e-ISSN: 2667-4165 « CILT / VOLUME: VIl » SAYI/ISSUE: | « HAZIRAN / JUNE 2024

AFYON KOCATEPE UNIVERSITESI
ULUSLARARASI MUHENDISLIK

TEKNOLOJILERI VE UYGULAMALI
BILIMLER DERGISI

Afyon Kocatepe University
International Journal of
Engineering Technology and
Applied Sciences

S A N A Ak

www.dergipark.org.tr/tr/pub/akuumubd



AFYON KOCATEPE UNIVERSITESI
ULUSLARARASI MUHENDISLIK TEKNOLOJILERI ve UYGULAMALI BILIMLER DERGISI
Afyon Kocatepe University
International Journal of Engineering Technology and Applied Sciences

Afyon Kocatepe University
International Journal of
Engineering Technology and

Applied Sciences

http://dergipark.org.tr/akuumubd

e-ISSN:2667-4165



Afyon Kocatepe University
International Journal of Engineering Technology and
Applied Sciences (AKU-IJETAS)

Volume: VII / Number: 1/ June - 2024

Owner / Publisher: Prof. Dr. Ayhan EROL for Afyon Kocatepe University
Editor in Chief Prof. Dr. Ayhan EROL
Co- Editor in Chief Assoc. Prof. Dr. Ahmet YONETKEN
Published Afyon Kocatepe University, June 2024,

ijetas@aku.edu.tr

This work is subject to copyright. All rights are reserved, whether the whole or part of the
material is concerned. Nothing from this publication may be translated, reproduced, stored in a
computerized system or published in any form or in any manner, including, but not limited to
electronic, mechanical, reprographic or photographic, without prior written permission from the
Publisher Afyon Kocatepe University www.ijetas.aku.edu.tr ijetas@aku.edu.tr The individual
contributions in this publication and any liabilities arising from them remain the responsibility of
the authors. The publisher is not responsible for possible damages, which could be a result of

content derived from this publication.

CONTACT INFORMATION

Afyon Kocatepe University International Journal of Engineering Technology and Applied
Science Afyon Kocatepe University, Technology Faculty, 03200 Afyonkarahisar, TURKEY

Phone: +90-272-2281446 /ext.
Fax: +90-272 228 1449

e-mail : ijetas@aku.edu.tr, aerol@aku.edu.tr



Welcome to AKU-IJETAS

Dear Researchers;

Afyon Kocatepe University International Journal of Engineering and Applied Sciences ler has
been published in Turkish and English since 2018 with 2 issues. Our journal will accept Turkish
and English articles as 2 issues a year and the articles will be evaluated by at least two referees
with the same system. Our magazine from December 2018; it offers many advantages to readers
due to the practical and practical access to the authors as well as the process of publishing and
publishing quickly and easily; The electronic journal (e-ISSN:2667-4165) accepts 2 numbers per
year (June and December) in Turkish and English. The names of the judges evaluating the articles
are not notified to the authors. The referees cannot see the names of the authors. The studies are
evaluated as at least two referees. Our authors, who want to send articles, can register their
original scientific articles online and follow the process by registering on our magazine page. Our

journal is accepted as original and previously published research articles.

We are waiting for your contributions as both referee and writer. I thank you in advance for your

support and I wish you success in your work.

Prof. Dr Ayhan EROL

Chief Editor



Ahmet AKSOY

Ahmet YILDIZ
Alexander ONUFRAK
Anas Sarwar QURESHI
Artay YAGCI

Asimm Gokhan YETGIN
Behget GULENC
Bojan ZLENDER
Cahit GURER

David NOZADZE
Dinger BURAN

Dunja PERIC

Dusan ORAC

Elena Cristina RADA
Gabor PAY

Gratiela BOCA DANA
Hazizan Md AKIL
Huseyin Ali YALIM
Huseyin AKBULUT

Huseyin BAYRAKCEKEN

IThan KOSALAY
Ioan ABRUDAN
Ivan KURIK,

Iveta VASKOVA
Jodo Pedro SILVA
Lucian Ionel CIOCA
Marco RAGAZZ1

Martina HRUBOVCAKOVA

Matjaz SRAML
Merlinda EBIBI

Mihai BANICA

Mircea HORGOS
Monica Lopez ALONSO
Muhammed YURUSOY
Mustafa ERSOZ
Mustaque HOSSAIN
Nadras OTHMAN
Nicolae UNGUREANU
Neritan TURKESHI
Olivera PETKOVSKA
Olga OROSOVA

Danisma Kurulu / Editorler/ Editorial Board

Akdeniz University

Afyon Kocatepe University

Pavol Jozef Safarik University
Agriculture University

Afyon Kocatepe University
Dumlupinar University

Gazi University

Maribor University

Afyon Kocatepe University,
Georgian Technical University
Stileyman Demirel University
Kansas State University, Manhattan
Kosice Technical University
Trento University

University College of Nyiregyhaza
Technical University Cluj Napoca
Sains Malaysia University

Afyon Kocatepe University
Afyon Kocatepe University
Afyon Kocatepe University
Ankara University

Technical University Cluj Napoca
Technical University Zilina
Kosice Technical University
Leiria Polytechnic Institute
Lucian Blaga University of Sibiu
Trento University

Kosice Technical University
Maribor University

Mother Teresa University
Technical University Cluj Napoca
Technical University Cluj Napoca
University of GRANADA

Afyon Kocatepe University
University of Selcuk

Kansas State University, Manhattan
Sains University

Technical University Cluj Napoca
Mother Teresa University

Mother Teresa University

Pavol Jozef Safarik University

TURKEY
TURKEY
SLOVAKIA
PAKISTAN
TURKEY
TURKEY
TURKEY
SLOVENIA
TURKEY
GEORGIA
TURKEY
ABD
SLOVAKIA
ITALY
HUNGARY
ROMANIA
MALAYSIA
TURKEY
TURKEY
TURKEY
TURKEY
ROMANIA
SLOVAKIA
SLOVAKIA
PORTUGAL
ROMANIA
ITALY
SLOVAKIA
SLOVENIA
MACEDONIA
ROMANIA
ROMANIA
SPAIN
TURKEY
TURKEY
ABD
MALAYSIA
ROMANIA
MACEDONIA
MACEDONIA
SLOVAKIA



P. Trinatha RAO

Peter MONKA

Prasanna RAMAKRISNAN
Ramazan KACAR

Radu COTETIU

Regita BENDIKIENE
Renata PANOCOVA

Ridvan UNAL
Robert CEP

Serdar SALMAN
Serhat BASPINAR

Sermin OZAN

Sezai TASKIN

Snezhina ANDONOVA
Suleyman GUNDUZ
Stanislaw LEGUTKO
Tomasz NIZNIKOWSKI
Tomaz TOLLAZZI
Ugur CALIGULU
Yilmaz YALCIN

Yuksel OGUZ

Zoran TRIFUNOV

Gitam University

Technical University Kosice

Neo Education Institu

Karabiik University

Technical University Cluj Napoca
Kaunas Technology University
Pavol Jozef Safarik University
Afyon Kocatepe University
Technical University Ostrava
Marmara University

Afyon Kocatepe University

Firat University

Celal Bayar University
Sauth-West University

Karabiik University

Poznan University of Technology

Lomza State University Applied Science

Maribor University

Firat University

Afyon Kocatepe University
Afyon Kocatepe University
Mother Teresa University

INDIA
SLOVAKIA
MALAYSIA
TURKEY
ROMANIA
LITVANIA
SLOVAKIA
TURKEY
CZECH
TURKEY
TURKEY
TURKEY
TURKEY
BULGARIA
TURKEY
POLAND
POLAND
SLOVENIA
TURKEY
TURKEY
TURKEY

MACEDONIA



CONTENTS
Page

Kirikkale 1li I¢in Hava Kaynakh Bir Is1 Pompasinin Termodinamik incelenmesi

Hiisamettin TAN, Ziihtti Onur PEHLIVANLI .........ccoooee oo 1-8

Sikistirma ile Ateslemeli Bir Motorda Farkh Piston Malzemelerinin Sonlu Elemanlar

Metodu ile Termal Davramslariin Incelenmesi

Mehmet Kutay BAYRAM, Emrah KANTAROGLU .............ccocoviiee e 0009222

Akciger Goriintiilerinden Tiimorlii Verilerin Derin Sinir Aglar: ve Evrisimsel Sinir Aglar

ile Tahmini

Volkan CETIN, Cigdem BAKIR... ... ..........cc.ccociueeie e eeee e eee oot e v e e e e en 2. 23236

The Importance of GRP Composite Material in Liquid Fertilizer Tanks and Production
Optimization of the Tanks

Mehmet CAKMAKKAYA, Mert GUVEN.., .......c.cccooece e e oo et e et e e e e v en e 0 3748

Ticari Buji Ateslemeli Bir Motorda JP8 Askeri Jet Yakiti ve Amorf Elementel Bor

Yakitlarinin Kullaniminin NOx Emisyonlarina Etkisinin Deneysel Incelenmesi

Emrah KANTAROGLU, Ahmet DOGAN ... e e e eee oo e eeeaee e e 49257

Akilli Tarim Uygulamalarinda Kullanilan flaglama Sistemlerinin Arastiriimasi

Beyza SUNAR, Bekir YALCIN, Berkay ERGENE, Ali ONAL
e e 08272

vi



Afyon Kocatepe Universitesi Uluslararasi Mithendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Cilt 7(1) (2024) Aralik (1-8 s) AKU IJETAS Vol 7(1) (2024) June (1-8 pp)
DOI:10.53448/akuumubd.1411727

Arastirma Makalesi / Research Article
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0z
Bu ¢alismada, R32 sogutucu akiskanli hava kaynakh bir 1si pompasinin, Kirikkale ili sinirlari igerisinde

bulunan bir konutun, kis aylarinda isi ihtiyacini karsilamak igin kullanilabilirligi arastirilarak sistemin
termodinamik analizi yapilmistir. Calismada Kirikkale ilinde son on yil igerisinde goriilmus olan en diisik

Anahtar kelimeler hava sicakligi Meteoroloji Genel Mudurligiinden temin edilmistir. Hesaplamalar, 2022-2023 vyillari

Ist pompast; COP; arasindaki Ekim — Nisan arasindaki 1sitma sezonunu 6rnek alinarak yapilmistir. Calismada, dis ortamdan

cekilen 1si, kompresorin enerji tiketimi, sistemin performans katsayisi ve ikinci yasa verimi
parametreleri agisindan incelenmistir. Dis hava sicakligi azaldikga gekilen 1s1 miktari yaklasik olarak %9

Termodinamik analiz,

Il. yasa
degerinde azalmaktadir. Bu dogrultuda isitma ihtiyacini karsilamak igin kompresériin enerji tiketimi

yaklasik olarak %40 artmistir. Elde edilen sonuglar sistem performansi Ekim ve Ocak aylarinda sirasiyla
5,545 ve 3,957 olarak hesaplanmistir. Buna karsin ikinci yasa verimi Ocak ay! igin 0,3266, Ekim ayi igin
0,2103 olarak gergeklestigi gortlmustir. Bulgular, hava kaynakli 1si pompalarinin iklimsel kosullara bagl
olarak degisen performansini vurgulamaktadir.

Thermodynamic Analysis of an Air Source Heat Pump for Kirikkale

Province
Abstract
This study conducted a thermodynamic analysis of an air-source heat pump using R32 refrigerant to
assess its effectiveness in meeting the heating needs of a residence in Kirikkale province during winter.
The air temperature in Kirikkale was obtained from the Turkish State Meteorological Service according
to the average of last ten years. Calculations were based on the heating season between October and
Keywords April for the years 2022-2023. In the study, parameters such as heat gained from the environment,
Heat pump; COP; compressor energy consumption, the system's performance coefficient, and second-law efficiency have
Thermodynamic been examined. As the external air temperature decreases, the amount of gained heat decreases by
analysis, II. law. approximately 9%. In this regard, the energy consumption of the compressor to meet heating demand

has increased by approximately 40%. The results showed that the system performance was calculated
as 5.545 and 3.957 for October and January, respectively. However, the second-law efficiency was
observed to be 0.3266 for January and 0.2103 for October. The findings emphasize the varying
performance of air-source heat pumps depending on climatic conditions.

Afyon Kocatepe Universitesi



1. Introduction

Climate change is a significant issue threatening all
living beings worldwide. It is primarily caused by
the emission gases arising from technological
devices used for various purposes. Air-source heat
pumps serve as an excellent electrical alternative
to fossil fuel-based heating systems to reduce
greenhouse gas emissions in residential areas.
However, common temperate climate systems
experience significant performance losses in
regions with cold climates due to low external air
temperatures. In this regard, evaluating the usage
and efficiencies of air-source heat pumps for
different climatic regions is crucial.

In this scope, various studies in the literature have
been investigated. Congedo et al. (Congedo et al.,
2023) conducted a modeling study emphasizing the
comprehensiveness and robustness of the results
through a multi-parameter approach to understand
the climatic effects on air-source heat pumps. The
study represented all Koppen climate regions for
two climate systems with low and moderate
operating temperatures, covering a broad spatial
region worldwide. They detailedly analyzed the
behavior of air-source heat pumps through
seasonal performance and operating hour
calculations. Naldi et al. (Naldi et al., 2015)
investigated the seasonal performance of air-
source heat pumps in heating of various buildings
using a mathematical model in Italy. The study
highlighted that there is an optimal external
temperature value related to the selection of the
heat pump size based on the building to increase
the system's seasonal efficiency. (Yang et al., 2016)
developed a simulation model for an Air Cycle Heat
Pump Water Heater (ACHPWH) that considers the
non-design performance of components. Then,
they compared this model with experimental data
in the The study concluded that

implementing a more efficient compressor and

literature.

expander in the ACHPWH system would lead to a
significant improvement in annual performance.
Additionally, despite a decrease in the COP for
ACHPWH
substantial savings in heating time when operating

reheating, the system  provided

at low ambient temperatures. Kazjonovs et al.

