowruw koordine ettiler.
Progrown kitabv ve dzet kitabuwuww hagulanmasundar Ferit Artkuv gorev
aldu.

Organigasyorw komitesi olavak siglere, tiun bivyitk bilimsel katkdawrvwg
ver bilimsel etkilesimv icinv tesekkiur ediyorug. Seneye digenleyecegimizy
sempogywmda sizleriny katdumuwnw ve desteklering bekliyorusg.

Sempogyumv  suasndor  ve  sovwasndo  menmwuwniyeting  bildivesv
dostlowrwmga bw kadow pozitif oldugwnug icin tesekkiurler!

Prof. Dr. Atila Evcinv  Prof. Dr. Ibvahim Giwnes Dr. Yasemin Tabak
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INVITED SPEAKERS

Fayaz Hussain joined the department of Materials Engineering in 2007, first as a Lecturer, then
after Assistant Professor in 2010 and promoted as an Associate Professor in 2020. Prior to this,
he worked three years in metal industry. He is also editorial board member of journals of
“Frontiers in Materials” and “Electroactive Materials”. He has completed his PhD from the
University of Sheffield, England, UK, in 2016-2017, worked on “KNN based lead-oxide free
piezoelectric ceramics”. This ABO3 system has been studied from the perspective of optimizing
its performance for multilayer actuators; potentially for energy harvesting applications under
the supervision of Professor lan Reaney at the University of Sheffield. To fabricate the
multilayers, a novel Wet-Multilayer-Method (WMM) was also developed to overcome the
issues of delamination during firing of multilayers actuators. He has authored/co-authored
publications in well reputed journals, around 30 papers including key articles on piezoelectric,
capacitor and microwave dielectric ceramics in bulk and multilayers with 238-citations, h-index
8 and i10-index 6 of last five years. Current research interests: ynthesis of Piezoelectric
Ceramics and their multilayers, Multiferroics, Thermoelectric Ceramics and Microwave
dielectrics. Characterisation Methods: LCR, impedance spectroscopy, d33 meter for
piezoelectric coefficient, Vibrating Sample Magnetometer for magnetic properties, XRD
Analysis, SEM/ EDX, ferroelectric testing, etc.
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Prof. Cenk Aktas earned his BSc and MSc in Materials Science and Engineering from Middle
East Technical University-Turkey and Christian-Albrechts University-Germany, respectively.
He joined Leibniz Institute for New Materials (Leibniz-INM) in 2004. After completing his
PhD with distinction (summa cum laude) he was appointed as the Deputy Head of CVD
Research Division. Between 2010-2015, Aktas acted as the Director of CVD/Biosurfaces
Division at Leibniz-INM, which is situated in Saarbriicken/Germany. In addition to his
academic duties (acting as senior instructor at Saarland University and Applied University of
Kaiserslautern), he gained invaluable experiences at Leibniz-INM since it is a well-known
scientific partner to national and international institutes and a provider of research and
development for companies throughout the world. Aktas also acted as advisor and instructor in
several professional training programs of various institutions including German Chemistry
Society, Korean University of Technology, European Postgraduate School and etc. Currently
he is carrying out research activities on synthesis of functional nanomaterials and their potential
applications in diverse fields including energy, medicine, textile, surface, and composite
technologies at the Institute of Materials Science, CAU-Kiel. In addition, he acts as the Pl at
Cardiovascular Materials Laboratory at UdS-Homburg and is giving lectures in the Medical
Faculty, UdS-Homburg. Aktas has been involved in various projects funded by EU, DFG,
BMBF and similar public institutions. Aktas published more than 70 research papers and 10
patents in different fields (on nanomaterials and nanotechnology). He has several prestigious
awards including Prof. Werner Petersen Award, Prof. Horst Hardt Award, Prof. Baki
Komsuoglu Award, International Nanomedicine Foundation Award and etc.
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A:A

Dr. Dawei Wang is a Professor at Shenzhen Institute of Advanced Technology, Chinese Academy of

Sciences, who was a Research Associate at the Department of Materials Science and Engineering of
The University of Sheffield (2014-2020) and a joint PhD student/visiting scholar at the Materials
Research Institute of Pennsylvania State University (2010.9-2011.9/2016.4-6). He received his PhD
degree in Materials Processing Engineering from Beijing Institute of Technology in 2012. He is an
Associate editor for Journal of American Ceramic Society / Frontiers in Materials and an Editorial
board member for Materials Today Communications / Journal of Advanced Ceramics / Journal of
Advanced Dielectrics / Crystals. His research focuses on the advanced electronic ceramics for energy
storage/conversion/harvesting, and translation of new materials to porotype devices/components for
electronic systems. He has published 150+ refereed papers, with a total citation of 5700+ and a google
scholar h-index of 45. Also, he holds 20 issued patents and has given 30+ invited talks on international

conferences.
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Zhi Hong Chen is an associate professor from Wuhan University of Technology. He
received his B. S. in 2009 from Central South University, China and Ph. D degree in
2014 from the University of Sheffield, United Kingdom, with “Ceramic Award” for his
high quality Ph.D thesis. His research interest focuses on the design, fabrication and
characterization of novel electromagnetic functional materials, including
electromagnetic absorption materials and metamaterials. He has been a Pl and
achieved several funding support from national grants of China. He has published
more than about 30 papers in peer-reviewed journals, including Adv. Mater., Adv.
Optical. Mater., Nanoscale, Phys. Chem. Chem. Phys. and J. Appl. Crystallogr. etc.
He is also the author of 3 chapters in two academic books published by Royal Society
of Chemistry and World Scientific.

Email: z chen@whut.edu.cn
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Dr Zhilun Lu is a Lecturer (Assistant Professor) at Edinburgh Napier University's School of Engineering
and the Built Environment. He obtained his PhD from the University of Sheffield with the High-Quality
PhD Thesis Prize. He then held postdoctoral positions at the Helmholtz-Zentrum Berlin for Materials
and Energy (member of the largest scientific organisation in Germany-The Helmholtz Association of
German Research Centres) and the Henry Royce Institute (The UK's National Institute for advanced
materials research and Innovation).

Dr Lu is a Professional Member (MIMMM) of the IOM3, a Member (MRSC) of the Royal Society of
Chemistry and a Member of the American Chemical Society. He is on the editorial boards 5 prestigious
materials journals. He serves as a peer reviewer for high impact journals, including Nature
Communications, Advanced Functional Materials, Physical Review Letters, Chemistry of Materials, and
Acta Materialia. He has also delivered 10+ keynote speeches at international conferences. Dr Lu has
published 60+ journal papers (H-index=24). One of his papers was selected as a Hot Article (as one of
the top 10% of papers) in Energy & Environmental Science in 2020. And another paper was selected as
a Highly Cited Article by Web of Science in 2021.

Dr Lu's research group focuses on the structure-composition-property relations of a broad spectrum
of advanced functional materials and the translation of novel materials into prototype devices. Dr Lu
is an expert in utilising Impedance Spectroscopy to examine "electrical microstructure”, as well as
Neutron Scattering to analyse atomic and magnetic structures, the dynamic interplay of quasi-particle
and charge transport, including phonon excitations in solids and spin waves in magnetic materials.
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Salih Veziroglu received his Ph.D. from the Institute of Material Science at Kiel University- Germany in
2020. He got the prestigious Thesis Award by Kiel Nano Surface & Interface Science (KiNSIS) due to his
outstanding achievements (co-authorship in more than 19 articles) during his doctoral studies.
Currently, he is working as a young group leader (Nano, Energy, and Surface Engineering Group) at the
same institute. He involves many national (e.g, DFG, etc.) and international (e.g, EU, etc.) projects and
focuses on the fabrication of metal-metal oxide thin films and particles for photocatalysis, energy, self-
cleaning, and sensing applications.

Doktora derecesini 2020 yilinda Kiel Universitesi-AlImanya Malzeme Bilimi Enstitiisii'nden aldi. Doktora
calismalari sirasinda gosterdigi Gstln basarilari nedeniyle (19'dan fazla makalede ortak yazarlik) Kiel
Nano Yiizey & Arayiizey Bilimi (KiNSIS) tarafindan verilen prestijli Doktora Tez Odiilii'nii kazandi. Halen
ayni enstitiide geng grup lideri (Nano, Enerji ve Yiizey Mihendisligi Grubu) olarak ¢alismaktadir. Birgok
ulusal (6r. DFG, vb.) ve uluslararasi (6r. AB, vb.) projeye dahil olmakta ve fotokataliz, enerji, kendi
kendini temizleme ve algilama uygulamalari igin metal-metal oksit ince film ve par¢aciklarin Gretimine
odaklanmaktadir.
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Attila Alkan worked as a specialist for 2 years in the electron microscope laboratory, where he
completed his master's degree in Physics Engineering, Faculty of Science, Ankara University. Then, in
order; He worked as a research assistant in the Physics Engineering department for 3 years, as an
electron microscope specialist for 4 years in the Cement Manufacturers' R&D micro-examination
laboratory and for 26 years in the Brisa R&D micro-examination laboratory. He completed his
doctorate in Kocaeli University Metallurgical and Materials Engineering Department in 2019. He took
part in EUROSTARS projects completed in 2017 and EUREKA projects completed in 2019. He retired
from Brisa in 2012. Since 2014, he has been working as an electron microscope specialist in the
application department of Atomika Technical Devices. Atomika Teknik firm is the Turkey
representative of TESCAN electron microscope and micro CT firm.
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Associate Professor Havva Kazdal Zeytin was born in Rize Muradiye Village in 1962 and
completed primary school in Muradiye Village Primary School. She completed her secondary
and high school education at Istanbul Nisantas1 Girls' High School, and her university education
at Istanbul Technical University, Faculty of Chemistry and Metallurgy, Department of
Metallurgy and Materials (1984). | did my master's and doctorate in the field of materials at the
same university. She worked as an engineer at PARSAT PISTON A.S and NASAS Aluminum
factories between 1987-1991. He is still working as a chief researcher as the Manager of the
Critical Metallic Materials Group at the TUBITAK MARMARA RESEARCH CENTER
Materials Institute, which he entered in 1991. Associate Professor. Havva Kazdal Zeytin has
worked with metal materials as a researcher and engineer in a heavy industry branch such as
metallurgy throughout her career. She carried out studies in areas such as bringing advanced
technologies of materials such as steel industry, aluminum industry, superalloy materials to our
country, and developing materials with high added value that we cannot produce. It has made
technology acquisition and development studies by establishing the infrastructure for the
production of Steam Turbine materials, Gas Turbine materials and Aircraft Engine Turbine
materials, which our country is completely dependent on abroad. He supported the R&D
projects of many companies and acted as a project referee in TUBITAK TEYDEB R&D
projects. Since 2012, TUBITAK MARMARA RESEARCH CENTER-Materials Institute has
been continuing its efforts to train human resources and establish infrastructure in the country
for research, development and production on advanced materials used in aviation, nuclear
materials, advanced materials used in automotive. In this context, Assoc. Dr. Havva Kazdal
Zeytin continues to work to develop and expand this infrastructure to serve the country. In
addition, he has nearly 50 papers and articles presented in national and international journals
and conferences.

14
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SCIENTIFIC COMMITTEE

e Prof. Dr. Ilker Bekir TOPCU, Osmangazi University, Tiirkiye

e Prof. Dr. Ahmet UNAL, Yildiz Tecnical University, Metallurgical and Materials Eng.
Department, Tiirkiye

e Prof Dr. Senol YILMAZ, Sakarya University, Metallurgical and Materials Eng.
Department, Tiirkiye

e Prof. Dr. Iskender AKKURT, Siileyman Demirel University, Tiirkiye

e Prof. Dr. Cenk AKTAS, URTEMM (Additive Manufacturing Excellence Centre),
Tiirkiye

o Prof. Dr. Yogendra Kumar MISHRA, University of Southern Denmark, The Mads

Clausen Institute, Denmark

Prof. Dr. Erol KAM, Yildiz Teknik University, Tiirkiye

Prof. Dr. Ender SARIFAKIOGLU, Cankir1 KaratekinUniversity, Tiirkiye

Prof. Dr. Bahri ERSOY, Afyon Kocatepe University, Tiirkiye

Prof. Dr. Mahmut OZACAR, Sakarya University, Tiirkiye

Prof. Dr. Atila Giirhan CELIK, Giresun Universityi, Tiirkiye

Prof. Dr. Rabia ALMAMLOOK, Western Michigan University, USA

Prof. Dr. Michal KULKA, Poznan University of Technology, Poland

Prof. Dr. Nodar LEKISHVILI, Ivane Javakhishvili Thilisi State University, Georgia

Prof. Dr. Alma Gabriela Palestino Escobedo, Universidad Autonoma de San Luis

Potosi, Mexico

e Prof. Dr. Serafettin EROGLU, Istanbul University- Cerrahpasa, Metallurgical and