Kazjonovs et al. (2014) conducted a study on
residential buildings in Latvia, considering local
climate conditions. The study aimed to characterize
the efficiency of the heat pump by investigating the
Seasonal Performance Factor (SPF) values of an air-
to-water heat pump. The research focused on
different types of heating systems during the
winter season. The study concluded that air-to-
water heat pumps could operate with an SPF
ranging from 2.93 to 3.2 in the cold months of
Latvia's climate. It emphasized that the operational
costs of air-to-water heat pumps are lower
compared to heating systems powered by natural
gas, liquefied gas, diesel, and electricity. Zhang et
al. (Zhang et al., 2017) proposed and implemented
an air-source heat pump heating system to meet
the demand for clean heating in cold regions of
Northern China. In the study, a mathematical
model was made to compare the primary energy
consumption, emission rates, initial investment,
and annual operating costs of different heating
systems. They reported that air-source heat pumps
could reliably and steadily meet space heating
demands in residential buildings even when the
external air temperature was -15 °C. Congedo et al.
(Congedo et al., 2020) applied a numerical model in
TRNSYS to investigate the use of an air-source heat
pump (ASHP)
horizontal ground heat exchanger (EAHX) to reduce

system in conjunction with a
energy consumption in buildings in extreme cold
and hot climate regions such as Italy, Norway, and
Algeria. The study reported that the ASHP-EAHX
system outperformed the traditional ASHP in every
Coskun et al. (Coskun et al., 2023)
conducted an economic analysis of the use of air-

season.

source heat pumps in izmir province, investigating
the hourly outdoor temperature data and
electricity costs. They reported that, in the case of
energy consumption being priced with a multi-tariff
system, the energy cost would decrease by 20%.
Konrad (Konrad & MacDonald, 2023) conducted an
analysis of existing air-source heat pumps in the
market, presenting their shortcomings. Regarding
cold climate heat pumps, the study also highlighted
additional design concepts and innovations that
have not yet been implemented by the industry but
could further enhance the performance and

2
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adoption of heat pumps. Jesper et al. (Jesper et al.,
2021) have developed an accurate understanding
and model regarding the performance of heat
pumps in terms of economics, energy, and the
environment in large-scale applications. Their study
focuses on examining the impact of system design
and operating conditions on the coefficient of
performance (COP) of large-scale (>50 kWth)
electrically-driven mechanical compression heat
pumps. Baglivo et al. (Baglivo et al., 2023) have
conducted a predictive analysis of the short,
medium, and long-term behavior of air-source heat
pumps in two cities with extremely cold and hot
climates. They emphasized that, considering the
impact of climate change, heat pumps could be
used in geographic regions where they are
currently not employed due to extremely low
winter temperatures.

The studies conducted in the literature indicate
that the usability and efficiency of air-source heat
pumps vary by region, emphasizing the need for
region-specific evaluations. In light of this
information, this study investigates the usability
and efficiency of an air-source heat pump system
for residential heating in Kirikkale province, located
in the

characterized by a temperate climate zone. This

Inner Anatolia region of Turkey and

study provides a significant contribution by
evaluating the use of air-source heat pumps
specific to regional climatic conditions. A selected
air-source heat pump was implemented in a
residence within the region, and thermodynamic
analyses were conducted through modeling for the

heating season (October-April).

2. Material and Method
2.1 System design

The schematic representation of the heat pump
used in the study is given in Figure 1. The selected
system is an air-source heat pump, widely utilized
due to its commonality and ease of use. The
general operating principle of the system is gaining
heat from the external air (Q,) and pumping it to
through the
compressor. The system consists of two regions:

the high-temperature element

the low-pressure region and the high-pressure

region. The heat required for the evaporator in the
low-pressure region (QL) is absorbed from the air,
and the refrigerant circulating within the system is
vaporized and sent to the compressor (#1). The
temperature and pressure of the refrigerant
entering the compressor are increased, and then
sent to the condenser in the high-pressure region
(#2). The heat load (QH) required for heating the
environment is released from the refrigerant in the
condenser, and the refrigerants exits the
condenser as saturated liquid (#3). To allow the
cycle to repeat, the refrigerant is sent to the
evaporator by providing pressure drop through the

expansion valve (#4).

Medium environment

Condenser
e T P
{1} J " il
L s
Expansion  §7 . AlLsqurceheatpump 7T
I ) '
wale £y {--Q
»
]
{7} , il
e\ [N—@

Figure 1. The schematic of the heat pump

2.2 The modelling of system and basic
assumptions

During the system modeling, design values and
assumptions were made for the environment and
the system. Primarily, the ambient air will be
utilized as the heat source. In this context, the
average ambient temperature values for Kirikkale
province, where the study is conducted, are
provided in Figure 2 for the October, November,
December, January, February, March, and April
(MGM, 2023). Heating is required for Kirikkale
province during the
Additionally, the
determine the design values for the evaporator

considered  months.

ambient air temperatures

temperatures.
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Figure 2. The average temperature of months

Energy analyses for the system were conducted
based on the design conditions and assumptions
provided below.

v' Steady flow; changes in kinetic and
potential energies have been neglected in
all control volumes.

v' The pressure losses in heat exchangers and
pipes have been neglected.

v' The throttling process is assumed to be
isentropic.

v' The condenser exit is assumed to be
saturated liquid, and the evaporator exit is
assumed to be saturated vapor.

v" The compressor and expansion device are
assumed to be adiabatic.

v The isentropic efficiency of the compressor
is assumed to be 0.7.

v' The temperature difference between the
evaporator operating temperature and the
ambient temperature is assumed to be 3°C,
and the condenser operating temperature
is assumed to be 45°C.

v' The ambient pressure is assumed to be 1
bar, and the room temperature is assumed
to be 298 K.

v" The heating capacity of the heat pump is
determined to be 20 kW.

v" The working refrigerant is R32.

Design conditions, in accordance with the
determined and assumed parameters, have been
utilized to conduct thermodynamic analyses for the
heat pump. The analyses were performed using
energy equations for the system elements. Energy
analyses for each system element were conducted
based on Equations 2.1 and 2.2. The energy
equations for system elements are given
sequentially.

Mass Balance—)Z m; Z my =0 01

Energy Balance— Z E; - Z E, =0 0.2

Compressor;

Neglecting kinetic and potential energy changes,
the isentropic efficiency and energy equation for
the adiabatic condition can be expressed as
Equations 2.3 and 2.4.

his —hy
Ne = ——2 0.3
© hy—hy
W, = rigp * (hy — hy) 0.4

Condenser;

Neglecting kinetic and potential energy changes,
the energy equation for the adiabatic process (heat
supplied to the indoor environment for heating)
and the isobaric process can be expressed as
Equation 2.5.

Qu = My * (hy — hy) 0.5
Expansion valve;

Neglecting kinetic and potential energy changes,
the energy equation for the adiabatic process and
the isenthalpic process can be expressed using
Equation 2.6.

h, = hy 0.6

Evaporator;

Neglecting changes in kinetic and potential energy,
Equation 2.7 expresses the energy equation for the
adiabatic and isobaric processes.

Qr = iy * (hy — h3) 0.7

The coefficient of performance (COP) of the system
can be expressed as Equation 2.8.

COPHP = & 0.8
We
The Il. law efficiency of the system can be
expressed as Equation 2.9.
COPyp
=" 0.9
N COPrgy
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Here, COPggy

coefficient of the reverse heat pump and can be

represents the performance

expressed as Equation 2.10.

COPREV =

1-—= 0.10

2.3 Validation Study

The experimental study conducted by Dikici et al.
(Dikici 2006) was referenced for the
analytical validation of the work. The study

et al,

pertains to the experimental investigation of an air-
source heat pump. In the study, the operating
temperatures of the evaporator and condenser
were determined as 0°C and 28°C, respectively. The
isentropic efficiency of the compressor was
assumed to be 0.25, and the exit of the evaporator
and condenser was considered to be saturated
vapor and saturated liquid, respectively. According
to the design criteria, it was calculated by the
analytical equations The results obtained in the
study are compared with the analytical results in
Figure 3.

o = N W B~ U o

Comp. Condenser Evap.

M Dikici et al., 2006 M This study

Figure 3. The model validation study

3. Results and Discussions

Energy analysis of the air source heat pump in the
months when heating is needed for Kirikkale
province was made in line with the determined
design values and assumptions. The energy
equations were solved analytically in this situation.
in terms of the

system's COP and reversible COP value, heat

The results were compared

absorbed from the ambient environment (Q,),

energy consumption of the compressor and second
law efficiency parameters.

The distribution of heat absorbed from the
ambient environment and compressor energy
consumption for different months is given in Figure
4. It is observed that as the external ambient
temperature decreases, the heat absorbed by the
evaporator decreases. Similarly, with the heating
capacity of the system being constant, it increases
the energy consumption of the compressor. The
lowest heat absorbed and energy consumption
were calculated as 14.95 kW and 5.055 kW for the
January, respectively. The highest heat absorbed
and energy consumption were calculated as 15.17
kW and 4.836 kW for the December and February,
respectively.

Gained Heat Energy, kW

Oclober Novemeer Dzcembzr Jaruay February Warch Aprl
HMonths

Qclober Novemcer Dzcember vy Febuary Werch Aprl
Honths

Compresor Energy Consumption, kW

Figure 4. Gained heat energy and compressor energy
consumption

The distribution of the system's Coefficient of
Performance (COP) for different months is given in
Figure 5. It is observed that the COP of the system
decreases with a decrease in the external ambient
temperature. The lowest COP value is calculated
for the January, which has the lowest external
ambient temperature. The highest COP value is
calculated for October, which has the highest
external ambient temperature. The variation in
COP between the highest and lowest external
ambient temperatures is approximately 28%.
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Figure 5. System COP values for different months

1+

for the second law efficiency are shown in Figure 6.
As seen in Figure 6a, the reversible COP values are
the lowest and highest in January and October,
respectively. Accordingly, in Figure 6b, the months

with the lowest and highest second law efficiency
are October and January, respectively. In terms of
the second law efficiency, the variation between
the lowest and highest values is approximately
53%. This situation similarly valid to the reversible

) ) cop values.
The reversible COP values, representing the
maximum performance the system can achieve
based on ambient temperatures, and the results
30
- 20~
o
3
10
0
October November December January February March Apt
Months
0.4

o
N

Figur

4. Conclusion

The use of a heat pump for heating needs in the
Kirikkale province has been investigated within the
scope of the study. In this context, a basic air-
source heat pump system was selected,
considering the reference external air conditions.
Parameters such as the heat gained from the
environment, consumed energy, COP (Coefficient
of Performance), and second law efficiency were
taken into account for the comparison between
different months. Results obtained by solving
analytical equations based on specific design values
and assumptions are summarized below.

v The heat gained decreases, and the
consumed energy increases as the external
ambient temperature decreases.

v" The decrease in the heat gained is a result
of the decrease in the ambient
temperature, leading to a reduction in the

I
>
g
503
8
=
£ 0.
. [l
e

. Reversible COP (Coefficient of Performance) and second law efficiency for different months

enthalpy of evaporation and an increase in
the compressor discharge temperature,
which, in turn, causes a decrease in the
mass flow rate circulating in the system.

v" As the external ambient temperature
decreases, the increase in the pressure
difference between the evaporator and
condenser leads to an increase in the
compressor discharge temperature. This
condition not only increases compressor
energy consumption but also reduces the
system COP value.

v" From the perspective of the second law,
the highest value is observed to be 0.3266
for January, while the lowest value is
0.2103 for October. This situation arises
due to the highest reversible COP value
that can be achieved in October and the
lowest reversible COP value that can be
achieved in January.
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In the analyses conducted for all months, the
heating capacity has been assumed to be constant.
In future studies, analyses can be conducted in
terms of energy and exergy considering heating
capacities determined based on the average
external ambient temperatures for each month in
the selected climatic region.

Abbreviations and symbols

TRSSP: Transient Systems Simulation Program
ACHPWH: Air Cycle Heat Pump Water Heater
SPF: Seasonal Performance Factor

QL: Gained heat

WC: Energy consumption

Ei: Energy input

Eo: Energy output

Imy,,: Mass flow rate of heat pump

COP,p: Coefficient of the performance

nu: Second law

COPgey: Reversible coefficient of the performance
n.: Isentropic efficiency of the compressor

T.: low environment temperature

T4: High environment temperature

h: Entalpy

5. References

Baglivo, C., Mazzeo, D., Matera, N., & Congedo, P.
M. (2023). Air-source Heat Pump Under Very
Climate Change Scenarios: A Numerical
Analysis. Journal of Sustainable Development
of Energy, Water and Environment Systems,
11(3), 1-12.
https://doi.org/10.13044/j.sdewes.d11.0458

Congedo, P. M., Baglivo, C.,, Bonuso, S., &
D’Agostino, D. (2020). Numerical and
experimental analysis of the energy
performance of an air-source heat pump
(ASHP) coupled with a horizontal earth-to-air
heat exchanger (EAHX) in different climates.
Geothermics, 87(January 2019), 101845.
https://doi.org/10.1016/j.geothermics.2020.1

01845

Congedo, P. M., Baglivo, C., D’Agostino, D., &
Mazzeo, D. (2023). The impact of climate
change on air source heat pumps. Energy
Conversion and Management, 276(August
2022), 116554,
https://doi.org/10.1016/j.enconman.2022.11
6554

Coskun, C., Oktay, Z., & Birecikli, B. (2023).
International Journal of Energy Applications
and Technologies Investigation of the
economic aspects of air source heat pump
usage for Izmir province. 10(1), 26-33.
https://doi.org/10.31593/ijeat.1249609

Dikici, A., Akbulut, A., & Gilgimen, F. (2006).
Gulnes, Hava Ve Toprak Enerjisi Kaynakl Isi
Pompalarinin Elazig Sartlarinda Kullaniminin
Deneysel Olarak Arastirilmasi Ve Enerji Ve
Ekserji Analizleri. J. of Thermal Science and
Technology, 25, 49-61.

Jesper, M., Schlosser, F., Pag, F., Walmsley, T. G.,
Schmitt, B., & Vajen, K. (2021). Large-scale
heat pumps: Uptake and performance
modelling of market-available devices.
Renewable and Sustainable Energy Reviews,
137(September 2020), 110646.
https://doi.org/10.1016/j.rser.2020.110646

Kazjonovs, J., Sipkevics, A., Jakovics, A., Dancigs, A.,
Bajare, D., & Dancigs, L. (2014). Performance
analysis of air-to-water heat pump in Latvian
climate conditions. Environmental and
Climate Technologies, 14(1), 18-22.
https://doi.org/10.1515/rtuect-2014-0009

Konrad, M. E., & MacDonald, B. D. (2023). Cold
climate air source heat pumps: Industry
progress and thermodynamic analysis of
market-available residential units. Renewable
and Sustainable Energy Reviews, 188(May),
113739.
https://doi.org/10.1016/j.rser.2023.113739

Madarluga, M. G. (2023). Seasonal norms for the
provinces.
https://Mgm.Gov.Tr/Veridegerlendirme/Il-ve-
liceler-
Istatistik.Aspx?Ysclid=lggame0z3d363539405.

Naldi, C., Dongellini, M., & Morini, G. L. (2015).
Climate influence on seasonal performances
of air-to-water heat pumps for heating.
Energy Procedia, 81, 100-107.
https://doi.org/10.1016/j.egypro.2015.12.064

7



Thermodynamic Analysis of an Air Source Heat Pump for Kirikkale Province, Tan vd.

Yang, L., Yuan, H., Peng, J. W., & Zhang, C. L. (2016).
Performance modeling of air cycle heat pump
water heater in cold climate. Renewable
Energy, 87, 1067-1075.
https://doi.org/10.1016/j.renene.2015.08.055

Zhang, Q., Zhang, L., Nie, J., & Li, Y. (2017). Techno-
economic analysis of air source heat pump
applied for space heating in northern China.
Applied Energy, 207, 533-542.
https://doi.org/10.1016/j.apenergy.2017.06.0
83



Afyon Kocatepe Universitesi Uluslararasi Mithendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Cilt 7(1) (2024) Aralik (9-22 s) AKU IJETAS Vol 7(1) (2024) June (9-22 pp)
DOI:10.53448/akuumubd.1431294

Arastirma Makalesi / Research Article

Sikistirma ile Ateslemeli Bir Motorda Farkli Piston Malzemelerinin Sonlu
Elemanlar Metodu ile Termal Davranislarinin incelenmesi

Mehmet Kutay Bayram’, Emrah Kantaroglu®’

22 Kirikkale Universitesi, Miihendislik ve Doda Bilimleri Fakiiltesi, Makine Miihendisligi Béliimd, Kirikkale.
e-posta: mehmetkutaybayram@outlook.com, ORCID ID: 0009-0000-9744-2363

e-posta*: emrahkantaroglu@kku.edu.tr, ORCID ID: 0000-0002-6127-4318

Gelis Tarihi: 03.02.2024 ; Kabul Tarihi: 25.03.2024
0z
Silindir igcinde yanma sonu olusan yiiksek basing ve sicakliktaki gazlar yapisal ve termal yiiklere neden
olmaktadir. Termal yike maruz kalan piston, ¢alisma sirasinda sicaklik degisimleri nedeniyle termal

gerilmelere de maruz kalmaktadir. Bu ¢calismada, Renault F8Q706 motoru igin segilen 3 farkl piston
malzemesi igin sicaklik dagilimi, 2500 dk™ motor hizinda ve tam ylk kosullarinda sonlu elemanlar
metodu (SEM) hesaplanmistir. Bu piston malzemeleri aliminyum alagim-6061, yapisal gelik ve
Anahtar kelimeler magnezyum alasim-AZ91D’ dir. Analizlerde, yanma sonu yiiksek basing ve sicakliga maruz kalan piston
yuzeyleri incelenmistir. Hesaplamalarda silindir igi sinir sartlari, bu motor igin 1-Boyutlu (1B) olarak
Ricardo-Wave yazilimi ile olugturulan motor modelinden ve literatiirden alinmistir. Pistonun 3-Boyutlu
(3B) ¢izimi SolidWorks yazihminda ve SEM analizleri ANSYS Steady State Thermal modilinde
yapilmistir. Analizler sonunda, pistonun yiizey sicakliklari ile piston ylizeyi ve komsulugundaki gazlarin

1sl transfer performanslari hesaplanmistir. Analizlerde, 1B motor modelinde hesaplanan silindir igi

Sonlu elemanlar
metodu; Isi transferi;
Piston; Termal yuk.

yanma sonu ortalama gaz sicakhgl 1238,8 K iken, yapisal ¢elikte 1310,4 K ve magnezyum alasim-
AZ91D’ de ise 1372,9 K olarak hesaplanmistir. Bu sicakliklar, kullanilan her malzeme igin benzer
sicaklik dagilimi gostererek, yanmaya direkt maruz kalan piston Ust ylizeyi ve hemen alt ylizeyinde en
yuksek degerlerde, piston etek bolgesinde ise en az degerlerde hesaplanmistir. Piston malzemesi
olarak kullanilan aliiminyum alasim-6061 malzemesinin pistondaki isil yayihmi arttirdigi géralmastir.

Investigation of Thermal Behaviors of Different Piston Materials in a
Compression Ignition Engine Using the Finite Element Method

Abstract

High pressure and temperature gases formed as a result of combustion cause structural and thermal

loads. Thermal load also causes thermal stresses in the piston. In this study, the temperature
distribution of 3 different piston materials for the Renault F8Q706 engine was calculated with the finite
element method (FEM) at 2500 min-1 and full load. These materials are aluminum-alloy-6061,
structural-steel and magnesium-alloy-AZ91D. In the analyses, piston surfaces be examined. In the
Keywords calculations, in-cylinder boundary conditions were taken from the 1-dimensional engine model created
Finite element method;  with Ricardo-Wave software for this engine and from the literature. The 3-D drawing of the piston was
Heat transfer; Piston; made in SolidWorks software and FEM analyses were made in ANSYS Steady State Thermal module. At
Thermal load. the end of the analyses, the surface temperatures of the piston and the heat transfer of the piston
surface and adjacent gases were calculated. As a result, while the average in-cylinder combustion end
gas temperature calculated in the 1-dimensional engine model is 1238.8 K, it is calculated as 1310.4 K in
structural steel and 1372.9 K in magnesium alloy-AZ91D. These temperatures are similar for each
material used. Temperatures were calculated at the highest values on the upper surface and
immediately lower surface of the piston, and at the lowest values in the piston skirt region. It has been

observed that the aluminum alloy-6061 material increases the thermal dissipation in the piston.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

1. Giris

icten yanmali motorlarda kullanilan petrol tiirevi

yakit  bagimhligi ginden gline vyeni vyakit
teknolojilerinin veya mevcut motor teknolojilerinin
gelistirilmesini zorunlu kilmistir. Hem azalan petrol
rezervleri hem de bununla birlikte artan maliyetler,
cevresel kirlilik sorunlariyla birlestiginde yeni yakit
arayislari veya motor modifikasyonlari sirekli
olarak devam etmektedir. Uzun siireler boyunca,
devletler  6zelindeki

devletler ve stratejik

kamu/6zel sektér temsilcileri, icten yanmali

motorlari yiiksek verimlilikte, maksimum yakit

faydasi saglanarak daha c¢evreci bir sekilde
kullanmayi amaclamislardir. Bunun icin ise en klasik
yontemler olarak motor geometrisi degisiklikleri
yapilmis ve yeni yakit arayislari denenmistir. Ancak
bu yontemler, giinimiz diinyasinda gelisen dijital
teknolojiler yaninda gecerliligini  kaybetmeye
baslamistir. Bu da ulasimda icten yanmali motor
kullanimini iyiden iyiye kisitlamaya baslamis ve
alternatif bir ulasim imkani saglayacak olan
elektrikli motor teknolojileri hizla bu calismalarin
esas konusu haline gelmistir. Dinyada icten
yanmali motor kullanimina bakildiginda, 2035’ten
itibaren basta AB (lkeleri olmak Uzere, ABD,
Kanada, Hindistan, Cin gibi bircok tlke benzin ve
dizel vyakit kullanimini sifirlayacagini ve igten
yanmali motora sahip arag¢ satisini yasaklayacagini
actklamustir.  Tarkiye'nin ise tarafi oldugu Paris
Anlagsmasina gore 2030-2050 vyillari arasinda bu
gecisi
https://www.mfa.gov.tr/paris-anlasmasi.tr.mfa

(12.12.2023). Bu Ocak 2024'te
yayinlanan TUIK  verilerine bakildiginda,
Turkiye’deki 15.333.952 otomobilin %1,5’i hibrit ve

%0,6’s1 tamamen elektriklidir. Yani hali hazirda

tamamlamis olmasi gerekmektedir

baglamda

kullanilmakta olan 15.011.939 adet icten yanmali
motora sahip otomobil bulunmaktadir
https://data.tuik.gov.tr/Bulten/Index?p=Motorlu-

Kara-Tasitlari-Ocak-2024 (04.03.2024). Bahsedilen
sinirlamalar ve anlasmalar geregince, hedeflenen
tarihlere kadar elektrikli ara¢ gecisinin saglanmasi
beklenmektedir. Ancak halihazirda icten yanmali
hem de ulkemizde

motorlar hem diinyada

kullanmaktadir. icten yanmali motorlar 6zelinde

dizel vyakit kullanan sikistirma ile ateslemeli

motorlar da hem blyldk tonajli ulastirma

hizmetlerinde hem de elektrik Uretiminde olduk¢a
onemli yere sahiptir. Bu nedenle sikistirma ile

ateslemeli motorlarin  kullanimi yeni  yakit
teknolojileri  kullanilarak hafifletilen  emisyon
salinimlari ile devam edecektir. Bir sikistirma ile
ateslemeli motorda kullanilan yakit kaynakh

saglanan yakit enerjisi, ekzotermik bir 6zellikte olan
yanma olayl sonunda elde edilen isi lretimi ile
termal ve mekanik kayiplara maruz kalarak efektif
is olarak ortaya cikmaktadir. Motordaki 1s1 efektif
ise donlsirken elde edilen kayiplar neticesinde,
motor pargalarinin sicakliginda da artisa neden
olmaktadir. Bu nedenle yanma odasinda
gerceklesen isi transferinin neticesinde, malzeme
dayanimlari gozetilerek motor istenilen sicaklikta
tutulmaktadir.  Bu

gerceklesen motor sogutmasi

islemin  saglanmasi igin
her zaman igin
onemini koruyan bir alan olmustur (Paratwar ve
Hulwan 2013). Sikistirma ile ateslemeli motorda
yeterli sogutma olmadigi durumda, yanma odasini
cevreleyen piston Ust ylizeyi, atesleme segmani,
silindir kafasi ve supaplarda ortalama sicakhk 1273
K ile 1773 K araligindaki gaz sicakliklarina maruz
kalmis olacaktir (Aktas 2022). Bu durum da bu
metal motor

komponentlerinin I1sinmasina ve

malzeme dayaniminin azalmasina neden
olmaktadir. Ayni zamanda direkt ylksek sicakhk
nedeniyle ya da silindir ici kontrolsiiz yuksek
sicakhklarinin  yanma stabilitesini bozmasindan
dolayl emisyonlarin artmasi da kacinilmaz olarak
gerceklesir. Cevresel kirliligin en dnemli bolimind,
icten yanmali motorlardan c¢ikan egzoz gazl
emisyonlari olusturmaktadir (Abusoglu ve Kanoglu
2008). Motor
sonucunda, ¢cevreye verilen egzoz gazinin iceriginde
karbondioksit (CO,) ve su buhari (H,0) gibi temel
kirlilik
bilesenleri de bulunur. Bu bilesenlerden en 6nemli
(CO), yanmamis
hidrokarbonlar (HC) ve azot oksit (NO,)
bilesenleridir (AbdelRahman 1998) Yiiksek motor

sicakliklarinda, yanma stabilitesinin bozulmasina

icinde  gerceklesen yanma

yanma Urinlerinin  yaninda, c¢ok cesitli

Gcgd; karbon monoksit

bagli olarak CO emisyonu ve yakit tiketimi artar.
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Motorda artan yakit tiketimi, daha fazla fosil yakit
kullanimina neden olarak yanmamis hidrokarbonlar
(UHC) gibi
arttinr. Bunun yaninda ylksek sicakliklara direkt

kirletici emisyon gazi salinimlarini
olarak bagh olan, insan sagligi ve bitkisel Gretim
lzerinde ciddi etkileri olan NO, emisyonlarinin
salinimi da artar (Hao vd. 2023). Sikistirma ile
ateslemeli motorlarda yakitin yanmasi ile silindir
%30-37’si
kullanilabilir ise dontstirilmektedir. Silindir igine

icine giren enerjinin efektif olarak

giren bu enerji, efektif ise dondstirilirken %30-
35’i egzoz gazlar tarafindan egzoz ile disari atilir,
%10-12’si iletim, tasinim ve isinim ile silindir disina
%17-26's|
duvarlarina enerji akisi seklinde kaybolur. Silindir

transfer  olur, gazlardan silindir
duvarina olan bu enerji akisi piston ve silindir
duvarlarinin sicakliginin yikselmesine neden olur.
Bu yiksek sicaklklar daha yiksek isil verim ve
azaltilmis sdrtiinme kayiplari saglayacak olsa da
yuksek sicaklik, termal gerilimlerin neden oldugu
mekanik genlesme ve bozulma nedeniyle motorun
belirli hayati pargalarina zarar vermektedir. Piston,
silindir seklindeki bir piston gomleginin icerisinde
dogrusal olarak hareket eden bir hareket
elemanidir. Silindirik bir kesite sahip olan piston,
silindir icerisinde (st 6li nokta ve alt 6l nokta
arasinda belirli zamanlara gore hareket eder.
Pistonun ana gorevi, icinde bulundugu silindir
icindeki hava/yakit karisimini sikistirmak, ardindan
da bu karisimin yanmasi sonucu yanma hacminde
olusan vyuksek sicaklik ve buna bagh yiliksek
genlesme basinciyla hareket saglamaktir. Pistonlar
genellikle metal alasimlarindan vyapilir. Bu
alasimlar, alasimli celikler, dékme demirler ve
Motor

tarafindan, hafif ve sekil verme kolayliklari gibi

alasimh  aliminyumlardir. imalatcilari
ozelliklerinden dolayi aliiminyum alasimlari sikca
tercih edilmektedir. Bununla beraber aliminyum
alasimlarin genellikle 1si iletim katsayilarinin yiksek
olmasindan kaynakli olarak sty iyi iletmeleri ve
boylece daha erken donemde sogutulabilmeleri de
kullanimlari  agisindan avantaj saglamaktadir.
Pistonun yapisal yiike ve termal yiklere fazlasiyla
maruz kalan boélimiine

piston ylzeyi

denilmektedir.