Materials Eng. Department,, Tiirkiye

Prof. Dr. Karima Akool AL-SALIHI, Al Muthanna University, Iraq

Prof. Dr. Kaveh Ostad-Ali-ASKARI, Isfahan University of Technology (1UT), Iran

Assoc. Prof. Ayse KALEMTAS, Bursa Teknik University, Tiirkiye

Assoc. Prof. Mustafa YAMAN, Istanbul Sabahattin Zaim Univeristy,

mustafa.yaman@izu.edu.tr

Assoc. Prof. Hasan KOTAN, Necmettin Erbakan University, Tiirkiye

Assoc. Prof. Ali GUNEN, Iskenderun Technical University, Tiirkiye

Assoc. Prof. Mustafa ULUTAN, Eskisehir Osmangazi University, Tiirkiye

Assoc. Prof.Zahide Bayer OZTURK, Nevsehir Hac1 Bektas Veli University, Tiirkiye

Assoc. Prof.Miirsel EKREM, Necmettin Erbakan University, Tiirkiye

Assoc. Prof. Fuat KARA, Diizce University, Tiirkiye

Assoc. Prof.Jale CATAK, Istanbul Sabahattin Zaim University, Tiirkiye

Assoc. Prof. Soner SAVAS, Erciyes University, Tlrkiye

Assoc. Prof. Nevin CANKAYA, Usak University, Tiirkiye

Assoc. Prof. Alicja Krystyna KRELLA, Institute of Fluid Flow Machinery, Poland

Assoc. Prof. Seyda POLAT —-KOU Metallurgical and Materials Eng. Department,

Tiirkiye

« Assoc. Prof. Hakan ATAPEK-KOU Metallurgical and Materials Eng. department,
Tiirkiye

e Assoc. Prof. Meltem YILDIZ, Kocaeli University, Chemical Engineering Department,
Kocaeli, Tiirkiye

e Assoc. Prof.Tuba Erdogan Bedri, TUBITAK MRC, Materials Institute, Tiirkiye

e Assoc. Prof. Dolunay Sakar, Yildiz Tecnical University, Chemistry Department,
Tiirkiye
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o Assist. Prof. Dr. Murat Efkan KIBAR, Kocaeli University, Chemical Engineering
Department, Kocaeli, Tiirkiye

e Dr. Massimo ROGANTE, Studio D’ingegneria Rogante, Contrada San Michele,
Civitanova Marche (MC), Italy

o Dr. Angeliki Christogerou, University of Patras, Department of Chemical Engineering,
Greece

« Dr. Maria Canillas Perez, Laser Center from Universidad Politeecnica of Madrid,
Spain

o Dr. Peter Tatarko, Institute of Inorganic Chemistry, Slovak Academy of Sciences,

Slovakia

Dr. Engin Ac¢ikalin, TUBITAK MRC, Materials Institute, Tiirkiye

Kerim Coban, TUBITAK MRC, Materials Institute, Tiirkiye

Dr. Cansu KURTULUS, Afyon Kocatepe University, Tlirkiye

Assist. Prof. Dr. Omer Saltuk BOLUKBASI, Iskenderun Technical University,

Tiirkiye

Assist. Prof. Dr. Mustafa KOCABAS, Konya Teknik University, Tiirkiye

Dr. Manjunath Patel G C, PES Institute of Technology and Management, India

Assist. Prof. Dr. Ali ERCETIN, Bingél University, Tiirkiye

Dr. Avinash Lakshmikanthan, Nitte Meenakshi Institute of Technology, India

Dr. Ying-Sui SUN, National Yang Ming University, Taiwan
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ORGANIZING COMMITTEE

Prof. Dr. Atilla EVCIN, Afyon Kocatepe University, Afyonkarahisar, Tiirkiye
Prof. Dr. Ibrahim GUNES, Giresun University, Giresun, Tiirkiye

Prof. Fayaz HUSSAIN, NED University of Engineering and Technology, Pakistan
Dr. Yasemin TABAK, TUBITAK MRC, Gebze, Tiirkiye

Prof. Dr. Baki AKKUS, Istanbul University, President of Turkish Physical Society,
Tiirkiye

Prof. Dr. Ender SARIFAKIOGLU, Cankir1 Karatekin University, Civil Engineering
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Prof. Dr. Beata Podkos$cielna PODKOSCIELNA, Maria Curie-Sktodowska
University, Poland

Prof. Dr. Mourad KEDDAM, University of Science and Technology Houari
Boumediene, Algeria

Prof. Dr. Danute Vai¢iukyniené-Palubinskaité, Kaunas University of Technology,
Lithuania

Prof. Dr. Svetlana Velkova Lilkova-Markova, University of Architecture, Civil
Engineering and Geodesy, Bulgaria

Prof. Dr. German Anibal Rodriguez CASTRO, Instituto Politecnico Nacional, Mexica
Prof. Dr. Greg Haidemenopoulos, Physical Metallurgy, Department of Mechanical
Engineering, University of Thessaly, Greece

Dr. Jirgen M. LACKNER, JOANNEUM RESEARCH Forschungsgesellschaft mbH
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Mikro-sulama Sistemi Lateral Boru Unitelerinin Hidrolik
Tasariminda Analitik ve Niimerik Hesap Metotlarinin
Karsilastirmah Analizi

Giirol Yildirim

Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.

Abstract

Mikro-sulama sisteminin temel unsuru olan lateral borular, sistemin tamaminda 6ngoriilen tiniformluk seviyesi,
basing yiikii degisimi ve toplam siirtiinme kaybi kriterlerine bagli olarak tasarlanabilen hidrolik yapilardir. Hidrolik
bakimdan lateraldeki akim, mansap yoniinde damlatic1 debisindeki azalmayla birlikte, yere bagl degisken debi
fonksiyonunun gegerli oldugu diizenli boru akimidir. Mikro-sulama sistemi lateral borularinin
projelendirilmesinde genellikle takip edilen metot, 6ngoriilen damlatict 6zelligi, lateral boru uzunlugu ve boru gap1
i¢in, damlatici debileri arasindaki degisimin belirli bir sinir degerini agmamasini saglamaktir. Bir bagka anlatimla,
damlatici debileri arasindaki degisimin kabul edilebilir bir iniformluk katsayisini saglayacak bigimde
diizenlenmesidir. Diger taraftan, lateral boyunca menba ve mansap noktalarindaki baslangi¢ ve sinir sartlari ile
belirlenen bir projelendirme aralig1 icerisinden, sistemde ongoriilen toplam yiik kaybi ve liniformluk seviyesi
kriterlerini saglayacak optimum giris basing yiikii degerinin belirlenmesi lateral hidroliginin temel problemidir.
Zira lateral boyunca enerji ¢izgisinin degisimi ve ¢ikis akimi dagilimi, lateral girisindeki basing yiikii degerine
bagli olarak farkli profillerde olugsmaktadir. Calismanin ilk kisminda, tiniform egimli ve sabit ¢apli bir lateral boru
icin lateral hidroliginin temel prensipleri sunulmaktadir. Caligmanin ikinci kisminda, sabit veya yere baglh
degisken debi yaklasimlarindan hareketle ortaya konan 7 adet hidrolik hesap metodunda, tasarim parametreleri
icin elde edilen baslica denklemlere yer verilerek, optimum girig basing yiikiiniin belirlenmesinde, saglanmasi
gereken hidrolik kriterler degerlendirilmektedir. S6z konusu metotlarin karsilagtirmali analizi igin, farkli egim
kosullar1 ve damlatici karakteristikleri igin 6rnek bir uygulama segilerek, her bir metottan elde edilen sonuglar,
boyutsuz egriler halinde karsilastirilmaktadir.

Keywords: Sulama sistemleri, mikro-sulama, lateral hidroligi, piiriizsiiz boru akimi, hidrolik tasarim, analiz,
analitik ve niimerik yontemler.

*Author e-mail: gurol.yildirim@giresun.edu.tr
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Mikro-sulama sisteminin basarisi, sistemin 6nemli bir pargasi olan lateral borularin hidrolik prensiplere
uygun bi¢imde tasarlanmasina ve lateral boru iizerindeki damlatict &zelliklerinin iyi bilinmesine baglidir
(Agiralioglu vd., 2000; Agiralioglu ve Yildirim, 2002).

Mikro-sulama sisteminin temel unsuru olan lateral borular, sistemin tamaminda 6ngoriilen tiniformluk
seviyesi, basing yiikii degisimi ve toplam siirtiinme kaybi kriterlerine bagli olarak tasarlanabilen hidrolik
yapilardir. Hidrolik bakimdan lateraldeki akim, mansap yoniinde damlatici debisindeki azalmayla birlikte, yere
bagli degisken debi fonksiyonunun gegerli oldugu diizenli boru akimidir (Yildirim, 2001; Yildirim ve Agiralioglu,
2001). Lateral borunun hidrolik tasarimi igin arastiricilar iki temel kabulden yola g¢ikarak analitik ve niimerik
¢Oziim yontemleri gelistirmiglerdir.

Bu kabullerden birincisi, lateral boyunca {iniform bir ortalama birim boy debisinin gecerli oldugu
kabuliidiir. Ancak, bu basitlestirmeden yola ¢ikilarak elde edilen analitik metotlarin ¢éziimlerinden elde edilen
sonuglarin dogru niimerik metotlarin ¢oziimlerinden elde edilen sonuglardan dnemli mertebede sapma gosterdigi
ortaya konmustur.

Aragtiricilarin lateral boyunca enerji ¢izgisinin (basing profilinin) dogru bigimde belirlenebilmesi igin
esas aldiklart ikinci temel kabul, lateral boyunca boru girisinden itibaren mansap yoniinde damlatici ¢ikis
akimindaki azalma ile birlikte, yere gére degisen bir debi fonksiyonunun gegerli oldugu kabuliidiir.

Son yillarda yapilan calismalarda, lateraldeki degisken debi profilinin belirlenebilmesi igin farkli
yaklasimlardan ve kabullerden yola ¢ikilarak analitik ve niimerik ¢6ziim metotlar1 ortaya konmustur. Lateral
borularin hidrolik hesaplamalarina iliskin literatiirdeki mevcut ¢alismalar su ana bagliklar altinda
gruplandirilabilir:

1. Lateral borulardaki siirtiinme kayiplarinin belirlenmesi (Anwar, 1999a,b, 2000; Scaloppi ve Allen,
1993; Vallesquino ve Luque-Escamilla, 2002; Yitayew, 1989; von Bernuth, 1990; von Bernuth ve Wilson, 1989;
Watters ve Keller, 1978).

2. Damlatici baglantilarindan kaynaklanan yersel kayiplarin belirlenmesi (Howell ve Barinas, 1980; Al-
Amoud, 1995; Bagarello vd., 1995, 1997; Juana vd., 2002a,b; Sinobas vd., 1999; Provenzano ve Pumo, 2004;
Provenzano vd., 2005; Yildirim ve Agiralioglu, 2006; Yildirim ve Agiralioglu, 2004c¢,e; Yildirim, 2006).

3. Lateral boyunca debi ve basing profillerinin belirlenmesi (Anyoji ve Wu, 1987; Wu ve Gitlin, 1973,
1974, 1975; Wu, 1992, 1997; Wu ve Yue, 1993; Keller ve Bliesner, 1990; Warrick ve Yitayew, 1987, 1988;
Yitayew ve Warrick, 1987, 1988; Vallesquino ve Luque-Escamilla, 2001; Yildirim ve Agiralioglu, 2002a;
2003a,b; 2004d; 2005a,b).

4. Lateral borularin hidrolik tasarimi1 (Howell ve Hiler, 1974; Bralts vd. 1993; Kang ve Nishiyama,
1996a,b; Hathoot vd., 1993, 2000; Jain vd., 2002; Saad ve Marino, 2002; Valiantzas, 1998, 2002; Yildirim ve
Agiralioglu, 2002b; 2004a,b,f; 2005c¢).

Ancak, lizerinde ¢ok detayl ¢alismalarin yapildig1 ve halen yapilmakta olan mikro-sulama sistemi lateral
borularinin tasariminda, literatiirde ortaya konan belli baslt hidrolik hesap metotlarinda ortaya konan yaklasimlarin
detayli bir analizine ve ¢oziimlerinden elde edilen sonuglarin kapsamli bigimde karsilagtirilmasina yonelik bir
¢aligma bulunmamaktadir.

Calismanin ilk kisminda, {iniform egimli ve sabit ¢apli bir lateral boru i¢in lateral hidroliginin temel
prensipleri detayli olarak sunulmaktadir. Calismanin ikinci kisminda, sabit ve yere bagl degisken debi
yaklagimlarindan hareketle ortaya konan analitik ve niimerik hidrolik hesap metotlarinda kullanilan denklemler,
ilk kisimda verilen yonetici denklemlerle iliskilendirilerek sunulacaktir. S6z konusu metotlarin uygulamalari igin
farkl: tipte lateral tasarim problemleri secilerek; farkli egim kosullar1 ve damlatici karakteristikleri i¢in elde edilen
sonuglar, boyutsuz egriler halinde karsilastirilmaktadir. G6z oniine alinan hidrolik hesap metotlar1 sunlardir:

1) ileri-adim metodu (Forward-Step Method, FSM) (Hathoot vd., 1993),

2) Diferansiyel Metot (Differential Method, DM) (Warrick ve Yitayew, 1988),

3) Runge-Kutta Niimerik Metodu (Runge-Kutta Numerical Method, RKM)

(Yitayew ve Warrick, 1988),

4) Basitlestirilmis Analitik Yaklasim (Simplified Analytical Approach, SAA) (Yitayew, 1989),

20



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

5) Sabit Debi Metodu (Constant Discharge Method, CDM) (Valiantzas, 1998),

6) Degisken Debi Metodu (Variable Discharge Method, VDM) (Valiantzas, 1998) ve

7) Ardisik Yaklagimlar Metodu (Successive Approximations Method, SAM)  (Vallesquino ve Luque-
Escamilla, 2001).

2. Lateral Boru Akimi Hidroliginin Temel Prensipleri

Uzerinde nokta kaynakli damlaticilar bulunan yatay bir lateral borunun boy kesiti ve akim boyunca
degisken akim parametreleri Sekil 1°de gosterilmektedir. Sekilde goriildiigii gibi, lateral boru iizerindeki 6zdes
tekil damlaticilar lateral {izerine esit mesafelerle yerlestirilirler. Uniform egimli bir lateral boruda damlatici ara
mesafesi, s (m), damlatict katsayisi, ¢ (m®Ys™) ve lateral borunun kesit alani, A (m?) sabittir.