Piston geometrik olarak karmasiktir bir yapidadir,

¢linkli  motor degisken ortam kosullarinda
calismaktadir. Piston, bir devirde gazlar ve ivme
kuvvetleri tarafindan degisen basing ve sicakliga
maruz kalir. Piston ylzeyindeki basing ve sicaklik
dagilimlarinin  hesaplanmasi oldukca Onemlidir.
Termal analiz bir nesnedeki sicaklik dagihmini
belirlemek icin kullanilir (Singh ve Parmanik 2015).
Bir pistonun tasarimi sirasinda, pistonun termal
gerilmelerini ve deformasyonlarini bulmak igin

piston sicaklik dagihmini  bulmak 6nemlidir
(Wannatong ve Sanitjai 2008). Morel ve Keribar
(1990) bir buiji ile ateslemeli motorun sicaklik ve isi
analitik olarak

akis dagilimini incelemislerdir.

Calismalarinda  teorik  yaklasim ve  sayisal
similasyon olmak lzere iki yontemle hesaplamalar
yapmislardir. Teorik yaklasim, her bir krank doénis
acisinda basing, sicaklik ve hacim hesaplamasi ile
yapilmistir. Sayisal similasyon ise, ANSYS yazilimi
kullanilarak eliptik piston profili analiz edilerek
yapilmistir. Sayisal ve teorik sonuclar
karsilastirmalar sonucunda sayisal sonuglarin teorik
sonuclarla uyumlu oldugu goérilmistir. Douglas
Baker (1994), bir dizel motor icin eslestirilmis
termodinamik ve i1si transfer analizi metodolojisini
1B ve 2B olarak incelemislerdir. Calismalarinda, isi
akisi sonlu eleman modelleri ile, piston ve silindir
sicakliklari ve 1s1 transfer oranini bulmak igin
CATIA

Sonlu Elemanlar

kullanilmistir.  Pistonun  modellenmesi
yazilminda gerceklestirilirken,
Analizi icin ANSYS workbench kullaniimistir. Sonlu
elemanlar analizinde Von Mises gerilme kriteri
kullanilmistir. Kajiwara vd. (2011) calismalarinda,
FEM kullanarak piston icin bes farkli malzemenin
gerilme dagilimini, termal gerilmelerini ve mekanik
ozelliklerini

incelemislerdir.  Simulasyon igin

kullanilan parametreler; ¢alisma gazi basinci,
sicakhk ve pistonun malzeme ozellikleri olarak
belirlenmistir. Calismada kullanilan motor, Bajaj
Kawasaki motosikletinin dért zamanli tek silindirli
FEA kullanilarak farkli

malzeme pistonlari {izerindeki maksimum gerilimi

motorudur. Sonuclar,
ve kritik bolgeyi tahmin etmektedir. Catia v5
yazilimi kullanilarak tasarim ve Ansys 14.5 Statik ve
termal stres analizinde Ansys yazilimi kullanilarak
analizler gercgeklestirmislerdir. Yapisal ve termal
analizler goézlemlenerek sonuclara goére uygun
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malzeme optimize edilmistir. Winkler ve Parker
(1993), termal bariyer kaplamanin dizel motor
performansi ve bilesen omri Uzerindeki etkilerini
incelemislerdir. Deneysel ve similasyon
karsilastirmasi yaptiklari ¢alismalarinda sonuglar
arasinda yiksek derecede uyum gozlemislerdir.
Kendilerinin gelistirdikleri similasyon programi ile
piston segmani hareketlerini ve blow-by/blow-back
akisini  simiile etmislerdir. Segman profilinde
cebirsel bir denklem bulunmadigindan, sunulan
similasyon tekniginin piston ve segmanlarin
karmasik vyuzeyleri icin uygun oldugunu tespit
etmislerdir. Hamzehei (2006), gercek testte bir 4
motorun silindir
farkh

OlcUslerdir. Sonuglarda, piston ve silindir kapagi

silindirli  benzinli piston ve

kafasinin sicakhgini parametrelerde
Gzerindeki cesitli noktalarda sicakligin zaman ve
motor hiziyla degistigi ve artan devirlerde arttigini
tespit etmislerdir Uzuneanu vd. (2008), etanol-
benzin  karisimiyla  beslenen  bir atesleme
motorunun piston basindaki isi transferini, basit
termal aglardan ¢ok boyutlu diferansiyel denklem
modellemesine kadar modellemislerdir. Etanol-

petrol karisimlarinin, saf benzin muadillerine
kiyasla dislik enerji icerigiyle taninmasina ragmen,
daha yilksek hacimsel verimlilige, daha yiksek
arastirma oktan sayisina, daha hizli yanmaya ve
daha az hassasiyete sahip oldugunu bildirmislerdir.
Bu nitelikler karisim yakitlara gelismis gic cikisi,
gelismis sikistirma orani ve daha az vuruntu egilimi
Gustof (2009),

motorun calisma baslangicindaki piston icindeki

kazandirmistir. turbosarjli dizel
sicakhk dagihmini, iki bélge yanma modeli ve sonlu

eleman yontemi kullanarak belirlemislerdir.
Pistonun 1s1 ylklerinin sayisal hesaplamalarinin
sonuglari, orijinal iki bolgeli yanma modelinin ve
sonlu elemanlar metodunun pistonun bireysel
gecici  sicakhk

kullanilabilecegini

ylzeylerindeki degerlerin ve

dagiliminin analizi icin

gostermistir.

F8Q706 motorunun
demontaji gerceklestirilerek, birebir silindir ol¢ileri

Bu c¢alismada, Renault

alinmis ve piston geometrisi olusturulmustur.
Motorun fiziksel ve kimyasal 6zellikleri kullanilarak
motor ilk olarak 1B modellenmis ve buradan
hesaplanan silindir ici karakteristikler ANSYS Steady

State Thermal Modilinde sinir

kullanilmistir.

sarti olarak

Yapilan termal analizlerde farkl

piston malzemelerinin  termal  davranislari
incelenmistir. Bu calismada literatirden farkh
olarak, motorun silindir i¢i parametrelerinin

belirlenmesi icin motor testleri ile dogrulanmis bir
1B modelinin olusturulmasi ve buna bagli olarak
kombine bir yaklasimla 3B termal piston modelinin
farkh farkh

incelenmesi yaklagimini

gelistirilmesi bolgelerin sayisal
modellerle
sergilemektedir. Bunun sonucunda, farkli piston
incelenmesi  ve model

malzemelerinin coklu

kullanimi  ¢alismanin genis bir kapsama sahip
oldugunu gostermektedir. 1B motor modelinde 1si
transferi, yanma ve tirbilans fizigi, 3B termal
piston modelinde de bunlara ilave, malzeme yapisi
ve Isi iletim mekanizmalarinin  tanimlamalari
yapilmistir. Hem motor hem de piston termal
modellerinin birbirinden bagimsiz ¢alistiriimasi,
ancak sonuglarin birbirinin temellerini olusturmasi
zincirleme etkilerin

bakimindan bu ¢alisma

goraldigh  bir  incelemeler bitiniadir.  Bu
calismadaki yaklasimlar ile, pistonda olusan termal
ylkler, testlere gore daha kolay ve hizli bir ilerleme

saglanarak incelenmistir.

2. Materyal ve Metot

Bu c¢alismada, motor pistonunun termal
analizlerinin yapilabilmesi icin Renault F8Q706
motoru oOncelikle Ricardo-Wave vyaziliminda 1B
olarak  modellenmistir. 1B motor modeli
analizlerinin, literatlirde yer alan test sonuclariyla
dogrulanmasinin ardindan, elde edilen silindir ici
karakteristikler 3B Piston Termal Yik Analizinde

sinir sarti olarak kullaniimistir.
2.1 1B motor modeli
Ricardo-WAVE 2019.1 vyazilimi

Motor
boyunca ana akis yolu icin bu 1B motor modeli, her

Bu calismada
kullanilarak 1B model olusturulmustur.
bir bilesenin ilgili 6zelliklerini tanimlayarak motor
bilesenleri arasinda bir ag kurma mantig ile
olusturulmustur. 1B motor modeli akis yolu icin
akiskan akisi, 1s1 transferi, termodinamik, yanma ve
emisyonun birgok fizigini icerir. WAVE simiilasyon
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yazilmi, sikistirilabilir  gaz kitle,

momentum ve enerji transferini yoneten Navier-

akislari icin

Stokes denklemlerinin 1B formunu c¢6zmektedir.
Bunun yaninda modellemede yanma ve emisyonlar
icin alt modeller bulunmaktadir. 1B motor modeli
olusturulurken akis

sirtinmesi, tdrbulans, sl

transferi, yanma, emisyon icin bu modeller
kullanilir. Bircok motor bileseni, 1B motor modeli
yazilimi kiitiiphanesinde modiiler olarak mevcuttur.
1B motor modelindeki her bir bilesen, test
donanimi ve test edilen motor igin gecerli olan ilgili
geometrik ve fiziksel parametreler kullanilarak
tanimlanmistir. Motorla ilgili parametreler motorun
teknik ozelliklerinden elde edilmistir (Lapuerta vd.
2000). Bu ozellikler Cizelge 1 ve Cizelge 2'de
verilmistir. Motorun 1B modeli olusturulurken akis
agindaki ilgili tim geometriler ve fizik (geometri,
yanma, emisyonlar, tlrbllans, 1si transferi ve
sirtinme) tanimlanmistir. Genel olarak Wave
programi 1B similasyonlar icin asagidaki modelleri
kullanir:

e Isi transferi analizleri icin Woschni (Woschni
1967),

e Yanma icin Diesel Wiebe (Ghojel 2010, Wiebe
1956),

e Emisyonlardan CO ve CO, icin Newhall emisyon
modeli (Newhall 1969), HC icin Cheng (Cheng vd.
1993), NO, i¢in Zeldovich mekanizmalarina dayanan
1971) ve Heywood

korelasyonlari kullanilmistir (Heywood 1988).

Fenimore  (Fenimore
e Mekanik kayiplarin hesaplanmasinda literatlrde
%10 hata payina sahip oldugu bilinen Chen-Flynn
korelasyon modeli kullaniimistir (Pipitone 2009).

Yakit tanimlamasi Wave icerisindeki hazir dizel
yakit kitlphanesi kullanilarak yapiimistir. 1B motor
modeli, motor testlerindekine benzer kosullar
altinda calistinlmistir. Krank agisina gore sicaklik,
basing ve emisyon gibi temel fiziksel buyuklikleri
okumak icin modelin belirli noktalarina sensérler
Modelde

zamanlamasi ve atesleme zamanlamasi gibi calisma

yerlestirilmistir. motor devri, valf
kosullari tanimlanmistir. Her bir motor test kosulu
icin, veriler okunmadan 6nce tamamen kararh
durum kosullarinin saglanmasi amaciyla 250 motor
Uzerinde analizler

cevrimi gerceklestirilmistir.

Zaman adimi carpani ve yakinsama kriteri sirasiyla

0,1 ve 0,001 olarak ayarlanmistir. Sekil 1'de
gosterildigi gibi, 1B motor modeli, motor testindeki
emme hattinin basindan egzoz hattinin sonuna
kadar tim ana akis bilesenlerini igerir. Bu bilesenler
temel olarak filtre, emme hatt, emme havasi
debimetresi, gaz kelebegi valfi, emme manifoldu
portu, emme valfi, yakit hatti, silindir, piston,
motor blogu, egzoz valfi, egzoz manifoldu portu ve
egzoz hattindan olusur. 1B motor modelinde her
bir bilesenin ilgili 6zellikleri tanimlanarak ayri ayri
olusturulmustur. Bu bilesenler arasinda uygun
iliskiler  kurularak, sinir kosullariyla birbirine
baglanmistir. Modelde, bir bilesenin ciktisi, bir
sonraki bilesenin girdisi olarak tanimlanir. Bu
kutle,
momentum ve enerji transferini yoneten Navier-
Stokes

¢ozlilmektedir.

sekilde, sikistirilabilir gaz akislari icin

denklemlerinin  tek boyutlu formu

Kodda sinir kosullari  olarak
tanimlanmasi gereken bazi 6énemli sicaklik degerleri
vardir. Bu degerler yaygin literatlirden alinarak
Cizelge 2’ de verilmistir (Heywood 1988, Mabhle
2012, Winterbone 2015). Bu degerler motor hizina
bagl olarak piston sicakhgi, silindir kafasi/duvar
sicakhgl, emme/egzoz valfi sicakligidir. 1B motor
modeli, literatliirdeki motor testlerinde var olan
kosullar altinda calistinlmistir (Caro vd. 2001).
Sicaklik,

bilyikliklerin okunmasi icin model Gzerinde belirli

basing, emisyon gibi gerekli fiziksel

noktalara bircok sensor yerlestirilmistir.

Cizelge 1. Motor oOzellikleri (Caro vd. 2001).

Motor modeli Renault F-Type F8Q 706

Silindir sayisi 4
Strok hacmi, cc 1870
Piston ¢api, m 0,08
Strok mesafesi, m 0,093
Sikistirma orani 21,5:1
Maksimum tork, Nm 2500 dk ™ 118
Maksimum giig, kW 4500 dk™ 47

Cizelge 2. Sinir sartlari (1B model) (Heywood 1988,
Mahle 2012, Winterbone 2015, Aktas 2022).

Sinir sartlar Basing (Bar) Sicaklik (K)
Girig (Hava) 2,56 327,5
Cikis (Egzoz gazlari) 2,83 904
Piston - 595
Emme portu - 323
Egzoz portu - 490
Silindir gomlegi - 616
Silindir kafasi - 635
Emme supabi - 345
Egzoz supabi - 500
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.
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€O, CO,, 0,, HC, NO,

Renault F-Type F8Q 706

Sekil 1. 1B motor modeli.

1B model dogrulamalarinda motor katalog glic
degerleri ve literatlirde ayni motor icin yapilan
deneysel calismalardan yararlaniimistir. 1B modelin
dogrulanmasina yonelik karsilastirmalar Sekil 2'de
verilmistir. 1B modelde dizel yakit i¢in tam yikte
elde edilen glic parametresi incelendiginde, katalog
ve literatlir calismasinda yer alan gic
parametrelerinin  de ayni  artisi  gosterdigi
goralmektedir (Caro vd. 2001, Engine Catalog
2021). 1B motor modelindeki glic parametresi,
literatlir test calismasinda vyayinlanan gig
parametresinden 1000-2000-3000-4000 dk™ igin
%8,526-%8,555-%7,596-%8,965  daha

Benzer sekilde 1B motor modelinde

siraslyla
fazladir.
hesaplanan glic parametresi motor katalog giic
parametresine gore 2500 dk’da %8,785 ve 4500
dk-1'da %9,457 daha ylksektir.

Motor literatirdeki
calismalardan elde edilen motor glicleri ile mevcut

katalog glcu ile diger
1B motor modeli kosullari (dizel icerigi, ortam
kosullari, motor asinmasi vb.) arasinda farkhliklar
bulunmaktadir.  Yani 1B
farklihklar
kaynaklanmaktadir. 1B model analizlerindeki bu

modelde gozlenen

model yaklasimlarindan

farkhligin temel nedeni, emme havasli ve egzoz gazi

basing ve sicakhklarindaki farkliliktir. Buradan da
anlasilacagl Uzere bu calismada modellere test
kosullari mimkiin oldugu kadar dogru sekilde
uygulanmustir. 1B modellemede motorun
maksimum tork devri olan 2500 dk™ ve tam yik
kosullari icin silindir ici gaz sicakligi ve basinci
hesaplanmistir. Hesaplanan bu degerler Denklem
4’teki
hesaplamasinda kullanilmistir. Bu degerler Cizelge
3’te verilmistir.

silindir ~ i¢ci  1s1  tasinim katsayisi

60

v
o

S
o

Efektif Gug (kW)
> S

—_
o

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Motor Devri (d/dk)

¢ Motor Katalog —o—Caroetal. ---A--- 1-Boyutlu_Model

Sekil 2. 1B motor modeli dogrulamalari.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

Cizelge 3. 1B motor modelinden hesaplanan silindir igi
parametreler.

1B model silindir i¢i parametreleri

Maks. silindir igi basing, MPa 11
Maks. silindir igi sicaklik, K 3000

2.2 3B piston termal analizi

Piston geometrisi, Cizelge 1 ve C(Cizelge 8 den
boyutlari belirlenerek modellenmistir. Bu gizelgeler
olusturulurken geometrik oOzellikler, Sekil 3’te
demonte hali verilen Renault F8Q706 motorunun
demontaj edilmesinden sonra 6lgllmis ve piston
modellenmistir. 3B c¢izimi yapilan ve Sekil 3’te
demonte motor (izerinden gosterilen piston
geometrisi, bilesen ve ylizey modellemede, sanal
montajda ve miihendislik ¢izimlerinin
olusturulmasinda kullanisli olan 3B modelleme
yazihmi SolidWorks paket programi kullanilarak
Sekil 4’teki gibi olusturulmustur. Cizilen kati model
birden fazla yontemle olusturulabilmektedir. Cizim

sirasinda butin parcalar tek bir ¢izim dosyasi olarak

cizilmistir. Sekil 4’te 3B termal analizlerinde
kullanilan  model geometrisi verilmistir. Bu
¢alismada, Renault marka F8Q706 motorunda

piston malzemesi olarak, aliiminyum alasim-6061,
alasim-AZ91D
malzemeleri kullanilarak olusturulmustur. Malzeme

yapisal c¢elik ve magnezyum

ozellikleri Cizelge 4’ te verilmistir.

RENAULT F-TYPE F8Q 706

Sekil 3. Modellenen motor ve piston gortntiileri.
PUCPEE- D 204D

|
A

el

Sekil 4. Piston geometrisi.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

Cizelge 4. Malzeme ozellikleri (Ashby 2021).

o Aliminyum  Yapisal Magnezyum

Ozellikler Alagim 6061 Celik  Alasim AZ91D
Yogunluk, p (kg/m’) 2713 7850 1810
Isi iletim katsayisi, k
(W/m°C) 167,6 60,5 71,97
Sabit basingta 6zgil 1si, ¢,

o 896,8 434 1050

(/kg"C)
I5|I2yay|I|m katsayisi, a 6,9x10° 1.8x10° 3 8x10°
(m/s)
Bir termal sistem c¢oziimlenmesinde, kismi

diferansiyel denklemlerin sayisal olarak ¢6zimi
SEM (sonlu elemanlar metodu) analizlerinin temel
amacidir. Karmasik geometrilerde olusturulan ag
yapilari sayesinde, geometri daha kiiclik parcalara
ayrilarak Navier-Stokes denklemleri ¢ozlilmektedir.
Ag vyapilari, problem durumuna gore iki ve Ug
boyutlu olarak kullanilabilmektedir. Ag yapisi; parca
tabanli, montaj tabanli ve dinamik olarak (ce
farkl
sekillerde

Buna ag vyapilari

geometrik

bagh olarak
farkl
olusturulabilmektedir.

ayrihr.
boyutlarda ve
Bu calismada olusturulan
piston geometrisi modelinin mesh yapisi Ansys-
Workbench modilii ile olusturulmustur. Ansys-
Workbench’de termal analizler sirasinda mesh
metrikleri olan en-boy orani (aspect ratio) (1 ve 2
arasinda) ve narinlik (skewness) (0,9'dan kiglk)

onemli parametrelerdendir.

Sayisal analizlerde mesh bagimsizligi testleri, ¢6ziim

sonuglarinin mesh sayisina duyarhligini

degerlendirmek ve en uygun mesh sayisini

belirlemek amaciyla yapilir. Bu yontem, farkl
mesh kullanarak, arasinda
tutarhlik

glvenilirligini artirir. Sonug olarak, daha uygun bir

sayilarda sonuclar

onemli  bir saglayarak  analizin
mesh sayisinin kullanilmasi, daha kisa bir zaman
diliminde daha hizli, daha giivenli ve daha verimli
similasyonlara olanak tanir. Sekil 5’te aliiminyum
alasim-6061 igin yapilan mesh bagimsizlik ¢calismasi

ve secilen uygun mesh sayisi gosterilmistir.

1.300,0
8,800 1238,836 1238,846  1238,868
1.250,0 1
1190,2
g 1.200,0 +
=
£1.150,0 4
s
t
5
= 1.100,0 4
10500 £ 1033799
1.000,0 + + + + i
6,00E+05 7,00E+05 8,00E+05 9,00E+05 1,00E+06 1,10E+06
Mesh sayisi

802375

Sekil 5. Mesh bagimsizlik testi.

Sekil 6’da piston modeline tanimlanan mesh yapisi
Cizelge 5'te ise mesh sayilari verilmistir.

Sekil 6. Mesh yapisi.
Cizelge 5. Mesh istatistikleri.

Mesh yapisi Diigiim sayisi (Adet) Eleman sayisi (Adet)
ince Ag 1351241 802375
2.3 Analitik hesaplar

Bu calismada piston termal analizi sirekli durumda
gerceklestirilmistir. Pistonun 1s1 transfer analizi,
iletim ve tasinimla 1s1  transferi kullanilarak
gerceklestirilmistir. Piston sinirlarindaki 1si tasinim
katsayisi ve ortam sicakhgini hesaplamak icin
ylzeydeki enerji dengesi saglanarak ve 1B model

kullanilarak sinir sartlari buna gore kullaniimistir.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

(zhang ve Xing 1998). Denklem 1’de Fourier 1isi
iletim denklemi verilmistir.

« Z=h (1T (1)

Denklem 2’de termal yike neden olan ve diger
ylzey sinir kosullarinin hesaplanmasinda kullanilan
ortalama gaz sicakliginin denklemi verilmistir. Gaz
sicakhigr bir motorda krank mili agisinin bir
fonksiyonu olup krank mili agisiyla degisir. Bu
nedenle, strekli durum termal analizi icin asagidaki
iliskiyi kullanarak ortalama gaz sicakhgl ortalama

gaz basincindan elde edilebilir (Heywood 1988).

_ Pprt VM
9~ MRy

(2)
1B motor modelinden hesaplanan Cizelge 3’ de
verilen maksimum silindir ici basing ve sicakhklar
tasinim  katsayisinin

Denklem 3’ de
hesaplanmistir (Shudo 2002). Burada maksimum

kullanilarak silindir ici s
hesaplandigi  ampirik iliski
silindir ici basing ve sicaklik i¢in hesaplanan silindir
ici 1s1 tasinim katsayisi, Cizelge 7’de gosterildigi gibi
3B termal analizlerde sinir kosulu olarak kullanilir.

h = 5,41x10™P¥*Tg"*(1+1,24C,) (3)

Ayrica literatlirden alinan ve vyik analizi

tanimlamalarinda kullanilan gaz parametreleri

Cizelge 6’da verilmistir.

Cizelge 6. Gaz parametreleri (Kumar, 2017).

Parametreler Degerler

Gaz sicakligl, Tg 3000 K

Gaz isi taginim katsayisi, h 637,63 W/m2 K
Silindir duvar sicaklig, T, 245°C

Duvar termal iletkenligi, k 46 W/mK
Duvar kalinlig, tq4 4,2 mm

Sogutma su sicakligi, T, 80 °C
Sogutma suyu Isi taginim katsayisi, hg, 1400 W/m*K

Piston ylzeylerinin sinir kosullari, A bélgesinden H
bolgesine  kadar
hesaplanmistir. Piston tepe yiizeyinde (A bolgesi),

sayisal ylzey araglariyla
yanma odasinda yanma sonucu olusan vyiksek
basing ve sicakliga maruz kalan ylzeydir. B bolgesi,
piston tepesi ile silindir gomlegi arasinda kiglk bir

bosluk oldugundan, yakalanan gaz sicakhgl bosluk

ylzeylerinin ortalama sicakhgidir (Buyukkaya 2008).
Bu nedenle, isi transferi tasinimla gercgeklesir. Diger
halka yuzeylerindeki (D ve E) isi tasinim katsayisi,
gaz I1sI tasinim katsayisinin {gte biri olarak alinir ve
ortam sicakhgi sirasiyla D ve E igin ilk halka ylzey
sicakhginin %69,5 ve %66,5’idir (Esfahanian vd.
2006). Etek yizeylerindeki (F) i1s1 transferi, dislik bir
katsayi ile tasinimla 1si transferi yoluyla gerceklesir
(Zhang ve Xing 1998). Piston alt ylzeyi (G ve H) iki
bolgeye ayrilmistir: H bolgesi, piston tepe ylzeyinin
alt ylzeyi motor yagindan faydalanilarak sigrama
sogutma tipi ile sogutulur. Bu boblgede ortam
sicaklig yag sicakligi olarak alinir. Bu boélgelerdeki
her iki 1sI tasinim katsayisi da Denklem 4’ te verilen
ayni formdl ile hesaplanmistir (Esfahanian vd.
2006).

_ n 10,35
hy =900 () (4)
Termal analizlerde kullanilan ve 1B model
yardimiyla elde edilen silindir ici basing ve

sicakliklara dayanarak hesaplanan piston ylizey
sinir sartlart Sekil 7’ deki isimlendirmelere gore
Cizelge 7’'de verilmistir.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

A
B
C
H D
&=
E
€
G F
Sekil 7. Pistonun 1si1 degisim ylizeyleri.
Cizelge 7. Piston yuzey sinir kosullari.
Yiize Ist
Termal " . ! transferi
Hesaplama yontemi sicakhg
sinir (K) katsayisi
(W/m’K)
Pistontepe 15 1 delve Denklem3 300000 637,63
ylzeyi, A
B bolgesi 1B model 1337,32 204,56
Segman
yuzeyleri, 1B model 911,34 1055,46
C
D bolgesi 1143,69 213,27
(Esfahanian vd. 2006)
E bolgesi 1123,04 213,27
Piston 1B model 911,34 141,45
etegi, F
G bolgesi Denklem 4 1014,61 727,04
H bolgesi Denklem 4 1014,61 727,04

incelenen motora ait ozellikler, termal analizi
yapmak ve sicaklik dagilimini belirlemek icin Cizelge
1 ve Cizelge 8'de verilmistir. Cizelge 8'de, pistonun
birebir F8Q706
motorundan olgilerek verilmistir.

boyutlari Renault  F-Type

Cizelge 8. Piston boyutlari ve 6zellikleri.

Piston parametresi Deger (mm)
Kompresyon yiksekligi 42,25
Yanma odasi derinligi 0,7
Tam boy 70,5
Piston atesleme seti dlgusl 12,5
Pim boyu 63
Piston pimi capi 24

1. Segman eksenel yuksekligi 2

2. Segman eksenel ylksekligi 2

3. Segman eksenel yluksekligi 3

Analizlerde kullanilan baslangi¢ giris kosullari 1B
modelden ve analitik denklemlerden hesaplanarak
Cizelge 9’da verilmistir.

Cizelge 9. Baslangic¢ parametreleri.

Tanimlamalar Degerler
T, (K) 3000
h (W/m’K) 637,63
P (MPa) 11
Mesh (Adet) 802375
Dugim sayisi (Adet) 1351241
iterasyon sayisi (Adet) 1000

3. Bulgular

Gelistirilen 3B termal

malzeme kullanimi i¢in pistonun yizeyindeki sicaklik

piston analizlerinde, farkl
degisimi ve 1si akisi degisimi incelenmistir. Cizelge 10’da
maksimum, minimum ve ortalama sicaklik degerleri
verilmistir. Pistonun sicakhg her (¢ malzeme icin de
genel olarak 1055,1 K ile 1858,9 K arasinda degismistir.
Biitin malzemeler igin, maksimum sicaklik piston Ust
ylzeyinde, minimum sicaklik ise piston eteginin altinda
gorilmustdr. Piston sicakligi her ¢ malzeme igin, (st
ylzeyden itibaren dizenli bir sekilde degismektedir.
Piston malzemesi olarak Aliminyum alasim-6061" de en
yliksek ylzey sicakhgi, lst ylizeyde c¢ok daha dar bir
alanda kalmakla beraber 1858,9 K olarak hesaplanmistir.
Ancak aliminyum alasim-6061’'in Cizelge 4’ te verilen
ozelliklerinden de anlasilacagi Gzere isi iletim katsayisi
digerlerinden yiksektir. Bu da iletimin daha iyi oldugunu
ve sicakliklarin yiizeyden iceriye dogru daha fazla
iletildigini gostermektedir. Bir diger termal parametre
olan ortalama sicaklik ise en az aliiminyumda olacak
sekilde 1238,8 K olarak hesaplanmistir. Burada ortalama
sicakhklar her bir mesh’ deki sicaklik toplaminin, toplam
mesh sayisina oranidir. Yani bir ylizeyde bolgesel olarak
daha yuksek sicaklik hesaplanmasina ragmen isiyi iletme
kabiliyetinin yiksek olmasi nedeniyle ortalamada daha
diisuk sicakliklar verebilir. Bu nedenle ortalama sicakhgin
minimum sicakliga daha yakin olmasi pozitif termal
davranis icin 6nemlidir.
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Sikistirma ile ateslemeli motorda farkli piston malzemesinin sayisal olarak termal davranislarinin incelenmesi, Bayram vd.