Sekilde, N, lateral tizerindeki toplam damlatici sayisi; Qin, lateral girisindeki menba debisi; Q2, Qs,...,Qn,
damlaticilarin ayirdigi boru dilimlerindeki lateral debileri; Qy, lateral mansabinda son damlaticidan itibaren artik
lateral debisi; gav, lateral boyunca ortalama damlatici debisi; qi, lateral girisinden itibaren ilk damlatici debisi; q2,
03,--., On, mansap istikametinde diger damlatict debileri; Hin = Hi, ilk damlaticiya ait girig basing yiikii; Ha, Ha,...,
Hn, mansap istikametinde diger damlaticilara ait basing yiikleri; sin, ilk damlaticinin lateral girigine olan mesafesi;
s, lateral iizerindeki ardisik tekil damlaticilar arasindaki mesafe ve L, ilk ve son damlaticilar arasindaki lateral
uzunlugudur.

Lateral girisi Hin= H1 H, Hs
(inlet) " -
Qu
(1) C (2) Qs 3) Q (n) Qnit N = (n+1)
Q=0
Qin=Qu= NCIav
i 0 ) 0 0
> 0 0
| BN /

|
!
! g1 qz2 g3 Qdn Qgn+1
|
|
|

|
i
i
i
i
i
I
i
L =(N-1)s !
I

Sekil 1. Lateral boru boykesiti, yere bagl degisken (spatially-variable) akim parametreleri

Damlaticilarin akim karakteristikleri asagidaki bagmti ile tanimlanmaktadir (Howell ve Hiler, 1974;
Keller ve Karmeli, 1974):

y
g, =CH, (1)

Bagintida; n, damlaticinin konumunu gosteren indis; qn, 6zdes tekil damlaticidan hasil olan ¢ikis akimy;
Hn: damlatict basing yiikii; ¢, ampirik damlatic1 katsayist ve y, akim rejimine ve damlatici tipine baglh akis
iissiidiir.Lateral boyunca ¢ok sayida damlatici bulundugu ve ¢ikis akiminin yere gore siirekli olarak degistigi goz
oniine alinarak, birim boru uzunlugundaki ¢ikis akimi q, asagidaki baginti ile belirlenebilir (Warrick ve Yitayew,
1988)
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Lateral boyunca kiitlenin korunumu denklemi su genel formda yazilabilir:

dQ_ da_

= 3
o o ®

Denklemde; A: Lateral borunun kesit alani; X ve t, yer ve zaman koordinatlaridir.

Mikro-sulama lateralleri igin diizenli boru akimi sart1 (dA/dt = 0) diisiiniilerek (3) denklemi asagida
formda yazilabilir:

Ayz—q

dx @)

Denklemde; v, lateral borudaki ortalama akim hizidir.
Sekilde gosterildigi gibi, (n) ve (n+1) inci damlaticilar arasindaki lateral debisi, Qn+1, (4) denklemi ile
verilen siireklilik prensibinden hareketle elde edilebilir:
Qn+1=Qn—qn ®)
Mansap yoniinde lateral debisindeki azalmanin sonucu olarak momentumdaki degisim, momentumun
korunumu denkleminin asagidaki formu ile belirlenebilir (Streeter ve Wylie, 1983):

AF = P (Qn+1Vn+1 - ann) (6)

Denklemde; AF | basing kuvvetindeki degisim; P , sulama suyunun yogunlugu; Vn, Vn+1, (n-1)~(n) ve
(n)~(n+1) damlaticilart arasinda kalan boru dilimlerindeki ortalama akim hizlaridir.

Ardigik (n) ve (n+1) damlaticilart arasindaki boru diliminde momentum degisiminden dolay1 meydana
gelen basing yiikii degisimi, AHN+1, (6) denklemi yardimiyla asagidaki sekilde elde edilebilir.

— & — ﬁ — p(Qn+1Vn+1 _QnVn)

AH

n+l 7 A}/ A]/ (7a)
Vn+l = Qn+l Vn = % =
A A 7 =p9 (7b)
esitlikleri (7a) denkleminde yerlerine yazilip diizenlenerek,
2 A2
AHn+1 — (Q n+1 2Q n)
9 (70)

elde edilir (Streeter ve Wylie, 1983; Featherstone ve Nalluri, 1982). Denklemde; g, yer¢ekimi ivmesidir.
Darcy-Weisbach formiilii, ardigik (n) ve (n+1)’inci damlaticilar arasindaki boru kismi i¢in agagidaki
sekilde yazilabilir.

s Quy’
H fnel — fn+1 12
D 2gA ®)

Formiilde; fn+1, ardisik (n) ve (n+1)’inci damlaticilar arasindaki boru kismi i¢in Darcy-Weishach
stirtiinme katsayist ve D, lateral borunun i¢ ¢apidir.

Bagarello ve dig. (1997); Juana vd. (2002a), damlaticinin menbasinda biiziilme ve mansabinda genisleme
(Chadwick ve Morfett, 1993) nedeniyle ortaya ¢ikacak yerel kayiplarin Belanger veya Borda-Carnot denklemleri
ile hesaplanabilecegini belirterek, toplam yerel yiikk kaybi i¢in her iki durumun birlikte g6z Oniine alinmasi
gerektigine igaret etmislerdir. Buna gore toplam yerel yiik kaybi, asagidaki esitlikle belirlenebilir:
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2 _ 2 2 2
h +h Z(VC’Vr) +(Vf Vn+l) :( 1 1} Vn+l

hi = ¢ 29 29 cr ) 2g
— KVn+l2
he 29 9)

Denklemde; K, yersel yiik kayb1 katsayisidir.

Enerji denklemi, (n) ve (n+1)’inci damlaticilar arasinda (7), (8) ve (9) denklemleri ile birlikte hiz yiikii de
dikkate alinarak, agagidaki formda yazilabilir:

V2 ' )
H,+—+z +h, '

Ho +Y2 7 L H, +AH_, +h
29

n+1 n+1 fn+1 n+1 kn+1
= (10)
2 2
Denklemde; Vi 129 ,V”+1 l2g , (n) ve (n+1)’inci boru boliimlerindeki hiz yiikleri; zn ve zn+1: ardisik
(n) ve (n+1)’inci damlaticilarin kiyas diizlemine gore geometrik kotlaridir.

Yukaridaki agiklamalardan goriilecegi lizere, lateral hidrolik problemleri 4 temel denklemle ¢oziilebilir:
1) Damlaticinin debi-basing yiikii iligkisi, 2) Siireklilik denklemi, 3) Darcy-Weisbach siirtiinme kaybi formiilii ve
yerel yiik kayiplar1 igin Borda-Carnot veya Belanger formiilleri, 4) Momentumun korunumu ve enerjinin
korunumu denklemleri.

Neticede, yukaridaki temel denklemlere dayanilarak, lateralin herhangi bir (n+1)’ inci boliimiine ait 4
adet bilinmeyen hidrolik degiskene (Qn+1, gn+1, Hn, Hfn+1), bir 6nceki (n)’inci boliime ait bilinen degiskenlerine
(Qn, gn ve Hn) ve diger tasarim parametrelerine (zn, zn+1, fn+1, D, s, ¢, y, N) baglh olarak, herhangi bir metot
yardimiyla hesaplanabilir.

3. Hidrolik Hesap Metotlar1

Asagidaki boliimde, caligmada g6z oniine alinan hidrolik hesap metotlarindan kisaca bahsedilecektir. S6z
konusu metotlarn algoritmalar1 hakkinda detayli bir ¢aligma literatiirde mevcuttur (Yildirnm ve Agiralioglu,
2004b).
Ileri Adim Metodu (FSM: Forward Step Method)

Hathoot vd. (1993), lateral boyunca hidrolik parametrelerin degisken lateral debisine bagli olarak
menbadan mansaba dogru adim adim belirlendigi niimerik bir hesap metodu gelistirmislerdir (Forward-Step
Method, FSM). Bilgisayar destekli bu metoda gore lateral girisindeki basing yiikii (Hin), ortalama basing yiikiine

(Hav) makul bir yiik artig1 (AO) eklenmek suretiyle hesaplanir (Baslangig sarti).

Hin = Hmax = Hl = Hav +A0 (11)

(5) ile verilen siireklilik denklemi ve (9) ile verilen enerji denkleminden hareketle, basing yiikii i¢in asagidaki genel
form denklemi elde edilir.

Hn+1 = Hn + Bli(gn2 _(Qn _qn)2:|_ Efn+l(Qn _qn)2 iSSO (12)

Denklemde; s0, tiniform lateral egimi olup asagi egim halinde pozitif yukart egim halinde ise negatif alinir.
Denklemdeki B ve E sabitleri ilgili esitlikler yardimiyla hesaplanir.

Arastiricilar, lateral {izerindeki tiim damlatici debilerinin ortalama damlatic1 debisinden sapmalariin
degerlendirildigi UC tiniformluk katsayisinin agsagidaki esitlik yardimiyla hesaplanabilecegini gostermislerdir.

1 n=N
UC :l_|:N_:| Z|qn _qav|
qav n=1 (13)

Diger taraftan lateralin son ¢eyregindeki ortalama debinin, lateralin tamamindaki ortalama debiye orani olarak
tanimlanan DULQ tiniformluk katsayisi su esitlikle verilmektedir.

n=N
(e
DU _ n=3N/4

LQ — Nqav (14)
Diferansiyel Metot (DM: Differential Method)
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Warrick ve Yitayew (1988) lateral boyunca siirekli ve iiniform olmayan debi yaklasimindan hareketle,

lateral boruda cereyan eden akimin ikinci mertebeden lineer olmayan basit diferansiyel denklem formunda
incelendigi analitik bir ¢6ziim metodu gelistirmiglerdir (Differential Method, DM).

(2), (4) ve (8) bagintilar1 (10) ile verilen enerji denkleminde yazilip, boyutsuz hiz (V = v/v0) ve boyutsuz
mesafe (X = x/x0) i¢in diizenlenerek,

i(—d—vj X, +aVv [d—vj +V"+S,=0

diferansiyel denklemi elde edilir.
Denklemde; m, akim rejimine bagh debi iisstidiir. Karakteristik uzunluk (x0) ile Kinetik enerji sabiti (a)
ve tiiretilmis egim sabiti (S0), ilgili formuller yardimiyla hesaplanir.

(15) diferansiyel denklemi i¢in su sinir sartlar1 gegerlidir. Lateralin menba u¢ noktasinda; X=x/%=0
(x= 0) V=v/v,=1 (v=V,). - ve mansap ug noktasinda; X=L/Ix=X, (x= L); V=v/v,=0 (VZO).
Boyutsuz hiz (V) ve mesafe (X) i¢in verilen bagntilar (2) denkleminde yazilarak ve a = 0 i¢in yeniden
diizenlenerek, lateral boyunca rolatif debi dagilimi i¢in asagidaki denklem elde edilir.
a__ X

qav F (V ) (16)

e -y/(y+1)
FV) :{(y+1)(m+l+sovj+c}
(17

Denklemde; F(V), boyutsuz hiz fonksiyonu ve C, sinir sartlarina bagh olarak belirlenen integrasyon sabitidir
(Y1ildirim ve Agiralioglu, 2004b).
UC ve DULQ iiniformluk katsayilar1 asagidaki denklemler yardimiyla hesaplanmaktadir.

2
Uc :1_[X_OJ[XO(1_Vdiv) - Xdiv]

(18)

Burada; Xdiv, Vdiv, 4/, =10 noktasina ait boyutsuz koordinat ve hiz degerleridir.
DU, =4V, (19)

X =0.75X, =0.75(L/x)) noktasindaki boyutsuz koordinata tekabiil

Burada; VLQ, lateralin son ¢eyreginde,
eden boyutsuz hiz degeridir.
Runge-Kutta Niimerik Metodu (RKM: Runge-Kutta Numerical Method)

Yitayew ve Warrick (1988), analitik ¢6ziim metodundan elde edilen sonuglarin dogrulugunu kontrol
etmek iizere, Runge-Kutta niimerik ¢oziim metodunu (Runge-Kutta Numerical Method, RKM) kullanmislardir.
Runge-Kutta niimerik ¢6ziim metodunda, (18) ve (19) denklemleri ile verilen UC ve DULQ iiniformluk katsayilari

A/Gag =1.0. X =075X,. Vig =V/% boyutsuz parametrelerine ait degerlerin, sz konusu X,V ove g/gavg
parametrelerlnm tablolastlrllmls degerleri arasinda uygun enterpolasyonlar yapilmak suretiyle bellrlenmektedlr
Basitlestirilmis Analitik Yaklasim (SAA: Simplified Analytical Approach)
Yitayew (1989), bir onceki c¢aligmada (Warrick and Yitayew, 1988) gelistirilen analitik ¢6ziim metoduna
dayanarak, egimsiz mikro-sulama lateral borular1 veya yan ana borularda siirtinmeden dogan toplam enerji
kayiplarmin belirlenmesi igin basitlestirilmis bir analitik yaklasim (Simplified Analytical Approach, SAA)
sunmustur.

Yatay lateral borudaki toplam enerji kaybi AH | menba ve mansap ug¢ noktalardaki toplam enerjilerin
farki aliarak elde edilir.

AH =H'(0)-H'(QD)

2
v Al(a@) (o) |,,
12
2g L qavg qavg
Esitlikte goriilen menba ve mansap u¢ noktalarindaki rolatif debiler q(O)/ang’ q(1)/q"“’9; (16) denklemi

yardimiyla hesaplanir.
Sabit Debi Metodu (CDM: Constant Discharge Method)

(20)
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Valiantzas (1998), enerji ¢izgisi egimi metoduna (Wu ve Gitlin, 1974), dayanarak, boru boyunca siirekli
ve sabit ¢1kis akimi dagilimi kabuliinden hareketle analitik bir yaklagim gelistirmistir (Constant Discharge Method,
CDM).

Sabit debi metodunda, lateralin mansap u¢ noktasindan itibaren herhangi bir X mesafedeki béliimiinden

gecen toplam debi, QM) , lateral girisindeki toplam debiye (Qin) bagl olarak r6latif mesafenin lineer azalan bir
fonksiyonudur.