Cizelge 10. Analiz sonuglari

Aliiminyum . Magnezyum
Parametreler alasim-6061 Yapisal gelik aIasﬁn-AZ91D
Tmax (K) 1858,9 1699,8 1584,9
Trin (K) 1055,1 1152,7 1281,6
Tortalama (K) 1238,8 1310,4 1372,9

Tanimlanan bdlgelere gore Sekil 8 de termal olarak

incelenen yizeylerdeki sicakhklar verilmistir.
gibi daha

sicakliklarina sahip olan aliminyum alasiminin isiyi

Burada gorildagi yiksek ylzey

iletme kabiliyetinin de ylksek oldugu
gorilmektedir. Cizelge 4’ de verilen 1sil yayilim
katsayilari distnuldigliinde en yiksek isil yayilim
aliminyum-6061’ de en duslik 1sil yayihm da yapisal
celikte gerceklesmektedir. Hem Cizelge 4’ deki
ozellik tablosu hem de Sekil 8 deki sicakhk
konturlari birbirini bu anlamda desteklemektedir.
Isil yayitlimin yiksek olmasi malzemede depolanan
iIsinin daha fazla olmasi

istya karsilik, iletilen

anlamina gelmektedir. Bu nedenle, sogutma
sistemleri disliniildiglinde malzemenin isly1 iyi
iletmesi ve kendisinden uzaklastirmasi blyuk bir
avantajdir. Sekil 9’da da bdlgelere gore yizeylerde
gerceklesen 1s1 transferi piston malzemesine gore
olarak Yanma

karsilastirmali verilmistir.

reaksiyonlari  6zellikle 1B motor modelinde
maksimum motor tork devrinde gerceklestiginden
ve bu devirde motorun maksimum verimle
calismasindan dolayi, pistonda biitlin yizeylerde
belli seviyelerde sicaklik artisi gerceklesmistir.
Burada yanma reaksiyonlarinin ekzotermik davranis
sergilemesi ve yanma sonu sicakliklarinin yiksek
olmasi motor kosullarina baghdir. 1B motor
modelinde bu kosullar maksimum motor tork devri
(2500 dk) ve tam vyiik kosullarinda (%100 gaz
kelebek acikligr)

ylizeyinde en yliksek sicakhga erisilmistir. Sekil 9’da

alinmasindan dolayr piston
ise bolgelere gore isi transfer miktarlari verilmistir.

Burada gorildigu Uzere “C” bolgesinde 1si
transferinin yiksek oldugu goérilmektedir. Segman
kanallari olan C bdlgesinde az bir gaz bulunmasi ve
yliksek basinca dayali bir 1s1 tasinim katsayisi olmasi
dolayisiyla mevcut diger bolgelere gore daha
ylksek 1s1 akisi olusmaktadir. Bu sicakhk dagilimlari
her 3 malzeme icin de farkli seviyelerde de olsa
benzer trend gostererek degismistir. Bu durum

literatiir ile uyumludur (Singh ve Parmanik 2015).

Aliiminyum alasim-6061

Sekil 8. Sicakhk konturlari.

Aliiminyum alasim-6061

Yapisal celik

A: Steady-State Th

Total Heat Flux

Type: Total Heat Flu

Unit: W/m®

Time: 1

1.02.202417:33
3.6142e6 Max
3,2126e6
2,811e6
2,4095¢6
2,0079¢6
1,6063¢6
1,2047¢6
8,0317eS
4,016e5
28,352 Min

Magnezyum alasim

A: Steady-State Thermal

Type: Total Heat Flux

Unit: W/m*

Time: 1

6122031617
5.1918¢6 Max

461506
4,0381e6

346126
288466
230756
1,7306e6
1,1538e6
5,768%5
20,735 Min

Sekil 9. Isi transfer konturlari.
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4. Tartigma ve Sonug¢

Bu c¢alismada, 3 boyutlu bir piston geometrisinin
farkli
maksimum tork devrindeki 1si

termal analizi yapilarak, piston
malzemelerinin,
transfer  miktarlari  incelenmistir.  Kullanilan
malzemeler aliiminyum alasim 6061, yapisal celik
ve magnezyum alasim-AZ91D olmustur. Yapilan
incelemelerde, literatlirde ayni motora ait test
verileri ve motor katalog verileri ile dogrulanmis,
birebir fiziksel ve kimyasal 6zellikler kullanilarak 1B
modeli 1B motor

bir motor olusturulmustur.

modelinde hesaplanan gli¢, literatlirdeki ayni
motor icin yapilan bir test calismasinda yayinlanan
glic parametresinden 1000-2000-3000-4000 dk™
icin sirasiyla %8,526-%8,555-%7,596-%8,965 daha
ylksektir (Caro vd. 2001). 1B motor modelinde
hesaplanan glic, motor katalogundakine gore 2500
dkda %8,785 ve 4500 dk-1'da %9,457 daha
(Engine Catalog 2021).
verileri belli seviyelerde 1B modele yakindir. Bu
1B model

modelden silindir i¢i 6zellikler alinarak 3B bir

yuksektir Performans

dogrultuda dogrulanmistir. Bu 1B

termal piston analiz modeli olusturulmustur. Bu
analizlerde pistondaki sicaklik dagilimi ve sl
transferi incelenmistir. Analiz sonucunda her 3
malzemede de piston ylizeyinin ve piston ylizeyinin
alt ylizeyinde yanma sonu basin¢g ve sicakliklara
bagh olarak sicakhk artisi gorilmdastir. Ayni
zamanda bu sicaklik artisi ylizeyler ve ylizey
transfer

komsulugundaki bolgelerde ISl

miktarlarinda artisa neden olmustur. Ayrica
aliminyum alasimin en yiksek ylzey sicakliklarina
ulastigi  hesaplanmis ve sicaklik konturlarina
bakildiginda bu malzemenin isil yayiliminin yiiksek
oldugu gorilmdistir. Pistonun sicakhgi her Gi¢ malzeme
icin de genel olarak 1055,1 K ile 1858,9 K arasinda
degismistir. Piston sicakliklari farkli degerlerde de olsa
her (¢ malzeme igin, Ust ylzeyden itibaren dizenli bir
sekilde degismektedir. Piston malzemesi olarak
Aliminyum alasim-6061’ de en yiksek ylizey sicakligi,
1858,9 K olarak hesaplanmistir. Sonug¢ olarak,

dogrulanan 1B motor modelinden alinan
dogrulanmis veriler kullanilarak motor pistonunun
termal analizleri yapilmis ve sicakhk dagilimlari
incelenmistir. Bu dogrultuda incelenen aliiminyum
alasim-6061 malzemesinin pistondaki 1sil yayilimi

arttirdig1 géralmuastir.

Semboller
n Devir
T, Piston ylizey sicakhgi
Tg Silindir ici sicaklik
Te Sogutma su sicakligi
P Silindir i¢i basing
h Silindir igi 1s1 taginim
katsayisi
hg, Sog. su Isl tas. katsayisi
Ist iletim katsayisi
p Yogunluk
Co Ozgiil 1s1
o Isil yayilim katsayisi
Cort. Ortalama piston hiz
M Silindir i¢i gaz mol kitlesi
Port. Ortalama basing
\Y Silindir hacmi
m Kitle
Ru Universal gaz sabiti
ty Duvar kalinhgi
dT/dx Sicaklik gradyani
Cco, Karbondioksit
H,0 Su
co Karbonmonoksit
UHC Yanmamis hidrokarbon
NO, Azot oksit
FEM SEM
1B 1-Boyutlu
3B 3-Boyutlu
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Oz

Akciger timorleri glinimuzde sikhkla gorilir ve yaygin bir sekilde insanlarda 6limlere neden olan

tehlikeli bir hastaliktir. Ancak ¢ogu zaman uzmanlar tarafindan yapilan manuel tetkikler yanlis teshise
sebep verebilir. Bunun yerine bilgisayar destekli otomatik, dogru ve ayrintili yapilan erken kanser
Anahtar Kelimeler teshisine ihtiya¢ bulunmaktadir. Bu sebeple bu g¢alismada akciger hastaliklari ile yapilan galismalar
akciger kanseri, derin  ayrintili bir sekilde incelenmistir. Galismanin ilk asamasinda 1190 akciger tomografi gériintiisii dnerilen
sinir aglari, derin derin 6grenme modelleri i¢in hazirlanmistir. ikinci asamasinda ise derin 6grenme modellerinden
6grenme, BT, teshis Evrisimsel Sinir AgI (Convolutional Neural Network — CNN) ve Derin Sinir Aglari ( Deep Neural Network —
DNN) kullanilarak akciger timorleri ile normal akciger gortntilerinin tespiti gergeklestirilmistir.
Kullanilan her modelin dogrulugu duyarhlik, kesinlik ve F1-Skor gibi farkli degerlendirme metrikleri ile
hesaplanmis ve sonuglar karsilastirilmistir. Ayrica her model icin performans analizleri yapilmis ve

egitim, test ve valid gorlntdleri igin karmasiklik matrisleri ile ROC analizleri sunulmustur.

Prediction of Tumor Data from Lung Images with Deep Neural Networks
and Convolutional Neural Networks

Abstract

Lung tumors are common today and are a dangerous disease that commonly causes death in people.

However, manual examinations performed by experts can often lead to incorrect diagnosis. Instead,
computer-assisted, automatic, accurate and detailed early cancer diagnosis is needed. For this reason,
studies on lung diseases were examined in detail in this study. In the first stage of the study, 1190 lung
tomography images were prepared for the proposed deep learning models. In the second stage, lung
tumors and normal lung images were detected by using Convolutional Neural Network (CNN) and Deep

Keywords
lung cancer, deep
neural network, deep

learning, CT, diagnosis  Neural Network (DNN), which are deep learning models. The accuracy of each model used was

calculated with different evaluation metrics such as sensitivity, precision and F1-Score, and the results
were compared. In addition, performance analyzes were performed for each model, and complexity
matrices and ROC analyzes were presented for training, testing and valid images.

Afyon Kocatepe Universitesi
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1. Introduction

The lungs are vital organs responsible for oxygen
intake and carbon dioxide removal through gas
exchange during essential bodily functions. Rapid
proliferation of cells and tissues in the lungs causes
These
can cause serious damage by

lung cancer. cells, which proliferate
uncontrollably,
surrounding tissues or by spreading to another
organ. According to the report published by the
World Health Organization, lung cancer is the most
lethal cancer type worldwide and causes the death
of approximately 1.6 million people every year

(Ayayna, 2023).

Lung diseases can be detected by experts using
computer-aided analysis (Chaudhary and Singh,
2012). Environmental factors such as cigarette,
pipe and cigar use, long-term exposure to harmful
gases, asbestos and air pollution, as well as other
lung diseases, also increase the risk of cancer. For
example, someone who has had tuberculosis is
more likely to develop lung cancer.

Malignant tumors in the lung are formed by the
rapid and unbalanced proliferation of cells.
Malignant tumors, which multiply over time and
spread to all tissues and organs, cause serious and
fatal diseases such as cancer (Thakur et al. 2020).
For this reason, diagnosing lung cancer in its early
stages is very important for the person's survival.
Lung cancer is detected as a result of pathological
examinations such as CT, PET and MRI. However,
most of the time, lung cancer in its early stages
may not be diagnosed during radiological
examination, or the diagnosis made manually by
experts may be incorrect (De Margerie-Mellon and
Chassagnon, 2023). Approximately 20% of these
diagnoses may be misdiagnosed. Therefore, there
is a need for computer-aided applications that can
automatically detect lung cancer and make early

diagnosis.

Early detection and diagnosis of lung cancer are
made as a result of evaluations such as chest
radiography, MRI, PET, CT, biopsy, endoscopic
examination of the bronchi, mediastinoscopy and
thoracoscopic surgery of the lymph nodes (Bayram,
2019). In addition, these tests and examinations

allow the detection of other diseases related to
lung diseases. However, most of the time, these
tests and examinations are misinterpreted by
experts, making it difficult to detect the disease in
its early stages. For this reason, in recent years,
artificial intelligence methods have begun to be
used for the early detection and diagnosis of lung
Additionally,
have been created using these

diseases. decision support
mechanisms
methods. Literature studies conducted in recent

years are summarized below:

In one study, different diseases were diagnosed
from CT and chest X-ray images using deep learning
2021).
abnormal features appearing in CT images were

methods (lbrahim et al. Normal and
detected on the increased dataset using data
augmentation methods. Additionally, the accuracy
and performance of both datasets were calculated
with ResNet152V2, VGG19-CNN, ResNet152V2 +
Bidirectional GRU (Bi-GRU) and ResNet152V2 +
Gated Recursive Unit (GRU) methods. When the
results are compared, among these methods,
VGG19+CNN is more successful than the other
three methods. The VGG19+CNN method provided
99.5% specificity (SPC), 98.24% F1 score, 98.05
accuracy, and 98.43% sensitivity. To increase the
performance of this study, more images can be
obtained with methods such as classification and
data augmentation GAN.

In the cited study, data from the Victorian Lung
Cancer Registry (VLCR) between 2011 and 2022
were used (Earnest et al. 2023). In this study aim is
to classify and estimate the quality of life of
patients with lung cancer and the timeliness of
Additionally, Area Under the
Receiver Operating Characteristic Curve (AUC-ROC)

patients' care.
analysis were evaluated with all machine learning
techniques. Results were analyzed with 10 K-fold
cross validation. Study includes 11602 patient data.
The SVM method gave better results than other
machine learning methods, with an AUC of 0.89.
With this study, possible delays in the treatment of
patients and case management are carried out by
monitoring the patients. However, more successful
results can be obtained by optimizing the
parameters used in the proposed machine learning
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methods. Extra costs in the field of healthcare can
be reduced by practical application in clinics.