Q(X)=Q, (x/L) 21)

Enerjinin korunumu prensibinden hareketle, lateral mansap u¢ noktasindan itibaren herhangi bir x
mesafesindeki basing yiikii, H(X) i¢in asagidaki denklem elde edilmektedir.

H(X)=H, + HfLKETH— 12}+%(5‘X)
(m+1) (m+2) 22)

Denklemde; Hav, ortalama basing yiikii; HfO, ayni ¢ap ve uzunluk degerlerine sahip damlaticisiz diiz bir borudaki
toplam siirtiinme kaybidir.
UC iiniformluk katsayisi i¢in asagidaki denklem verilmektedir.

H, 2 H..s L 27"
1—0.798L fo - - (s,L)
H, | @2m+3)(m+2)° (m+2)(m+3) 12

uc= (23)

Degisken debi metodu (VDM: Variable Discharge Method)

Valiantzas (1998) g¢alismasinin ikinci safhasinda, lateral boyunca yere bagl degisken debi temel
yaklagimindan hareketle, sabit debi yaklagimindan hareketle elde edilen analitik denklemlerin gelistirildigi
alternatif analitik bir metot ortaya koymustur (Variable Discharge Method, VDM).

Degisken debi metoduna gore, lateral debisinin rolatif mesafe ile degisimi asagidaki giic formu denklemi
ile verilmektedir.

Q) =Q, (x/ L)’ (24)

Denklemde; ¢ | degisken debi dagilimin karakterize eden iistel bir degerdir. Degisken debi metodu igin, sabit

m, =am degeri gegerlidir.

debi metodu ile verilen tiim analitik denklemlerde m yerine, diizeltilmis
Ardisik Yaklagimlar Metodu (SAM: Successive Approximation Method)

Vallesquino ve Luque-Escamilla (2001), lateral hidrolik hesaplamalar1 igin, ardisik yaklasimlar
yontemine dayanan alternatif bir metot (Successive-Approximations Method, SAM) ortaya koymuslardir.

Bu metoda gore, mansaptan menba istikametine dogru her bir damlaticidan hasil olan degisken ¢ikis akimi
ayrik formda gbz Oniine alinarak, Taylor polinom serisi formunda ifade edilmektedir.

Buna gore, lateral boyunca damlatici debisi dagilimi, gn igin, asagidaki bagint1 gecerlidir.

n(n+1)A +n(n+1)(2n+l) A+

0, =0, +NA, + 2

(25)
Bagintida; q0, mansap u¢ noktasindan itibaren ilk damlaticinin debisi, n, damlaticinin konumunu gésteren indis;
A1, A2, A3, ardisik damlaticilara ait debilerin farkini gosteren karakteristik diizeltme parametreleridir.

Lateral boyunca debi dagilimi, Qn i¢in, (25) denkleminden hareketle asagidaki denklem elde edilir.
Q. = (n+1)q, J{n(n;l)}Al +{n(n +1()3(n+2)}A2

2
{n(n +1i2(n + 2)}% ‘0
(26)
Laminer rejim halinde, toplam siirtinme kaybi i¢in, (27) denkleminden hareketle,
1280l
AH g = —U4 (N+1)
gzD
A A, (2N +3)A
{Qr +(N +2)|:q—0+ N |:—1+(N +3)(—2+—( 9 3]:|j|}
2 6 24 120
(27)
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ve tiirbiilansl rejim halinde,
AH :Z[fo(qo +Q )"+ + Sy + 7y + Sy +§N]
denklemleri elde edilmektedir.

_ 2 5
28) denkleminde; ¥ =8/7°9D" je hesaplanan sabit; @n+An w96 irbiilansly rejim hali igin toplam
diizeltme faktorleri olup, ilgili formiiller yardimiyla hesaplanmaktadir.

(28)

4. Ornek Uygulama

ol o 7 m3a-1
Problemin verileri: Ortalama damlatic1 debisi, Oy = 210" =5.555%107 m’s ; ortalama basing yiikii,

H,, = 7.2m; damlatict ara mesafesi, S =1.0M; lateral boru i¢ capi ve uzunlugu, D =14mm L =150m g,yyn
6, 2.1

kinematik viskozitesi ¥ =1.01x107M"S™ qamiatic1 debi iissii, y = 0.2, 0.5, 0.54 ve 1.0; iiniform lateral egimi, sO

=0.0,-0.02, -0.05 (yukar1 egim).

Bilinmeyen parametreler: 7 adet hidrolik hesap metoduna gore, projelendirme aralidi igerisinde rolatif

/H H,/H

girig basing yiikii [ Hin /Hy, ] degerlerine bagli olarak rolatif enerji kaybi [ in], Christiansen {iniformluk

katsay1si [UC ] ve rolatif artik debi [ Q/Qn ] degerlerindeki degisimin grafiksel olarak elde edilmesi.
5. Sonuglar ve Karsilastirmah Analiz

Bilinmeyen tasarim parametreleri, damlatici debi dssii, y = 1.0 ve verilen egim degerleri igin 5 metot
(FSM, DM, CDM, VDM, SAM) esas alinarak hesaplanmis, elde edilen sonuglar Sekil 2°de boyutsuz grafiklerle
gosterilmigtir (RKM ve SAA metotlarinin ¢éziimii y = 0.5 ile smurlt oldugundan, y = 1.0 i¢in yapilan bu

(H,,/H

karsilagtirmada s6z konusu metotlar yer almamaktadir). Sekil 2°de rélatif giris basing yiikii ) degerleri

(H¢/H;)

yatay eksende, buna tekabiil eden rolatif enerji kaybi , Christiansen liniformluk katsayis1 Ue) ve

rolatif artik lateral debisi @ /Qy) degerleri diisey eksende gosterilmektedir.

Sekil 2°den goriilecegi lizere y = 1.0 i¢in yapilan ¢oziimlemede, 5 metot arasinda FSM metodundan elde
edilen sonuglar diger 4 metodun (DM, CDM, VDM, SAM) sonuglarindan su yoniiyle farklidir. FSM metodunda,
rolatif enerji kaybi, Christiansen tiniformluk katsayist ve rolatif artik lateral debisi degerleri, rolatif giris basing
yiikiiniin projelendirme aralig1 icerisinde verilen degerleri ile degisirken, diger 4 metot (DM, CDM, VDM, SAM)

s0z konusu tasarim parametreleri [(Hin /Ha) , (H 7H,) , Ue) ] i¢in sabit degerler vermektedir. Diger taraftan
Sekil 2.a’dan goriilecegi iizere, artik lateral debisinin rolatif girig basing yiikii ile degisimi de ancak FSM
metodu ile elde edilebilmektedir.
FSM metodunda, verilen egim sartlari igin rolatif giris basing yiikiiniin projelendirme araligt

[A<(H,/H,)<B] , baglangi¢ ve smir sartlarina uygun olarak belirlenmistir. Sekil 2.c’de gosterildigi gibi, en
[A=10<(H,/H,)<B=119]

(A=136<H, /H,, <B=168)

.. o . .. s.=0.0 .. ..
uygun girig basing yiikii degerinin tayininde, ™ egim durumu igin
s, =—0.02 . . [A=10<(H,,/H,)<B=1.39] s, =—0.05

icin
projelendirme araliklari belirlenmistir.
Genel tasarim halinde, farkli egim sartlar1 ve damlatici debi {issii degerleri i¢in gerekli projelendirme

aralig1 degerlerinin, y = 1.0 i¢in hesaplanan degerlere oldukca yakin oldugu goriilmistiir. Karsilastirma testi
sonucunda, tim tasarim kombinasyonlari ve egim sartlarinda FSM metodu i¢in su genel sonug elde edilmektedir.

Giris basing yiikii oraninin degeri A’dan B’ye dogru arttikca [A<(H; /H,)<B] , toplam siirtlinme kayb1 ve artik
lateral debisi degerleri gittikce azalmakta buna mukabil {iniformluk katsayisinin degeri gittikce artmaktadir.

Sekil  2.a’dan; rolatif artik  lateral  debisi (Q/Qx) ; 5 =00
[A=10<(H,/H,)<B=119] projelendirme araliginda 0.2°den baslayip 0’a dogru azalan;
[A=1.0<(H; /H,)<B=139 projelendirme araliginda 0.44’den 0’a dogru azalan ve
(A=136<H,/H, <B=1.68)

av —

ve igin

egim sartt igin
s, =—0.02 ..
egim

sart1 igin S =-0.05

egim sart1 igin
almaktadir.

projelendirme araliginda 0.36’dan 0’a dogru azalan degerler

[A=L0<(H, /H,)<SB=119] | ictondirme
[A=1.0<(H, /H,)<B=139]

Sekil 2.b’den; Christiansen tniformluk katsayist

s, =—0.02

araliginda 0.80’den 0.94’e¢ dogru artan; egim sart1 icin
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projelendirme  araliginda  0.56’dan  0.84’¢  dogru  artan ve
(A=136<H,/H, <B=168)

egim sarti  igin
projelendirme araliginda 0.56’dan 0.69’a dogru artan degerler almaktadir.

Benzer halde Sekil 2.c’den; rolatif enerji  kaybi (Hf/H‘”), 5 =00

[A=10<(H,/H,)<B=1.19] projelendirme araliginda 0.34’den 0.22’ye dogru azalan;
(A=136<H,/H, <B=168)

egim sarti i¢in
S =-0.02 egim sarti
igin projelendirme araliginda 0.24’den 0.12°ye dogru azalan degerler
almaktadir. Buna gore tiim tasarim kombinasyonlari i¢in projelendirme aralig1 igerisinde en uygun giris basing
yukiinlin degeri, artik lateral debisi ve toplam siirtinme kayiplarinin minimum; buna mukabil {iniformluk

katsayisinin maksimum oldugu (Hiy /H,, =B) siir degerlerinde elde edilebilmektedir.

Sekil 2.b ve 2.c’den goriilecegi iizere 5 =00 egim durumu igin, (Hi, /H,) , (H; /H) , Ue) tasarim
parametrelerinin belirlenmesinde, FSM, DM, CDM ve VDM metotlar1 birbirine yakin sonuglar verirken, SAM
metodu bunlardan ¢ok farkli sonuglar vermektedir.

0.5 -
z 0.4 1
3 <
g — 0.3 ~ \
5 O
=< \\
E 0.2 A AN
= . A
i) AN
o \ *
o 0.1 A \

X
0.0 . >
1 1.5 2 2.5
(@)

——————— FSM(a)
= FSM(b)
= % | = FSM(c)
= o DM(a)
X A DM(b)
] O DM(c)
g o + CDM(@)
=) x  CDM(b)
f:) A X  CDM(c)
3 - VDM(@a)
& - -  VDM(b)
@ —  VDM(©)
S e SAM@)

0.5 t t t A SAM(b)
1 15 2 2.5 = SAM()
(b)
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(Hi/Hin)

Rélatif Strtinme Kaybi

1.5 ©) 2 2.5

Rolatif Giris Basing Yuku (Hin/Hay)

Sekil 2. FSM, DM, CDM, VDM ve SAM metotlarma gore: sO = 0.0, -0.02, -0.05; y = 1.0 i¢in tasarim
parametrelerinin rolatif girig basing yiikii ile degisimi

6. Sonug ve Degerlendirmeler
Calismada elde edilen sonuglar agagidaki gibi 6zetlenebilir:

1. Karsilagtirma testi sonucunda, tasarim parametrelerinin belirlenmesinde damlatict debi issiiniin

y=10 degeri icin; ileri adim metodu, diferansiyel metot ve degisken debi metodu birbiri ile uyumlu sonuglar
verirken; sabit debi metodu ve ardigik yaklasimlar metodundan elde edilen sonuglar diger metotlarin sonuglarmdan
onemli mertebede sapmaktadir. Ardigik yaklagimlar metodu diger metotlara kiyasla, giris basing yiikii ve toplam
stirtiinme kaybi i¢in daha yiiksek degerler verirken, iiniformluk katsayisi i¢in daha diisiik deger vermektedir.

2. Tim tasarim kombinasyonlar1 ve egim sartlar1 gz oniline alindiginda, tGniformluk katsayisi icin

diferansiyel metot diger metotlara gore en yiiksek degerleri vermektedir. Damlatici debi iissiiniin y=10 degeri
icin Runge-Kutta niimerik metodundan elde edilen sonuglar tiniformluk katsayisinin baslangictaki sinirli bir
araliginda diferansiyel metodun sonuclart ile uyum saglarken; basitlestirilmis analitik yaklasim {iniformluk
katsayisinin tim degerleri i¢in diferansiyel metotla uyumlu sonuglar vermektedir.

3. Ileri-adim metodunda, rélatif siirtiinme kaybi, Christiansen iiniformluk katsay1s1 ve rélatif artik lateral
debisi degerleri, rolatif giris basing yiikiiniin projelendirme araligi i¢erisinde verilen degerleri ile degisirken; diger
metotlarda s6z konusu tasarim parametreleri rolatif giris basing yiikiiniin sabit bir degerine bagli olarak
degismektedir.

4. Projelendirme aralig1 igerisinde en uygun giris basing yiikiiniin, artik lateral debisi ve toplam siirtiinme
kayiplarinin minimum diizeyde; buna mukabil tiniformluk katsayisinin maksimum diizeyde oldugu, maksimum
girig basing yiikii sinir degerinde elde edilmektedir. Sayet, giris basing yiikii i¢in maksimum girig basing ytikii sinr
degerinden biiyiik olacak sekilde bir deger segilirse, lateral boyunca tiim damlatici debileri toplaminin lateral giris
debisinden biiyiik bir degerde ¢ikacagi anlasilir ki bu durum, lateralin mansap u¢ noktasindan menba istikametine
dogru bir geri akimin olustugunu gostermektedir.

5. Cap ve uzunluk degerlerinin sabit olmas1 halinde lateral egiminin tasarim parametreleri tizerindeki
etkisini arastirmak iizere yapilan analiz sonucunda su sonuca varilmaktadir. Egimsiz bir lateral boruya nazaran,
yukar1 egim degeri arttik¢a giris basing yiikii degeri artarken, iiniformluk katsayisinin degeri azalmakta; buna
mukabil agsag1 egim degeri arttik¢a giris basing yiikii degeri azalirken, tiniformluk katsayisinin degeri artmaktadir.

6. Lateral c¢ap1, uzunlugu ve egimi degerlerinden bagimsiz olarak, damlatici debi {isstiniin tiniformluk
katsayis1 iizerindeki etkisini belirlemek iizere yapilan analiz sonucunda, damlatici debi {issiiniin kiigiik
degerlerinde liniformluk katsayis1 yiiksek degerler alirken, biiyiik degerlerinde iiniformluk katsayisinin daha kiiciik
degerler aldig1 belirlenmistir. Buradan hareketle, damlatici debi iissii ile tiniformluk katsayis1 arasinda ters bir iligki
oldugu sonucuna varilmaktadir.
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Oz

Gelisen teknolojinin beraberinde getirdigi yeni talepler malzemelerin daha saglam, daha ucuz ve daha hafif gibi
ozelliklere sahip olmasi ihtiyacini dogurmustur. Bu ihtiya¢ dogrultusunda yapilan galismalar sonucunda ortaya
¢ikan kompozit malzemeler siirekli bir gelisim halindedir. Malzemelerin ve iiriinlerin optimizasyonu i¢in gerekli
olan zaman ve maliyet tasarrufunun kritik oldugu bu dénemde en sik kullanilan metotlardan biri sonlu elemanlar
analizidir. Bu ¢alismada Digimat programi kullanilarak POM (Polioksimetilen) malzemesinin %20, %25 ve %30
cam elyaf katki oranlarina gore karakterizasyonun ve bu malzemeden iretilen sizdirmazlik elemanlarinin
davraniginin incelenmesi amaglanmaktadir. Bu amag dogrultusunda ilk olarak yataklama elemanlarinin MSC Marc
ile nonlineer analizleri gergeklestirilmekte, Moldex3D ile plastik enjeksiyon sirasindaki fiber yonelimlerinin tespit
edilerek analizlerin ¢iktilar1 Digimat ortaminda map edilmektedir. Ardindan farkli fiber oranlarina sahip
malzemeler modellenerek analiz sonucu i¢ gerilim ve temas kuvvetleri agisindan degerlendirilip
karsilagtirllmaktadir. Calisma boyunca sonlu elemanlar metodunun kullanilmasi gereksiz prototip ve malzeme
imalatinin 6niine gegereck zaman ve maliyet agisindan tasarruf saglamaktadir. Bu c¢alisma 1s1ginda elde edilen
veriler kompozit malzemelerin modellenmesi ve karakterize edilmesi i¢in farkli takviye unsur ve oranlari
kullanilarak ¢aligma kosullarina uygun iiriin iretimi i¢in ciddi avantaj saglayacaktir.

Anahtar Kelimeler: POM, Cam Elyaf, Kompozit Malzeme, Digimat, Sonlu Elemanlar Analizi

Characterization of POM Material with Different Glass Fiber Ratios with
Digimat and Investigation of its Effect on the Guide Element

Abstract

The new demands brought by the developing technology have led to the need for more robust, cheaper, and lighter
materials. Composite materials, which emerged as a result of the studies carried out in line with this need, are in
continuous development. Finite element analysis is one of the most frequently used methods in this period when
time and cost savings are critical for the optimization of materials and products. This study aims to examine the
characterization of POM (Polyoxymethylene) material according to 20%, 25%, and 30% glass fiber additive ratios
and the behavior of sealing elements produced from this material by using the Digimat program. For this purpose,
firstly, nonlinear analyzes of the bearing elements are performed with MSC Marc, the fiber orientations during
plastic injection are determined with Moldex3D and the outputs of the analyzes are mapped in the Digimat
environment. Then, materials with different fiber ratios are modeled and the analysis result is evaluated and
compared in terms of internal tension and contact forces. The use of the finite element method throughout the
study prevents unnecessary prototype and material production and saves time and cost. The data obtained in light
of this study will provide a serious advantage for the production of products suitable for working conditions by
using different reinforcement elements and ratios for modeling and characterizing composite materials.

Keywords: POM, Glass Fiber, Composite Material, Digimat, Finite Element Analysis.
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1. Giris

Gilintimiizde hidrolik ve pnomatik sistemlerin ¢ogunda kullanilan sizdirmazlik elemani olan yataklama
elemanlarinin iiretimi icin siklikla POM malzemeler kullanilmaktadir. Cam elyaf takviyeli POM kompozit
malzemeler, iyi mekanik o6zellikler, kolay islenebilirlik, hafiflik ve daha diisiik maliyetli olma gibi 6zelliklere
sahiptir (Kastag, 2022).

Parcanin sekli, enjeksiyon parametreleri ve isleme kosulu, malzemenin nihai mekanik &zellikleri ve
dolayisiyla parga ilizerinde biiyiik bir etkiye sahiptir. Bu nedenle ¢aligmanin nihai iiriin iizerinde malzemenin
davranisinin modellenmesi kritiktir.

Ozellikle POM malzemelerin mekanik dzelliklerini en ¢ok etkileyen faktdrlerden biri igerisindeki takviye
orani ve fiber oryantasyonudur. Bu etkiyi incelemek i¢cin MSC Marc, Moldex3D ve Digimat ¢oziiciileri
kullanmaktir,. MSC Marc iiriiniin ¢alisma kosullarindaki davranisini simiile etmek igin kullanilir. Fiber
oryantasyonu, enjeksiyon siirecini simiile eden 6zel Moldex3D yazilimi kullanilarak elde edilir. Fiberler daha
sonra disa aktarilir ve Digimat ile yapisal modele eslenir. Haritalamanin yani sira Digimat yazilimi ile SFRC i¢in
malzeme modeli olusturabilirsiniz. MSC Marc ve Moldex3D arasinda, bir arayiliz yazilimi olarak Digimat
kullanilarak birlestirilmis analizler gegmiste gerceklestirilmistir (Kurkin et al., 2017; Adam & Assaker, 2014;
Pedro, 2017; Lindhult & Ljungberg, 2015.; G. Soni et al.,2014). Sayisal incelemede fiber oryantasyonunu dikkate
almanin O6nemini ve dikkate alinmadigi takdirde hatanin ne kadar oldugunu gosterirler. Dogru tasarim
simiilasyonlar1 igin anizotropik ¢ok 6l¢ekli malzeme modelleri, tasarim siiresini dogrulamak ve azaltmak igin
endiistri i¢in bir zorunluluktur. Bu nedenle, bu ii¢ yazilim paketi arasinda net bir is akigi gereklidir. Ayrica gergekei
olmayan tahminlere yol agabilecek parametrelerin de incelenmesi gerekmektedir. Bu parametrelerden biri hem
MSC Marc hem de Moldex3D'deki agin boyutudur.

2. Materyal ve Metod

Silindirin es merkezli ¢aligmasini saglayarak sizdirmazlik gérevi yapan elemanlarin ezilmesini dnleyen
ve giivenli bir ¢alisma ortami olusturan yataklama elemanlari, yiik altinda diisitk deformasyon ve 6l¢ii kaybina
sahip yiiksek mukavemetli kompozit malzemeden imal edilmektedirler. SFRC malzemeden yapilan yataklama
elemanlarmin davranigmin modellenmesi ve dngoriilmesi, maksimum verim elde etmek icin sonlu elemanlar
analizi kullanilmaktadir. Sonlu elemanlar analizi bir miihendislik yaklasimi olup sonuglarinin deneysel
¢aligmalarla dogrulanmasi gerekmektedir. Bu ¢alismada ilk etapta sonlu elemanlar analizi ile %20, %25 ve %30
cam elyaf katki oranlarna sahip malzemeli {irlinlerin sonlu elemanlar analizi yapilmistir. Ardindan optimum
sonucu veren malzeme i¢in prototip iiriin yapip tizerinde saha testleri gergeklestirilmistir.

Sekil 1. Yataklama Elemanlar Silindirdeki Gériiniimii
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2.1. Sonlu Elemanlar Analizi

Sizdirmazlik elemanlar1 ¢esitli uygulama alanlarinda farklt ve =zorlayici calisma kosullar1 altinda
calismaktadir. Agir hizmet sektoriine hizmet eden yataklama elemanlarmin iizerine gelen yiikleri tasityabilmesi ve
metal metal temasini engellemesi gerekmektedir. Bu nedenle sonlu elemanlar analizi yapmak sistemin saglikli
calismasi icin gerekli olan yataklama elemanlarinin dogru tasarimi ve optimizasyonu i¢in kritiktir. Bu ¢aligmada
ilk etapta tiriiniin MSC Marc programi kullanarak nonlineer analizi ve Moldex3D programi ile plastik enjeksiyon
prosesinin simiilasyonu yapilmustir. Iki ayr1 programdan elde edilen ¢iktilar malzeme modellemesi icin DIGIMAT
programina aktarilmis ve MSC Marc-Digimat arayiizii ile tekrar analiz kosturulmustur.

2.1.1. Nonlineer Analiz

Cam elyaf katkili POM (Polioksimetilen) malzeme nonlineer davranis sergilemektedir. igerisindeki farkli
elyaf oranlarina gore degiskenlik gosteren mekanik dzellikleri gézlemleyebilmek ve karsilastirmak adina MSC
Marc program ile tasarimi yapilan iiriin, ¢alisma kosullarina gore simule edilmektedir. Bu ¢alismada, is makineleri,
vingler, enjeksiyon tezgahlari, tarim makineleri, hafif ve orta hizmet silindirleri kullanima uygun olan ve cam elyaf
katkilt POM malzemeden {iretilen K68 yataklama elemani referans iiriin olarak alinmistir. Misteri talepleri ve test
merkezinde gerceklesen testler sonucunda belirlenen pozisyon ve yiikleme durumlarindaki nonlineer analizlerin
sonuglart Egsdeger Cauchy Stress ve Contact Stress’lerin dagilimi olarak incelenmektedir.

Tablo 1. Simwr sartlar

Simir Sartlan Ozellikleri

%20 Cam Elyaf Katkili POM
Malzeme %25 Cam Elyaf Katkili POM
%30 Cam Elyaf Katkili POM

Sicaklik 25°C

Deplasman 0.2 mm

Bu ¢alismada iiriiniin nominal ¢alisma parametrelerden elde edilen veriler yiikkleme ve sinir sartlar1 olarak
kullanilmistir. Analiz kurgusu ilk adim yataklama elemanin kanala oturtulmasi, ikinci adim milin {irliniin i¢ine
gegmesi ile montaj isleminin tamamlanmasi ve son adim olarak da mile dik yonlii kuvvet verilmesi seklindedir.

2.1.2. Plastik Enjeksiyon Uretim Analizi

Enjeksiyon kaliplama iglemini simule etmek ig¢in kullanilan Moldex3D programi, {iriin tasariminin ve
iretilebilirliginin optimize edilmesi ve {iriin kalitesini en iist diizeye ¢ikarilmasi amaciyla kullanilmaktadir. Bu
calismada, iistiin performansli yataklama elemanlarinin iiretimi i¢in cam elyaf katkili POM malzeme yapisindan
kaynakli kritik olan tiretim prosesinin iiriin tizerindeki etkisini gormek ve optimize etmek amaglanmigtir. Plastik
enjeksiyon makinasindan alinan proses parametrelerine gore yapilan ¢alismanin sonucunda iiriiniin dolum durumu,
¢ekinti degeri ve yarattig1 basing degeri gosterilecektir. Ayrica proses sonucunda meydana gelen fiber yonelimleri
ve mesh yapisi Digimat Programinda girdi olarak kullanilmak tizere MSC Marc programina uygun olacak sekilde
disar1 aktarilacaktir.

2.1.3. Malzeme Modelleme

Gerek igerisindeki malzeme kiitiiphanesini kullanarak gerekse deneysel sonuglarin aktarilmasi ile olusturulan
malzeme modellerinin kesintisiz olarak ve herhangi ek bir ara yiize ihtiya¢ kullanilmadan MSC Software sonlu
eleman ¢oziiclilerine ve diger yazilimlara aktarilmasi i¢in Digimat kullanilmaktadir. Calismada Digimat MSC
Software ve Moldex 3D programindan gelen datalar kullanilarak kompozit malzeme elde edilmistir. Modelleme
calismalar1 yapilirken Marc implict ¢oziiciisii ile birlikte kullanilmak i¢in Digimat yeteneklerini ve gerekli
kiitiiphaneleri i¢ceren Digimat-CAE modiili kullanilmistir.

2.2. Saha Testleri
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Statik & Dinamik Yataklama Eleman1 Test Cihazi ile test {irlinlerinin silindirler igerisindeki ¢alisma kosullari
yaratilip Uriinlerin yiik tasima kabiliyetleri ve yiike bagli olusan deplasman miktart arasindaki iligki
incelenmektedir.

2.2.1 Statik test

Bir yataklama elemaninin uygun 6lgtilerde islenmis diiz veya dairesel kanal aparatlari i¢ine yerlestirilip hedeflenen
test sicakligina ulagildiktan sonra sabit bir atig hizina sahip olan kuvvet uygulanmasi ve bu kuvvet sonucunda
olusan deplasman (ezilme miktar1) arasinda bir iliski kurulmasi ile yapilir.