A computer-aided lung cancer evaluation support
system was created using Medical Body Area
Network (MBAN) information and deep learning
(DL) models (Masood et al. 2018). The method
called DFCNet detected four stages of lung cancer
using a fully convolutional neural network. The
DFCNet method shows that it is effective in
recognizing and identifying the signs of lung cancer.
Approximately 84.58% accuracy was achieved with
this method. Although this method performs better
in detecting the lung model (benign, malignant), it
does not give the same results at different
screening parameter values in false positive cases

in detecting the malignant nodule.

The Mask-RCNN method was used for the diagnosis
and characterization of pneumonia in lung x-ray
images (CXR) (Jaiswal et al. 2019). They developed
the Mask-RCNN model in their study to identify
people with pneumonia. This model has a deep
learning network and is often used in object
tracking. This study was tested on RSNA data and
this dataset consists of 30,000 images in total. The
model they proposed achieved approximately 97%
success. However, more hyperparameters may be
required to detect pneumonia in images with
different lung sizes.

By combining lung lobe segmentation and M-2
UNet classification on 3D CT data images, a
collaborative method is proposed to automatically
identify COVID-19 (He et al. 2021). The goal of
multitasking is to rank this epidemic and segment
the lung. In this study, 98.50% accuracy was
achieved. The method used in this study can be
classification and

analyzed for automatic

segmentation of different diseases.

COVID-19 patients identified with the
community model (Zhou et al. 2021). In the study,
2933 COVID -
historical reports and online databases were used.

were
19 CT images obtained from
Three transfer learning methods, AlexNet, ResNet

and GoogleNet, were used to pre-train the input
variables and the CNN model. These models were

used to extract features on all images. The
accuracy rate obtained in this study is 99.44% with
ResNet. The success of the proposed model can be

measured on larger datasets in the future.

A new approach called GSA DenseNet121 has been
developed to detect various lung diseases (Ezzat
and Ella, 2020). This method uses a CNN model
called DenseNetl121 and includes a generalized
search engine (GSA). In the results obtained, the
accuracy rate of the test data set of the proposed
method is 98.38%.

CNN, Res-Net-50 and VGG 16 models were used to
diagnose COVID-19 on medical data (Das et al.
2021). They divided the chest x-ray images into
three classes: infected, uninfected patients and
positive patients. The VGG-16 model gave more
successful results than the other models used in
the study, with 97.67%.

A study on the application of ML methods for
automatic localization of pneumonia in chest X-ray
images is proposed (Sirazitdinov et al. 2019). An
ensemble method from the CNN network was used
along with the RetinaNet and Mask R-CNN
methods. A dataset of 26,684 images was used and
a reliable solution for automatic pneumonia
diagnosis was developed with a recall of 0.793. This
study has yielded very successful results on a large
labeled data set, and it is aimed to expand the
study as a result of the feedback received from

medical experts.

In other study, COVID-19 cases were classified
using the CoroDet method on CT images (Hussain
et al. 2021). This model aims to diagnose two,
three or four-class COVID-19 cases. The results
obtained with this study achieved 95.1%, 94.2%
and 91.2% accuracy for two, three and four classes,
respectively. However, in larger data sets, the
proposed method may need to be compared with
different methods in terms of accuracy, cost and
speed. Additionally, the images used in training can
be increased to improve the model.

When we look at the studies, many studies have
been conducted in the literature on the diagnosis
and diagnosis of lung cancer. Artificial intelligence-
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based methods have been proposed in these
studies, and these studies in the field of medicine
have been increasing daily in recent vyears.
However, despite the developments in the use of
artificial intelligence methods in the field of health
in recent years, the need for computer-aided
analysis and applications is increasing daily due to
the increase and rapid spread of disease types. The
unique value of our study, unlike other studies, is
that the proposed methods use unique network
structures to increase performance and success by
making multiple classifications in the early
detection and diagnosis of lung cancer. In order to
increase the quality of life of patients by reducing
the serious mortality rate caused by lung cancer,
deep learning-based models have been developed
and multiple classifications have been made. Our
study also provided accurate, rapid and low-cost

solutions for the detection of lung cancer.

Our study proposed computer-aided approaches
using deep learning models to help experts
diagnose lung cancer through CT images. Because
experts may misinterpret chest radiographs and
make the wrong diagnosis. In addition, manual
evaluations make early and accurate diagnosis
difficult in terms of cost and time. Considering
these problems, our study aims to reduce the risk
of misdiagnosis by detecting tumor data (benign,
malignant and normal) from lung images at the
early stage of the disease with Deep Neural
Networks (DNN) and Convolutional Neural
Networks (CNN). Models with different network
structures have been created for multi-class
disease detection and prediction, and the most
appropriate hyper-parameters for the methods
used are discussed in detail in our study with
optimization methods. By comparing the results of
the proposed methods with different evaluation
criteria, the groundwork was laid for the creation
of decision support systems that provide
computer-aided disease detection for other lung
diseases in the future. Because lung cancer, like
other types of cancer, increases the chances of
survival of patients with early diagnosis and
increases the quality of life of people diagnosed

with cancer.

The scientific contribution of our study is to create
deep learning models with different network
structures and to ensure that these models help
experts, especially in medical fields. By extracting
important features in the proposed deep learning
models, success and performance have been
increased, and it is aimed to make significant
contributions to the diagnosis and treatment of
different types of cancer in the future. The
problems we addressed in our study are presented

below:

e Can automatic, accurate, fast and cost-effective

detection of lung cancer be achieved with

computer-aided applications (Hussain et al., 2021)?

e Can the parameters of the deep learning

methods be adjusted to provide the most
successful performance and accuracy (Sabzalian

et.al., 2023)?

¢ Have the proposed methods been encountered in
the literature with studies using the same dataset
(Sabzalian et.al., 2023)?

e Do the proposed deep learning models for big
data provide the same success in other types of
cancer and diseases (Solyman and Schwenker,
2022)?

The solutions we developed for the problems we
addressed in our study are presented below:

¢ Deep learning models (DNN and CNN) have been
created to automatically detect lung cancer quickly,
accurately and cost-effectively.

e Hyperparameters are automatically adjusted to
increase success with optimization algorithms.

e |t is discussed in the conclusion section that it
gives more successful results than the methods
using the same dataset in the literature.

e |t is aimed to lay the groundwork for future
methods to be developed for large data sets.

The models we propose aim for radiologists to
work on the early diagnosis of lung cancer and
different lung diseases. In this way, misdiagnoses
that may occur in manual evaluations made by
experts will be reduced.
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2. Materials ve Methods

The dataset we used was obtained through Kaggle.
The data set called 1Q-OTH/NCCD, obtained from a
hospital in Iraq, was wused in our study
(https://www.kaggle.com/datasets/adityamahimka
r/igothnccd-lung-cancer-dataset). The dataset was
collected over three months at select specialist
hospitals in autumn 2019. This special data set
includes computed tomography (CT) scans of
patients diagnosed with lung cancer at different
stages and healthy individuals. In total, there are

1190 images representing 110 situations.

In this study, a data set containing 1190 images
was used to detect and classify lung cancer. Some
images are shown in Figure 1 from this dataset.
There are three classes in the dataset used for
early diagnosis of lung cancer: Benign, Normal and
Malignant. The number of samples and their
distributions of these classes are shown in Figure 2.

Malignant

¢)

256 (512, 801, 3)
Malignant

[€))

57(512,512,3)
Bengin
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771(512, 512, 3) 555 (512, 512, 3)
Normal Malignant

984 (512, 512, 3)
Normal

Figure 1. Images from data used for lung cancer

The flow block for the proposed deep learning
models is given in Figure 3. Additionally, numerical
values of training, valid and test images and their
distribution within classes are shown in Figure 2.
The 1190 lung images used in the study were pre-
processed by going through pre-processing steps
such as filtering, normalizing and bringing the
image to a common size. 70% of the image dataset
was used as training, 15% as validation and the
remaining 15% as testing. Proposed deep learning
models (DNN and CNN) with different and deep

network structures were analyzed with different
Additionally, the
both models are

evaluation criteria. results

obtained for presented

comparatively.

Sample Numbers
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400

300

200

100

Benign Malignant Normal Classes

Figure 2. Distribution of lung images within classes

Collection of Images

O
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O
Separation of images into training, validation
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4 i

Creating a Model (DNN and CNN)

Adjusting the Parameters of the Model
|
Evaluation and Analysis of Results

Comparison of Results

I—I

Figure 3. Workflow block of recommended models
2.1 Deep Neural Network (DNN)

Deep Neural Networks (DNNs), a prominent type of
Artificial Neural Networks, are used especially
within the concept of deep learning (Mothkur and
2023).
improving learning capabilities using a multi-

Veerappa, Deep learning focuses on

layered and complex neural network architecture.

DNNs generally have a structure containing more

than one hidden layer and connections are
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established between these layers (Prasad et al.
2023). Each hidden layer takes the output from the
previous layer and uses this information to learn
Typically, an
arrangement consists of an input layer, one or

more sophisticated features.

more hidden layers, and an output layer.

The DNN network model proposed in our study and
the hyperparameters used are given in Figure 4. In
the study, all lung CT images of different sizes were
converted to 150x150 images and the most
appropriate hyperparameters were determined in
each iteration for 100 epochs. In this study, the
epoch value was selected as 100 and 10 iterations
were determined for every 100 epochs. The batch
size value is 50 to stop the model at the
appropriate place. 50 batch size was used for 100
epoch cycles, and relu and softmax were used as
activation functions. Additionally, all parameters
obtained after the layers used in the study are

shown in Table 1.

Figure 4. Proposed DNN model

Table 1. Proposed DNN model parameters

Layer Output Shape Param #
Flattenl (Flatten) (None, 67500) 0
Densel (Dense) (None, 128) 8640128
Norm1 (None, 128) 512
(BatchNormalization)
Dropoutl (Dropout) (None, 128) 0
Dense2 (Dense) (None, 32) 4128
Norm?2 (None, 32) 128
(BatchNormalization)
Dropout2 (Dropout) (None, 32) 0
Dense3 (Dense) (None, 3) 99

Total params: 8644995 (32.98 MB)
Trainable params: 8644675 (32.98 MB)
Non-trainabl params: 320 (1.25 KB)

2.2 Convolutional Neural Network (CNN)

CNN is a deep learning model that is very effective
in applications such as visual data analysis and
recognition (Provath et al. 2023). It is widely used
to achieve successful results, especially in areas
such as image recognition, object detection and
face recognition. It is an algorithm used in the field
of deep learning and usually works with images.
This algorithm performs the classification task
using the features of images. Compared to other
classification algorithms, the data pre-processing
required for CNN is less. This is because CNN can
learn filters, which distinguishes it from other
classification algorithms.

An example of CNN architecture basically consists
of three main layers, as shown in Figure 5:
Convolutional Layer, Pooling Layer and Fully
Connected Layer. As the image passes through
these layers, it undergoes various processes and

becomes suitable for the deep learning model.

Convolutional Neural Network (CNN)

Softmar
Convolutional ~ Pooling  Convolutonal Pooling Fully Connected

Input

Figure 5. CNN structure

The CNN network model proposed in our study and
the hyperparameters used are given in Figure 6. In
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the study, all lung CT images of different sizes were
converted to 150x150
appropriate hyperparameters were determined in

images and the most

each iteration for 100 epochs. Softmax and relu
layers were added to the layers determined in the
convolution and pooling layer, and the number of
filters was increased to ensure accurate
classification and disease detection in the training
and test images. Additionally, 3 x 3 convolution and
2 x 2 pooling layers were used. All parameters
obtained after the layers used in the study are

shown in Table 2.

filters=16, activation= relu, kernel_size= (3.3)

filters=32, activation= relu, kernel_size= (3,3)

Figure 6. Proposed CNN model

Table 2. Recommended CNN model parameters

Layer Output Shape Param #
Convl (Conv2D) (None, 150, 150, 448
16)
MaxPool1l (None, 75, 75, 16) 0
(MaxPooling2D)
Conv2 (Conv2D) (None, 75, 75, 32) 4640
MaxPool2 (None, 37, 37, 32) 0
(MaxPooling2D)
Dropoutl (Dropout) (None, 37, 37, 32) 0
Conv3 (Conv2D) (None, 37, 37, 64) 18496
MaxPool3 (None, 18, 18, 64) 0
(MaxPooling2D)
Dropout2 (Dropout) (None, 18, 18, 64) 0
Flattenl (Flatten) (None, 20736) 0
Densel (Dense) (None, 128) 2654336
Dense2 (Dense) (None, 32) 4128

Total params: 2682147 (10.23 MB)
Trainable params: 2682147 (10.23 MB)
Non-trainabl params: 0 (0.00 Byte)

3. Results

The performance results of the DNN and CNN
models proposed in our study were taken
separately for training and testing. Complexity
matrices and ROC analyzes were analyzed in detail.
The accuracy rates of DNN and CNN models
calculated according to the hyperparameters that
give the most optimum results for training, valid
and test data are shown in Figure 7. As a results,
both

results in the diagnosis and diagnosis of lung

recommended methods gave successful

cancer.

Success of Recommended Models (%)
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40
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EDNN mCNN

Figure 7. Success of Recommended Models (%)

3.1 DNN Results

The change in cross entropy error values for the
data set we used is shown according to epoch
values in Figure 8.

Cross Entropy Loss
=&= Train Loss
7 == Validation Loss
6
5
gt
3
3
2
1
0 v *—t —
25 50 15 100 125 150 175 200
Epoch Number

Figure 8. Cross Entropy Loss for the proposed DNN
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As can be seen from the graph, the error is lowest
at some epoch values. In our study, the learning
coefficient was determined as 0.001, the batch size
was 50, the
determined for optimization, and the accuracy

"man" optimizer algorithm was
criterion was determined as the evaluation metric.
The best learning is achieved by updating the
weights in the classification accuracy graph given in
Figure 9. When the classification accuracy for
training and validation was analyzed, the epoch
values of the best

learning in training and

validation accuracy were given.