Sekil 2. Statik Test Aparati
2.2.1 Dinamik Test

Dinamik test yontemi, test edilecek yataklama elemaninin bir test silindirinin piston ve bogaz yataklama
kanallarina takilmasinin ardindan test silindirinin radyal bir yiik altinda ileri ve geri siirekli hareket etmesiyle
gerceklestirilir. Bu yontem sicaklik, yaglama ve asinma gibi etkilerin de test kosullarina eklenmesi ile {irliniin saha
sartlarina daha yakin bir performansta test edilmesini saglar.

Sekil 3. Dinamik Test Cihazi
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3. Sonuclar

3.1. Sonlu Elemanlar Analiz Sonuglar:

Yataklama elemaninin maksimum Egdeger Cauchy Gerilme ve Kontak Gerilme degerleri tabloda verilmistir.

Tablo 2. Analiz sonuglart

Program Degiskenler Durum-1 Durum-2 Durum-3
Moldex3D Yolluk
Digimat Malzeme %20 Cam Elyaf %25 Cam Elyaf %30 Cam Elyaf
Sonuclar
Esdeger_Cauchy Ref. 10% 12%
Gerilme
Deplasman | Kontak Gerilme Ref. 2% -2%
Kuvvet Ref. 5% 1%

Esdeger Cauchy Gerilme, yataklama elemaninin i¢ gerilmesinin incelenmesi ve karsilagtirilmasinda

kullanilmaktadir.

Cqavalert of Cauchy SRress

%
 VANAYAYAT
o TANAYLYAY: -
o AR

Equvalert of Cauchy Stress

Mevcut Model

Optimum Model

Sekil 4. Esdeger Cauchy Gerilmesi

Kontak Gerilme yataklama elemaninin aginma durumunun incelenmesinde kullanilmaktadir.
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Mevcut Model Optimum Model
Sekil 4. Kontak Gerilmesi
3.2. Test Sonuclari

Yataklama elemanmimn 0,2 mm ezilmesi sonucunda iiriin iizerinde olusan yiikler asagidaki grafikte
belirtilmistir.

Kuvvet & Ezilme Grafigi

Kuvvet

Ezilme Miktari
Moldex & Digimat & MARC - Standart K68

Test Cihazi - Standart K68

Sekil 5. Kuvvet-Ezilme Grafigi (Ref: Uriin Karsilastirma)

Sonlu elemanlar analiz sonucu ile test cihazindan elde edilen sonucun %92 oraninda tutarlilik gostermektedir.

37



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Kuvvet & Ezilme Grafigi

Kuvvet

Ezilme Miktari

Test Cihazi - Gelistirilmis Uriin Moldex & Digimat & MARC - Gelistirilmis Uriin

Sekil 6. Kuvvet-Ezilme Grafigi (Gelistirilmis Uriin Karsilastirma)

Sonlu elemanlar analiz sonucu ile test cihazindan elde edilen sonucun %90 oraninda tutarlilik géstermektedir.

Kuvvet & Ezilme Grafigi

Kuvvet

0,00 0,05 0,10 0,15 0,20 0,25
Ezilme Miktari
—— Moldex & Digimat & MARC - Standart K68 —— Moldex & Digimat & MARC - Gelistirilmig Uriin

Sekil 7. Kuvvet-Ezilme Grafigi (Ref. Ve Gelistirilmis Uriin SEA Sonuglar: Karsilastirma)
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Kuvvet & Ezilme Grafigi

Kuvvet

0,00 0,05 0,10 0,15 0,20 0,25

Ezilme Miktar
—Test Cihazi - Standart K68 ——Test Cihazi - Gelistirilmis Uriin

Sekil 8. Kuvvet-Ezilme Grafigi (Ref. ve Gelistirilmis Uriin Test Sonuclart Karsilastirma)

Standart {iriin ile iyilestirilmis Girliniin bilgisayar destekli analiz programlarina gore sonuglari ve test cihazi ile
gercgeklestirilen testlerden elde edilen sonuglarin karsilagtirmali deger ve grafikleri Sekil 7 ve Sekil 8’de
sunulmustur

4. Bulgular ve Tartisma

Sonlu elemanlar analizinde 3 programin ve birbirini destekleyen kurgularin kullanilmasi bilimsel agidan
oldukg¢a 6nemlidir. Uriinlerin malzemeden imalata yasam déngiisiiniin simiile edilmesi gelisim ve optimizasyonun
stirekliligini saglamaktadir. Digimat programi kullanilarak malzeme modellenmesi deneysel ¢alismanin zaman ve
mali yliklinii azaltmigtir.

Yapilan ¢alisma sonucunda kompozit malzeme igerisindeki fiber oraninin mekanik 6zelliklerini dogrudan
etkiledigi gdzlemlenmistir. Kompozit malzemelerin mekanik 6zelliklerini incelemede malzeme igeriginin yant sira
artan fiber oraninin islenebilirligi ve iiretebilirligi olumsuz etkileyebilecegi gdzlemlenen sonuglardan biridir. Ote
yandan yapilan malzeme karakterizasyon g¢aligsmasi kompozit malzemenin ve plastik enjeksiyon prosesinin
optimizasyonu i¢in 11k tutmustur.
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Back-Step Computation Procedure for Evaluating Minor Pressure
Loss Components along Laterals Equipped with Integrated In-Line
and On-Line Emitters

Giirol Yildirim

Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.
Abstract

Accurate estimation of trickle (drip) irrigation lateral head losses requires calculation of the combined friction
losses due to pipe and emitters. Minor losses are caused by the protrusion of emitters barbs into the flow. In routine
design applications, assessment of total energy losses is usually carried out by assuming the hypothesis that minor
losses can be neglected. However, experimental studies have shown that these minor losses can become a
significant percentage of total energy losses, especially in the case of closely spaced emitters along the lateral line.
In this study first, simple mathematical expressions for computing three energy loss components -minor friction
losses through the path of an integrated in-line emitter, the local pressure losses due to emitter connections, and
the major friction losses along the pipe- are deduced based on the backward stepwise procedure. These expressions
are quickly implemented in a simple Excel spreadsheet, to rapidly evaluate the relative contribution of each energy
loss component to the amount of total energy losses. Hence, an approximate combination formulation is finally
proposed to evaluate total energy drop at the end of the lateral line. For practical purpose, two design figures were
also prepared to demonstrate the variation of total friction losses (due to pipe and emitters) with emitter local
losses, and the variation of pipe friction losses with emitter minor friction losses, regarding two kinds of the
integrated in-line emitters with varying spacing. Comparison test covering two design applications for different
kinds of integrated in-line and on-line emitters revealed that, the present mathematical model is simple, practical,
but sufficiently accurate in all design cases examined, in comparison with the alternative procedures available in
the literature.

Keywords: Water pipelines, in-line and on-line emitters, friction, analysis, minor loss, emitter barb connection,
steady-state pipe flow, hydraulic networks, turbulent flow, friction coefficient, Reynolds number, flow regime,
design criteria, pressure profiles, hydraulic-grade line (HGL), energy-grade line (EGL).
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1. Introduction

In a trickle irrigation system, water is distributed through small dissipating devices called emitters
installed on polyethylene pipes called laterals [1-4, 6, 7, 9, 10, 12-15]. Lateral pipeline is a hydraulic structure
whose design is limited by the inlet pressure head and water application uniformity that is affected by the total
energy losses, the field topography as well as the emitter hydraulic characteristics [5, 8, 16-25].

The insertion of emitters along a trickle lateral modifies the flow streamlines, inducing local turbulence
that results in additional local pressure losses, sometimes called minor losses, rather than the pipe friction losses
[26, 27].

To accurately evaluate total energy losses in the laterals, these minor losses due to the protrusion of emitter
connections in the pipe wall that must be added to the friction losses occurring in the pipe [8]. On-line emitters
cause the contraction and subsequent enlargement of flow streamlines due to the protrusion of emitter bars into
the flow [17, 24, 26]. The introduction of integrated in-line emitters determines the contraction of the flow paths
at the upstream connection between the emitters and the lateral pipe, and the expansion of the flow paths
immediately downstream from the emitters; because the emitters usually have a smaller diameter than the pipe, an
additional minor friction losses must be considered [12-14]. Fig. 1 presents the lateral-emitter configuration for
(a): integrated in-line and (b): on-line emitters.

In the past, numerous researches have been done on the hydraulic analysis of trickle irrigation pipeline

networks [27-41]. As a matter of fact, a significant amount of these researches [5, 28-30, 31-35] do not taken into
account the effect of local losses in the design procedure, although the importance of minor losses has been recently
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presented in the experimental analysis [3, 4, 6, 7, 9, 10, 12-14, 19, 21], and the alternative analytical and numerical
approaches [6, 8, 11, 24, 26, 31].

Recently, the author [17, 24, 26] presented simple analytical procedures for hydraulic design of trickle
laterals which takes into consideration the effect of minor head losses, expressing the amount of minor head losses
as a fraction of the kinetic head, as well as the effect of the emitter outflow non-uniformity, the kinetic head change,
the number of emitters, and different uniform line slopes, on the lateral hydraulic computations.

For any desired uniformity level, the analytical procedure gives one an opportunity to evaluate the
influence of local energy loss on the pipe geometric characteristics (pipe size and length) and on the corresponding
hydraulic variables (operating inlet and downstream end pressure heads and total energy losses) [18, 22, 23]. This
study showed that in some design cases, neglecting minor losses may lead to erroneous designs of the lateral
diameter and length [42-49].

This paper offers a simple mathematical model based on the stepwise procedure to accurately determine
the pressure head profile along the lateral line. Essentially, the present work extends the earlier discussion [19] on
the experimental analysis of local pressure losses along micro-irrigation laterals [12] to a systematic comparison
of different kinds of in-line/on-line emitters and various design configurations. In this chapter, relative
contributions of each of the energy loss components are calculated with the appropriate mathematical equation.
This procedure is used to evaluate two examples with different types of in-line and on-line emitters; thus the results
are compared with those of obtained from the recent analytical and experimental procedures, for all performed
simulations

A — A = # V

| V. |
\% g 3

Di Dg Di
- — 1

v — e 4
@ ’ >

A Vi A *V
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Figure 1: Flow variation (sudden contraction and subsequent enlargement) and

hydraulic variables along lateral with (a): Integrated in-line emitter, (b): on-line emitter

2.1. Minor Frictional Pressure Losses through Integrated In-line Emitters

Integrated in-line emitters cause contraction of the flow path at the upstream connection between the
emitter and the lateral pipe, and the expansion of the flow path immediately downstream from the emitter; thus,
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an additional minor friction loss must be considered [12]. Integrated in-line emitters have an inner diameter, Dg
(m), smaller than the pipe inner diameter, D; (m), and therefore the emitters determine higher frictional head losses
due to the lower cross-section area. Emitter friction loss per unit emitter length, J. (m/m), can also be evaluated by
the Darcy-Weisbach friction formula:

=D 20 )

where fe = friction coefficient for the emitter flow; Dg = internal diameter of an integrated in-line emitter (m); Vg
= flow velocity inside the emitter (ms™); and g = acceleration due to gravity (ms).

The emitter friction loss for an individual in-line emitter, hse), can be evaluated from
ht(e) = Jelyg )
where Lg = longitudinal length of integrated in-line emitter (m).

Using the continuity equation, the following relationships between the pipe and the emitter flow velocity,
V and Vy, can then be written:

2
_y|Pi] _40Q
Y _V{DQJ _”Dgz ©

where V = flow velocity in the pipe section (ms™*); Di= lateral pipe inner diameter (m); and Q = total lateral inflow
rate (m3s?).

For the interval of the Reynolds number, R, 2,000<R<36,000 for the friction coefficient, f, the Blasius
equation is practically used to determine friction losses. For a large range of the Reynolds number, for the flow
into the integrated in-line emitter the following expression can be used:

-0.25
fo = cR, )
where ¢ = coefficient which can be assumed to equal 0.316 and 0.302 [3].
Ry = Reynolds number for the flow occurred in the integrated in-line emitter which can be expressed as:
- VeDy - 4 g (5)
g v v Dg

where v = kinematic viscosity of water at standard temperature, v =1.01x10"° m2s.

Substituting eq. (5) into eq. (4), then yields

0.25 0.25
f = c(ﬂj (&j ©6)
4 Q

Substituting egs. (3) and (6) into eq. (1) then, into eq. (2), the friction loss in the integrated in-line emitter along
its length, Lg, can then be written:
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Q1.75
hf(e) =K : '-g (7)
Dg475
where
0.25 1.75
K=cZ_[24 ®)
29 \r

The value of the constant K is equal to 7.792 10-*if the friction coefficient is determined by using the classical
Blasius formula (c = 0.316) and 7.447 10 if the value of c is taken into account 0.302 [3].

Assuming N emitters are located from the lateral inlet (1% emitter) toward to the downstream closed end
(N™ emitter), using eq. (7), then the sum of friction losses along the integrated in-line emitters, AH,,, can be

practically evaluated from the following mathematical expression

= Q LA 175
—_ —_ n M
AH) = ZI:AHf(e)i =KL, D% ZI:' (9)
1= g =

where Q, = nominal flow rate which assumed equal to the average value of the emitter outflow (Qa) (Lh™); and i
= an integer represents consecutive order of emitters. It can be assumed, the nominal flow rate is approximately
equal to the average emitter outflow when the maximum allowable difference in the extreme pressure heads along
the lateral is approximated by 10% of the average pressure head [14].

2.2. Local Pressure Losses for Integrated In-Line and On-Line
Emitter Barb Coonections

The introduction of an integrated in-line or on-line emitter in a lateral causes a local pressure loss, A, due

to the obstruction of emitter connection into the pipe flow, that can be expressed as an “a” fraction of the kinetic
head [8]:

A= —=a———5 (10)

where o = local loss coefficient due to both the contraction and the subsequent enlargement, can then be expressed
as a function of the diameter ratio Di/Dg, Which is experimentally verified by the following expression [12, 13]:

D 17.83
a = 0.056 [D—'J -1 (11)
g

The amount of local pressure losses due to the presence of integrated in-line and/or on-line emitters, AH,
, can be easily determined by the following mathematical expression (Provenzano et al. 2005):
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2.3. Major Frictional Pressure Losses along Lateral
with Integrated In-Line and On-Line Emitters
Assuming integrated in-line emitters are located at an equal spacing, S then, sum of the friction losses
along the length of the straight pipe sections between the consecutive in-line emitters, (S —Lg), can be computed
from the following expression:

i=N-1 Q 1.75 i=N-1

=2 | D475(S L)Zn”‘*‘ (13)

For the lateral with on-line emitters, eqg. (13) simply transforms to the following:

i=N-1 Ql75|Nl

Hy ) z AH; gy =KS Tz D™ Z i (14)

2.4. Total Energy (Pressure) Losses along Lateral with
Integrated In-Line and On-Line Emitters

Finally, the amount of total energy losses, AH., is a function of three energy loss components given by
egs. (9), (12) and (13) or (14), finally, it can be approximated by the following expression:

i=N
AHT = ZAHTi = AH fi + AH“ = AH f(p)i +AHf(e)i +AH“ (15)
i=1
3. Computational Applications
3.1. For Integrated In-Line Emitter Model

In order to check the practicability of the present procedure, we will try to compute total energy loss
components using the simple formulations deduced in here. An Excel spreadsheet was set up to carry out the
hydraulic calculations.

The analysis was realized by considering two types of integrated in-line emitters B and C which are
characterized by the following experimental relationships given by [12] (please, see Table 1):

B model (Siplast Tandom): QunYy = 0.612 Hm) 2% (16)

C model (Rainbird Goccialin): Qqn™) = 0.667 Hm) ©51 17)
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Table 1. Values of hydraulic characteristics for two kinds of the integrated in-line emitter models (B: Siplast
Tandem and C: Rainbird Gocecialin) for different emitter spacing (S) ranging from 0.2 to 1.5 m, and various
number of emitters (N) for the desired (fixed) level of the Christiansen’s uniformity coefficient, UC = 97%, for
the present mathematical model.

B model (Siplast Tandem) C model (Rainbird Goccialin)
(a=0.671) (a=0.297)
Qin Qin
i=N Hin i=N Hin
=20 = G
S N Le i=1 = Hw) AH, N Le i=1 = Hw AH,
Ha Ha)

m < m (@ () m m ()  m (L) (M) (m  (m)

02 172 342 356.2 10.231 8.165 2.066 188 37.4 402.3  10.154 8.305 1.849

04 153 608 3164 10.203 8.165 2.038 159 63.2 339.3 10.094 8305 1.789

06 140 834 2893 10.190 8.165 2025 143 85.2 3054  10.111 8.305 1.806

08 130 1032 2684 10.169 8.165 2004 132 1048 282.1 10.134 8.305 1.829

1.0 123 1220 2541 10.191 8.165 2026 123 1220 2627 10.125 8.305 1.820

15 109 162.0 2249 10166 8165 2001 109 1620 2333 10.174 8.305 1.869

N = total number of emitters along the lateral line; L. = (N-1) S = length of lateral between the first and last emitters; Qin
= total inflow rate which is accumulated by all emitter outflows; Hin = Hy = pressure head at the first emitter in lateral

inlet; Hpy = downstream closed end pressure head at the last emitter and; AH = the amount of total energy (head) losses
which consist of total friction and local losses.

46



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

The analysis was conducted with the zero slope case and with standard commercial emitter spacing of
0.2,0.4,0.6,0.8, 1.0, and 1.5 m. The specifications of both the emitter models are as follows:

For the B model:

Nominal flow rate of the emitter outflow (as indicated by the manufacturer), Q, = 2.1 Lh' = 5.833 107
mS3s1; nominal diameter and inner diameter of the lateral pipe, ND = 16 mm and D; = 13.29 mm, respectively;
inner diameter and longitudinal length of the integrated in-line emitter, Dy = 11.51 mm and Ly = 67.89 mm,
respectively. The ratio of the pipe diameter to the emitter diameter, Di/Dgy = 1.155 and therefore the local loss
coefficient from eq. (11):

17.83
a=0056 222} _1]_0671
11.51

For the C model:
Qn=22Lh1=6.111 107" m3%; ND = 16 mm, D; = 13.46 mm; Dgq = 12.14 mm; and Lq = 68.22 mm.

Di/Dg = 1.108 and finally the local loss coefficient from Eq. (11), o = 0.297, is computed. Further discussion on
results for this application will be presented in the following section “Results and Discussion”.

3.2. For On-Line Emitter Model

Determine the percentages of total energy losses for two on-line emitter models (labyrinth and orifice-
vortex) by considering the horizontal trickle lateral, for the following input parameters. Inner diameter of the
lateral pipe is 13.4 mm (D; = 13.4 mm), the emitter spacing, S, values are 0.3, 0.6, 0.9 and 1.2 m, respectively,
and the overall Christiansen uniformity coefficient of the system is Uc = 98.8%.

The following relationships with local loss coefficients, a, for both emitter models are experimentally
verified as follows [10]:

Labyrinth on-line emitter model [Qav = 4.1 Lh?; Hay=9.65 m; o= 0.34]:

Qun™y = 1.32 Hm) °° (18)

Orifice-vortex on-line emitter model [Qa = 4.2 Lh'%; Hay = 10.34 m; 0. = 0.67]:

Q(Lh'l) =1.65 H(m) 04 (19)

Detailed analysis of results and discussion on this application will be presented in the following section
“Results and Discussion”.

4. Implementation of Backward Stepwise Procedure

The numerical stepwise procedure in the backward form based on the present mathematical model can be
implemented for the data given in the present applications, starting from the downstream closed end (N emitter),
toward to the lateral inlet (1% emitter).

First, in accordance with the first application (for integrated in-line emitter model), the following
calculation steps are applied, respectively:

1. The outflow of the N™ emitter as a function of the corresponding pressure head, was assumed to equal
90% of that corresponding to the nominal discharge.
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The outflows at the downstream end for the B model: ¢, =0.90x 2.1=1.89 Lh"* and, for the C model:

gy =0.90x2.2=1.98Lh* and the corresponding pressure heads were computed from their outflow-pressure
head relationships;

2. The friction loss along both the N emitter, AHse) vy, by €q. (9) and, the friction loss along the pipe
segment between the consecutive N™ and (N-1)™ emitters, AH¢g) (n-1), by €q. (13) then, the local loss due to insertion
of the (N-1)" emitter, AH (-1, by €q. (12), were individually evaluated;

3. The pressure head for the (N-1)™ emitter, as the pressure head for the N™ emitter plus the sum of total
head losses between the two consecutive emitters then, the corresponding outflow for the (N-1)" emitter, g (-1
were determined, respectively.

4. Using the continuity equation, the lateral discharge along the pipe segment between the consecutive
N and (N-1)™ emitters was computed by assuming the residual lateral flow rate at the downstream closed end
from the last emitter is equal to zero, Qny = gy and; Q- = Quvy + gen-1)- Finally, total lateral inflow rate, Qin,

i=N
must be equal to the sum of whole emitter outflows, Qin = Z qi [46-54].
i=1

5. The uniformity level of the system was evaluated with the well-known Christiansen’s uniformity

i=N
coefficient, UC =1 (1/ NQn)Z:|qi —Qj,|. Noting that in the UC formula, the nominal discharge is taken into
i=1
consideration as the average emitter outflow [25, 36, 41-45]. Finally, the computation steps were improved to keep
to the right the fixed value of UC = 97%. For each computation step, the uniformity coefficient UC was evaluated
and then, the steps 1, 2, 3 and 4, were repeated until the desired value of UC = 97% was finally reached.

5. Results and Discussion
5.1. On Application-I (for Integrated In-Line Emitter Model)

In accordance with the first application (Application-I), Table 1 and Table 2 synthesize the complete
results for the main hydraulic variables regarding two kinds of integrated in-line emitter models B (o = 0.671) and
C (0.=0.297) for the desired level of uniformity, UC = 97%. From Table 1 for both the emitter models, the values
of total inflow rate, Qin (4™ and 10" columns), the inlet pressure head at the upstream end, Hin = Hg) (5™ and 11%
columns) and the pressure head at the downstream closed end, Hy (6™ and 12" columns), the amount of the total
energy losses, AHt (71" and 13" columns) are calculated, respectively, regarding with different emitter spacing, S
ranging from 0.2 to 1.5 m (1% column), various total number of emitters, N (2" and 8" columns) and total length
of the lateral line, L, (3“and 9 columns).

As indicated in Table 1, as the emitter spacing (S) increases and the total number of emitters (N) decreases,
the total length of the lateral line (L¢) increases, in relation to the expression L. = (N-1) S, for both the emitter
models. The total inflow rate (Qin) decreases with decreasing in the total amount of emitter outflows (Qin = g1+ Q2
+ ...+ gn)]. For both the emitter models, the inlet pressure head (Hin = Hi) yields similar values around 10 m,
except for a little deviation.

It is clearly observed from this table [regarding the data sets for S=1.0 m, N =123 L.=122.0 m and
for S=1.5m, N =109, L. =162.0 m], the values of 4H for the B model (o= 0.671) with respect to the C model
(o= 0.297) increases with increasing the amount of local losses caused by the higher local loss coefficient, as also
evaluated in eq. (10). Regarding with different emitter spacing the AH+ yields fixed values; for instance, for the
B model the 4H+ yields values varying from 2.0 to 2.07 m, and for the C model varying from 1.79 to 1.87 m.
Regarding both the emitter models B and C, and different emitter spacing, S, various total number of emitters and

total length of the lateral line, Le, three components of total energy losses (AHi, AHsp) and AHye)) are computed
then the results synthesized, in Table 2.

In Table 2 first, the total energy losses (AHr) are divided by the total friction losses (AHr) and total emitter
local losses (AH), and then, the total friction losses (AHs) are subdivided by the major pipe friction losses (AHs())
and minor emitter friction losses (AHse)). Accordingly, the ratio of emitter local losses to the emitter friction losses
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[ @cq 5y =AH; /AH ], and the emitter local losses as percentage of total energy losses [ @, (%) = AH, / AH

] are computed from the present mathematical model, and the results are compared with the recent experimental
analysis [12].

From this table, the analysis for three energy loss components reveals that, the emitter local losses (AH)
and the emitter minor friction losses (AH¢e)) decrease due to decreasing in the total number of emitters (N) [ie.,
with increasing in the emitter spacing (S)], whereas the pipe friction losses (AHyqp) [ie., the total friction losses
(AHf)] increase due to increasing in the total length of the lateral line (Le). Thus, the amount of total energy losses
(AHr+) does not change more (please see, 7" and 13" columns, in Table 1), since the total increasing in the amount
of AHs is just balanced with the total decreasing in the amount of AH;.
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Table 2: Relative contribution of three energy loss components [ AH, , AH f(p) AH ¢ ()] to the amount of total energy losses ( AH.) with the amount of local losses as percentage

of total energy losses [ @, ] and the range of emitter local losses to the emitter friction losses [ @ ¢y ], regarding two kinds of the integrated in-line emitter models (B: Siplast

Tandem and C: Rainbird Goccialin), for different emitter spacing (S) ranging from 0.2 to 1.5 m and various number of emitters (N) from to 109 to 188, for the desired level of
the Christiansen’s uniformity coefficient, UC = 97%, according to the present mathematical model and the recent experimental procedure (Provenzano and Pumo 2004).

Present Mathematical Model

Recent Experimental Analysis
(Provenzano and Pumo 2004)

AH L (mD AH, (m) AH AH, )
, L AH, AH, AH oy AH, Dy = D, = A AH, AH, At catty = D, =
° AH, / AH AH, / AH * e AH, 7/ AH AH, / AH,
J m) M) M) (Can)) ) (GD) (2©) ) m) M) ) (&) (C<)]
B model (Siplast Tandem) (a = 0.671)
72 34.2 1.031 1.035 0.511 0.520 1.99 50.1 0.969 0.95 o.a82 0.487 1.95 49.5
53 60.8 1.309 0.729 0.932 0.377 1.93 35.8 1.231 0.67 o.878 0.353 1.90 35.2
40 83.4 1.467 0.559 1.171 0.296 1.89 27.6 1.38 o0.514 1.103 0.277 1.85 27.1
30 103 1.556 0.44as8 1.315 0.241 1.86 22.4 1.465 o0.411 1.239 0.226 1.82 21.9
23 122 1.645 0.379 1.438 0.207 1.83 18.7 1.550 0.349 1.356 o.194 1.80 18.4
o9 162 1.737 0.265 1.588 0.149 1.78 13.2 1.636 0.243 1.496 0.140 1.74 12.9
C model (Rainbird Goccialin) (ax = 0.297)

3 37.4 1.226 0.623 O.664 o0.562 1.11 33.7 1.156 0.573 O0.626 0.530 i1.08 33.1

B 63.2 1.412 0.377 1.057 0.355 1.06 21.1 1.33 0.347 0.996 0.334 1.04 20.7

3 85.2 1.531 0.275 1.266 0.265 1.049 15.2 1.444 0.253 1.1949 0.250 1.01 14.9

2 105 i1.6e12 O.216 1.399 0.213 1.01 11.8 1.521 0.199 1.320 O.201 0.99 11.6

3 122 1.644 0.175 1.469 0.175 1.0 9.6 1.551 o.161 1.385 0.166 0.97 9.4

B 162 1.747 o.122 1.e21 O.126 0.97 6.5 1.649 o.112 1.530 0.119 0.94 6.4




Thus, the amount of total energy losses (AHr) does not change more (please see, 7™ and 13" columns, in
Table 1), since the total increasing in the amount of AHs is just balanced with the total decreasing in the amount
of AH,.

In Table 2, from the comparison of the energy loss parameters [4™, 5™, 6 and 7" columns], the following
finding can be observed. For both the emitter models B and C, as the total number of emitters (N) decreases and
the total length of the lateral line (Le) increases, the discrepancy between the amount of the AH¢ and the AH,, and
between the amount of the AHs(,) and the AHse) more increases. However, as an exceptional case for the B emitter
model, if the smallest value of the emitter spacing (S = 0.2 m) is regarded (N = 172 and L. = 34.2 m), the amount
of emitter local losses (AH; = 1.035 m) is nearly identical to the amount of total friction losses (AHs = 1.031 m);
similarly, the amount of emitter friction losses (AHse) = 0.52 m) closely follows the amount of pipe friction losses
(AHs) = 0.511 m). For S = 0.2 m, these findings are also confirmed by the recent experimental work (Provenzano
and Pumo 2004) as follows: AHt = 0.969 m with AH; = 0.95 m, and AHsp) = 0.482 m with AHye) = 0.487 m,
respectively.

For the B emitter model, the ratio of emitter local losses to the emitter friction losses [8™ column] generally
yields around 2.0 (for S = 0.2 m, @ 1y =1.99], and little decreases to 1.78 for S = 1.5 m. The emitter local losses

as the percentage of total energy losses [9'" column] reach to the highest range of 50% [for S = 0.2 m, @, =50.1%

], and rapidly decreases to 13.2% (for S = 1.5 m). The recent experimental work (Provenzano and Pumo 2004)
gives similar results as follows: @, ¢yvalues are 1.95 for S=0.2m and 1.74 for S=1.5m; and @; values are

49.5(%) for S=0.2mand 12.9% forS=1.5m.

For the C emitter model with respect to the B model (regarding with 4" — 7" columns) for the smallest
value of emitter spacing, S = 0.2 m, the amount of total friction losses [AH; = 1.226 m] is approximately equal to
two times of the amount of emitter local losses [AH; = 0.623 m], since the amount of emitter local losses decrease
in proportion to the value of the local loss coefficient for the C model (« =0.297 ) which is approximately half of

the value for the B model ( @ = 0-671). As also previously pointed out for the B emitter model (for S = 0.2 m), the
amount of emitter friction losses [AHse) = 0.562 m] nearly approaches to the amount of pipe friction losses [AHysp)
=0.664 m], for the C emitter model, as well. For S =0.2 m, these findings are also justified with those of obtained
in the recent experimental work (Provenzano and Pumo 2004) as follows: AH;=1.156 m with AH; =0.573 m and
AHsp) = 0.626 m with AHye) = 0.53 m, respectively.

For the C emitter model, the ratio of emitter local losses to the emitter friction losses [8™ column]
generally yields around 1.0 [for S=0.2 m, @ ¢y=1.11] and little decreases to 0.97 for S = 1.5 m. The emitter

local losses as the percentage of total energy losses [9™" column] approach to the range of 34% [for S = 0.2 m,
@, =33.7%], and rapidly decreases to 6.5% for S = 1.5 m. Hence, there is a good agreement with those of the

experimental analysis as: @ )values are 1.08 for S=0.2 mand 0.94 for S=1.5m; and @, values are 33.1(%)
for S=0.2mand 6.4% for S=1.5m.

As a remarkable result from this table [regarding the data set given for S=1.0m (N =123, L. =122.0 m)
and for S =15 m (N = 109, L. =162.0 m)] for both the emitter models (B and C), the amount of pipe friction
losses for the C model [AH¢) = 1.47 m and 1.62 m] is higher than those of the B model [AHsp) = 1.44 m and 1.59
m]. Because, the C model has a higher nominal flow rate (Q» = 2.2 Lh*) with respect to the B model (Q,=2.1 Lh-
1 even if the C model has higher values of the emitter length (Lg) and inner lateral diameter (D) than those of the
B model, as concluded in eq. (13).

For both the emitter models (B and C) [regarding the data set for S =1.0 m (N =123, L = 122.0 m) and
for S=1.5m (N =109, L. =162.0 m)], the amount of emitter friction losses for the B model [AHse) = 0.207 m and
0.149 m] is higher than those of the C model [AHse) = 0.175 m and 0.126 m]. Because, since the B model has a
smaller inner emitter diameter (Dg = 11.51 mm) with respect to the C model (Dg = 12.14 mm) even if the B model
has smaller values of the emitter length (Lg) and nominal flow rate (Qn) than those of the B model, as concluded

in eq. (9).

For both the emitter models (B and C), to illustrate the variation of three energy loss components to each
other, two figures were also prepared and represented by Fig. 2 and Fig. 3, respectively. For the B model of
integrated- in-line emitter, Fig. 2 illustrates variation of total friction ( AH, ) [premier axis of y] and emitter local

(AH,) losses [secondary axis of y] regarding with different values of emitter spacing (S) [premier axis of x] , and
various number of emitters (N) [secondary axis of x], according to both the mathematical (straight bold line) and
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experimental (dotted line) procedures. For the C model of integrated- in-line emitter, Fig. 3 illustrates variation of
total friction loss components due to pipe (AH, ,, ) and due to emitter (AH, ) with regarding different values of

emitter spacing (S) and various number of emitters (N), according to both the mathematical (straight line) and
experimental (dotted line) procedures. Fig. 2 and Fig. 3 also reveal that, a good justification between the results of
both the mathematical and experimental procedures is observed, for all performed simulations.

5.2. On Application-11 (for On-Line Emitter Model):

The same calculation steps for the backward stepwise procedure clarified-above are repeated (from 1% to
5M) using the related formulations given only for on-line emitters [egs. (12), (14), (15), (18) and (19)] for the
overall desired uniformity level, UC = 98.8%.

Table 3 synthesizes the complete results for the main hydraulic variables for two kinds of on-line emitter
models [labyrinth (o = 0.34) and orifice-vortex (o = 0.67)] in comparison with those of obtained from the previous
analytical procedure [30]. In this table, for both the emitter models, two energy loss components (AHs and AH))

[4™-8™ and 5%-9™ columns], the ratio of total pipe friction losses to the emitter local losses, @ ; = AH / AH,

[6 and 10" columns], and the emitter local losses as percentage of total energy losses, @, = AH,/AH; [7"and

11" columns] regarding with different emitter spacing, S, total number of emitters, N, and total length of the lateral
line, Le, are presented, respectively.

Regarding the values presented in Table 3, the following remarks can be observed. First, the values of
emitter local losses for the labyrinth on-line emitter model [ AH,=0.598, 0.335, 0.241 and 0.192 m] are

approximately half of the values for the orifice-vortex on-line emitter model [ AH,=1.179, 0.657, 0.459 and

0.374 m] since the emitter local losses proportionally increase with increasing the value of local loss coefficient,
a (from 0.34 to 0.67).

Practically, as the length of the lateral increases and the number of emitters decreases with increasing in
emitter spacing, the amount of emitter local losses decrease whereas the pipe friction losses increase; so the
discrepancy between the pipe friction losses and the emitter local losses increases with increasing in the emitter
spacing [1%, 2n9, 314, 4™-8t and 5M-9™ columns].

For the labyrinth on-line emitter model ( « = 0.34), if the smallest value of the emitter spacing, S=0.3
m, is selected, the amount of pipe friction losses is approximately equal to two times of the amount of emitter local
losses whereas for the orifice-vortex on-line emitter model (o = 0.67), the amount of pipe friction losses is
approximately equal to the amount of emitter local losses.

Accordingly, for the labyrinth on-line emitter, the ratio of the friction losses to the emitter local losses (
@ ;) yields around 2, 4, 6 and 8 whereas it yields around 1, 2, 3 and 4, for the orifice-vortex on-line emitter, for

the emitter spacing, S = 0.3, 0.6, 0.9 and 1.2 m, respectively. Moreover, the amount of emitter local losses, @ (%)
expressed as a percentage of the total energy losses, decreases with increasing emitter spacing, then its values can
reach 32.9 and 50.1% (33.5 and 50% according to the previous analytical procedure) with respect to the labyrinth
and orifice-vortex on-line emitters, respectively. It can be concluded from this comparison, a good justification is
observed between the results obtained from the present mathematical and the previous analytical procedures.

6. Concluding Remarks

In this chapter a simplified mathematical model based on the backward stepwise for three energy loss
components (local and friction losses due to emitters and pipe friction losses) to finally evaluate total energy losses
along a trickle lateral line with integrated in-line and/or on-line emitters, is presented. The proposed eq. (9), eq.
(13) or eq. (14) allow one to evaluate the minor friction losses through the path of an integrated in-line emitter,
and the major friction losses along the pipe, and eq. (12) allows one to evaluate the local losses attributable to the
emitters’ connection. Hence, an approximate combination formulation [eq. 15)] which incorporates three energy
loss components allows one to accurately evaluate total energy losses at the end of the lateral line.

The present technique is applied on two numerical applications covering different types of integrated in-
line and on-line emitters to demonstrate its practicability and validity with respect to the recent literature.
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Examination of results for applications confirmed that, the proposed technique is efficient in all design cases
examined, and justifies with the results reported in the recent analytical and experimental procedures.

Based on the present assessment regarding different kinds of integrated in-line and on-line emitters, the
following remarks can be underlined:

1. First, the amount of emitter local losses ( AH, ) increases with increasing in the local loss coefficient,

2. Reducing the length of the lateral (L) and increasing the number of emitters (N) with decreasing the
emitter spacing (S), the amount of local (AH, ) [and friction, AH ] losses due to presence of emitters increase

whereas the pipe friction losses (AH ;) ) (ie., total friction losses, AH ¢ ) decrease. For both the integrated in-line

emitter models B and C (Table 2), the discrepancy between the amount of the AHs and the AHy; and between the
amount of the AHs() and the AHye) more increases as the total number of emitters (N) decreases and the total length
of the lateral line (Le) increases. Therefore, the amount of total energy losses (AHr) (which is combination of total
friction and emitter local losses) does not change more, except for a little deviation (Table 1), since the total
increasing in the amount of total friction losses (AHy) is just balanced with the total decreasing in the amount of
emitter local losses (AH)).

3. For both the B and C integrated in-line emitter models (Table 1), and regarding different values of the
emitter spacing and total number of emitters the inlet pressure head (Hin = H1) yields similar values around 10 m,
since the amount of total energy losses ( 4H+ ) yields fixed values, in all design cases examined.

4. The amount of emitter local losses, @;, expressed as the percentage of total energy losses (AHt)

increases with decreasing in the emitter spacing. As an exceptional case for the smallest value, S = 0.2 m, the
summation of emitter local losses nearly approach to half of the amount of the total energy losses [
(D| :AH| /AHT ESO%]

5. For both the integrated in-line [B-siplast tandem: « =0.671] and on-line [orifice vortex: a =0.67]
emitters (Table 2 and Table 3), and regarding the data set for the smallest value of the emitter spacing (S = 0.2 or
0.3 m), the summation of emitter local losses nearly identical to the amount of total friction losses (due to pipe and
emitters) [AH; = AH, ].

6. For both the B and C integrated in-line emitter models (Table 2), and regarding the data set for the
smallest value of the emitter spacing (S = 0.2 m), the summation of minor friction losses due to in-line emitters
nearly identical to the amount of major friction losses along the pipe sections between successive in-line emitters
[AHf(e) EAHf(p)].

7. Regarding the data set given for different emitter spacing (from 0.2to 1.5m) (Table 2), if the B model
(a=0.671) is selected the summation of emitter local losses is approximately equal to two times of the amount
of emitter minor friction losses [ AH; =2xAH ) ], whereas for the C model (a = 0.297) the

summation of emitter local losses is nearly identical to the summation of minor friction losses due to in-line
emitters [ AH; = AH¢ ) ].
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Table 3: Relative contribution of two energy loss components [ AH; and AH, ] to the amount of total energy losses [ AH ] with the range of total friction losses to the total emitter
local losses [ @ ], and the amount of local losses as percentage of total energy losses [ @ ], regarding two kinds of the on-line emitter models (Labyrinth and orifice-vortex), for

different emitter spacing (S) ranging from 0.3 to 1.2 m and various number of emitters (N) from to 75 to 110, for the desired level of the Christiansen’s uniformity coefficient,

UC = 98.8%, according to the present mathematical model and the previous analytical procedure.

Present Mathematical Model Previous Analytical Method [30]
AH. (m) AH (m)
o, = (ORES O, = ORES
S N Le AH;, AH, AH, / AH, AH, I AH; AH, AH, AH, I AH, AH, I AH,
(m) () (m) (m) (m) @) (%) (m) (m) @) (%)
Labyrinth On-Line Emitter (o =0.34)
0.3 110 32.70 1.215 0.598 203 =20 329 1.108 0.559 198 =20 335
0.6 90 53.40 1.322 0.335 395 =40 20.2 1.277  0.307 416 = 4.0 19.4
0.9 80 71.10 1.421 0.241 589 = 6.0 145 1.386 0.216 6.42 = 6.0 13.5
8.22 = 8.0
1.2 75 88.80 1.578 0.192 10.9 1.548 0.178 870 = 9.0 10.3
Orifice-Vortex On-Line Emiter (o =0.67)
0.3 110 32.70 1.172 1.179 0.99 = 1.0 50.1 1.155 1.156 099 =10 50.0
0.6 90 53.40 1.343 0.657 2.04 = 2.0 329 1.332 0.635 210 = 2.0 323
0.9 80 71.10 1.462 0.459 3.18 = 3.0 23.9 1.446 0.447 3.23 =30 23.6
1.2 75 88.80 1.625 0.374 434 = 4.0 18.9 1.614 0.368 438 = 4.0 18.6

@, = AH, / AH,: the ratio of total friction losses to the total emitter local losses; ®, = AH, / AH, : the amount of total emitter local losses

as percentage of total energy losses.
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