Classification Accuracy

L0 1 == Train Accuracy
== Validation Accuracy

09

I
S

Accuracy
e
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25 50 15 10.0 125 15.0 115 200
Epoch Number

Figure 9. Classification Accuracy for the Proposed DNN

In Figure 10, the complexity matrix is given
according to the most optimal hyperparameter
selection for all data in the proposed DNN model.

For All Data
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Figure 10. Complexity matrix for all data

In Figure 11, the complexity matrix is given
according to the most optimal hyperparameter
selection for the training data in the proposed DNN

model.
For Train Data
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[
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Figure 11. Complexity matrix for training data
In Figure 12, the complexity matrix is given

according to the optimal hyperparameter selection
for validation in the proposed DNN model.

For Valid Data
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Figure 12. Complexity matrix for valid

Figure 13 shows the complexity matrix according to
the most optimal hyperparameter selection for the
test data in the proposed DNN model.
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For Test Data
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Figure 13. Complexity matrix for test data

Table 3 shows the diagnosis and classification
results of lung cancer (benign, normal, malignant)
according to some evaluation metrics for all
training and valid data of the proposed DNN

model.

Table 3. Classification report for training and valid

For All Data Precision Recall F1-Score Support
Benign 1.0000 0.9667 0.9831 120
Malignant 1.0000 0.9964 0.9982 561
Normal 0.9858 1.0000 0.9928 416
Accuracy 0.9945 1097
Macro Avg 0.9983 0.9877 0.9914 1097
Weighted Avg 0.9946 0.9945 0.9945 1097
For Train Data Precision Recall F1-Score Support
Benign 1.0000 0.9762 0.9880 84
Malignant 1.0000 1.0000 1.0000 392
Normal 0.9932 1.0000 0.9966 291
Accuracy 0.9974 767
Macro Avg 0.9977 0.9921 0.9948 767
Weighted Avg 0.9974 0.9974 0.9974 767
For Valid Data Precision Recall F1-Score Support
Accuracy 0.9818 165
Macro Avg 0.9846 0.9736 0.9786 165
Weighted Avg 0.9827 0.9818 0.9819 165

Figure 14 shows the ROC graph of the proposed
DNN model for all data. When the ROC curve was
it was observed that

analyzed, it was quite

successful in detecting lung cancer.
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Figure 14. ROC analysis for all data

Figure 15 shows the ROC graph for the training
data of the proposed DNN model. When the ROC
curve was analyzed, it was observed that it was
quite successful in detecting lung cancer.

ROC Curve For Train Data
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Figure 15. ROC analysis for training data

Figure 16 shows the ROC graph for the validity of
the proposed DNN model. When the ROC curve
was analyzed, it was observed that it was quite
successful in detecting lung cancer.
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ROC Curve For Valid Data
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Figure 16. ROC analysis for valid

Figure 17 shows the ROC graph for the test data of
the proposed DNN model. When the ROC curve
was analyzed, it was observed that it was quite
successful in detecting lung cancer.
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Figure 17. ROC analysis for test

3.2 CNN Results

The change in cross entropy error values for the
data set we used is shown according to epoch
values in Figure 18. As can be seen from the graph,
the error is lowest at some epoch values. In our
study, the learning coefficient was determined as
0.001, the
determined for optimization, and the accuracy

"man" optimizer algorithm was

criterion was determined as the evaluation metric.

Cross Entropy Loss

=&— Train Loss
== Validation Loss

08

04

02

00

0 5 10 15 20 25
Epoch Number

Figure 18. Cross Entropy Loss for the proposed CNN

The best learning was achieved by updating the
weights in the classification accuracy graph given
for the proposed CNN model in Figure 19.

Classification Accuracy

1.0 1 == Train Accuracy
= Validation Accuracy

Accuracy

0.7

0.5

T T
0 5 10 15 20 25
Epoch Number

Figure 19. Classification Accuracy for the proposed CNN

In Figure 20, the complexity matrix is given
according to the most optimal hyperparameter
selection for the entire data in the proposed CNN

model.
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Figure 20. Complexity matrix for all data
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In Figure 21, the complexity matrix is given
according to the most optimal hyperparameter
selection for the training data in the proposed CNN
model.

For Train Data

Bengin

True Classes
Malignant

Jormal

Figure 21. Complexity matrix for training data

Figure 22 shows the complexity matrix according to
the optimal hyperparameter selection for valid in
the proposed CNN model.
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Figure 22. Complexity matrix for Valid

Figure 23 shows the complexity matrix according to
the most optimal hyperparameter selection for the
test data in the proposed CNN model.

For Test Data
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Figure 23. Complexity matrix for test data

Table 4 shows the diagnosis and classification
results of lung cancer (benign, normal, malignant)
according to some evaluation metrics for all
training and validation data of the proposed CNN
model.

Table 4. Classification report for training and valid

For All Data Precision Recall F1-Score Support
Benign 0.9835 0.9917 0.9876 120
Malignant 0.9947 1.0000 0.9973 561
Normal 0.9976 0.9880 0.9928 416
Accuracy 0.9945 1097
Macro Avg 0.9919 0.9932 0.9925 1097
Weighted Avg 0.9946 0.9945 0.9945 1097
For Train Data Precision Recall F1-Score Support
Benign 0.9882 1.0000 0.9941 84
Malignant 1.0000 1.0000 1.0000 392
Normal 1.0000 0.9966 0.9983 291
Accuracy 0.9987 767
Macro Avg 0.9961 0.9989 0.9975 767
Weighted Avg 0.9987 0.9987 0.9987 767
For Valid Data Precision Recall F1-Score Support
Accuracy 0.9818 165
Macro Avg 0.9748 0.9839 0.9789 165
Weighted Avg 0.9824 0.9818 0.9817 165

Figure 24 shows the ROC graph of the proposed
CNN model for all data. When the ROC curve was
analyzed, it was observed that it was quite
successful in detecting lung cancer.
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ROC Curve For All Data
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Figure 24. ROC analysis for all data

Figure 25 shows the ROC graph for the training
data of the proposed CNN model. When the ROC
curve was analyzed, it was observed that it was
quite successful in detecting lung cancer.
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Figure 25. ROC analysis for training data

Figure 26 shows the ROC graph for the validity of
the proposed CNN model. When the ROC curve
was analyzed, it was observed that it was quite
successful in detecting lung cancer.
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Figure 26. ROC analysis for valid

Figure 27 shows the ROC graph for the test data of
the proposed CNN model. When the ROC curve
was analyzed, it was observed that it was quite
successful in detecting lung cancer.
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Figure 27. ROC analysis for test data

4. Discussion and Conclusion

Table 5 shows the results of some studies
conducted in the literature with the model we
proposed on the same dataset (IQ-OTH/NCCD lung
CT images). Our study has been shown to give very

successful results on this dataset.

In this study, it was aimed to diagnose lung cancer,
which has the highest mortality rate, by using deep
learning models. In addition, deep learning-based
models have been proposed to overcome the
workload of healthcare professionals and the
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difficulties of manual diagnosis. In this way,
decision support mechanisms that make accurate
and fast decisions in the medical field have been
created, thus reducing the workload of healthcare
professionals in terms of diagnosis. Benign, normal
and malignant tumors were detected with DNN
and CNN models in our study. In the study, an
accuracy of 99.39 was found with the DNN method
applied on the data set used, and an accuracy of
98.78 with the CNN method on the valid data.

Table 6 shows the results of some studies
conducted in the literature with the model we
proposed on the same dataset (IQ-OTH/NCCD lung
CT images). Our study has been shown to give very

successful results on this dataset.

Table 5. Studies in the literature
Studies Conducted in the Used Method

Success Rate

Literature (%)
Transfer  learning 94.38%

Al-Huseiny et.al with GoogleNet

Sabzalian et.al Bidirectional 97.06%
Recurrent neural
network

Solyman and Schwenker Ensemble learning 92.80%
techniques

Kareem et.al SVM 89.88%

Raza et.al EfficientNet 99.10%

Proposed Method DNN 99.39%

In future studies, it is aimed to develop a model
that can automatically detect various diseases that
can trigger cancer formation, such as pneumonia,
tuberculosis, COPD, and COVID-19, from lung
radiographs, thanks to the proposed method.
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Kompozit malzemeler sahip olduklari Ustiin 6zelliklerden dolayr imalat sektoriinde birgok alanda

oldukga yaygin kullaniimaktadir. Bu ¢alismada cam elyaf takviyeli plastik (CPT) kompozit malzemeden
tarim sektoriinde sivi glibrelerin tasinmasinda kullanilan tanker imalati ve optimizasyonu galisiimistir.
Ozellikle bitkilerin gelisiminde organik giibre kullanimina énem verilmektedirler. Giibre igeriginde
bulunan azot, fosfor, potasyum, kalsiyum, magnezyum, kikirt, demir, manganez, bakir, ¢inko ve bor
gibi buyik miktarlardaki elementler tagima kaplari ile kimyasal reaksiyona girebilir. Bu kimyasal

reaksiyonlari gbzlemlemek amaci ile deney kaplari hazirlanmistir. Bu kaplarda yogunlastiriimis farkli sivi
Anahtar Kelimeler

Korozyon, Kompozit,
Sivi glibre tankeri,
Sonlu Elemanlar, CTP.

glbre gesitleri olusturulmustur. Bunlar igin uygun zaman araliklari segilerek pH dereceleri masa tipi
“ohaus AB23PH-F” 6lglilmustir. Hazirlanan tavuk gilibresinin pH degeri 8,44 kiigiikbas hayvan glbresinin
pH degeri 8,34 glivercin glbresinin pH degeri 7,54 ve bliylikbas hayvan glibresinin pH degeri 9,03 olarak
Ol¢llmusgtlr. Bununla birlikte sivi glibreler 20 °C de kapali yalitimli kap igerisinde bekletilip nem oranlari
%58 olarak belirlenmistir. Deney kaplarinda sivi glibre iginde bekletilen ST37 gelik numuneler ve CTP nin
SEM, XRD ve optik gorintileri ve kitle kayiplari degerlendirilmistir. Korozif ortamlardaki CTP
numunelerinde korozyona rastlanmamistir. iki fakli malzemeden 10m> hacminde tanker tasarimi
yapilmistir. Sonlu elemanlar analizi sonucunda giivenli olarak kullanilabilecek CPT tankerin et kalinligi
12mm bu tankerin agirlhigi 702 kg olarak hesaplanmistir. Ayni hacim ve 3 mm kalinlikta tasarlanan ST37
celik tankerin agirhgi 3504 kg olmaktadir. Korozyona karsi direngli ve yaklasik 5 kat daha hafif olmasi
CPT kompozit malzemeden imal edilen tankerlerin uygun olacagi disinilmustir.

Abstract

Due to their superior features, composite materials are commonly used in many various fields in

production industry. In this study, the production and optimization of the tanks which are made of

Glass Fiber Reinforced Plastic (GRP) composite materials and used in transporting liquid fertilizers in

agricultural industries were studied. The application of organic fertilizers is particularly important in

eywords plant growing. Elements which are present in fertilizers, such as nitrogen, phosphor, potassium,
Corrosion, Composite,  calcium, magnesium, sulfur, iron, manganese, copper, zinc and boron may chemically react with
Liquid fertilizer tanks,  container drums. Experimental containers were prepared in order to observe these chemical reactions.
Finite Elements, CTP.  various types of condensed liquid fertilizers were composed in those containers. PH values were
measured via benchtop “Ohaus AB23PH-F” at predesignated time intervals. The pH values were

measured as following: 8.44 for chicken manure, 8.34 for small cattle manure, 7.54 for pigeon manure

and 9.03 for cattle manure. In addition to that, liquid manures were kept at 20 °C in an isolated

container and humidity was measured 58%. SEM, XRD and optical images of St37 Steel specimens

which were kept in liquid fertilizers in experiment containers and GRP and mass loss were evaluated.
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No corrosion was observed in GRP in corrosive environment. Users prefer those materials due to the

fact that they have high corrosion resistance, and they are light material. A 10m’ tank was designed out
of those materials which are very common in production industry. The method of finite elements was

used in the design and their weights were compared. As for the results of finite elements analysis, the

wall thickness of the GRP tank for safe use was calculated to be 12mm and the weight of that tank was
calculated to be 702kg. The weight of the St37 steel tank of the same volume and 3mm thickness is

3504kg. It was thought that tanks made of GRP composite material would be convenient due to the fact

that they are corrosion resistant and 5 times lighter.

1. Introduction

Composite materials continue to play an important
role in human history, from the first civilizations to
today's innovations. Compared to fully dense
materials such as steel and aluminum, composites
offer several advantages such as lightweight, high
strength and stiffness, excellent vibration-damping
properties, design flexibility, and resistance to
corrosion and wear. These unique properties have
made composite materials ubiquitous every day,
from household goods to complex fields such as
marine, agricultural

biomedical, sports,

implements, and construction industries.
Additionally, some critical applications, such as
would be impossible
Today, the

composites industry continues to evolve, with

aircraft and spacecraft,

without composite  materials.
major growth focused on renewable energy.
(Weiland, K. at all 2021, s.; Alammar, S. At all 2020,
Fedosyuk, R.L. at all 2021, Friedrich, K., Almajid, A.
A., 2013). Many experiments have been carried out
to increase the mechanical properties of composite
materials. A new test configuration was proposed
to measure the transverse compressive strength of
unidirectional composite layers by three-point
bending and was examined with cross-ply test
specimens. Cross-ply carbon/epoxy with different
thicknesses were tested by three-point bending
until failure. Transverse compression damage area,
as found in the literature it was found to be in good
agreement with the studies. Tensile stresses are
lower than bending stresses in 90° laminates,
maximum tensile stresses are lower than
longitudinal tensile stresses in 0° laminates, but the
maximum It was determined that the tensile stress
was very close to the tensile stress. Composite

materials are used in various fields such as space

© Afyon Kocatepe University

and aeronautics industry, food and medical

industry, building and construction industry,
technology industry and in manufacturing the
machines which help people cater for their needs.
The production of these materials in different areas
such as agricultural tools, automotive and aviation
industries is due to the differences in their thermal
and mechanical properties (Hollaway at all
2004)0ne of the sectors where those materials are
widely used is agricultural machines and tools.
They actively play a role in transporting clean water
to the consumer, in irrigation tools and equipments
in agricultural industry, and in storing and
transporting products such as petroleum and
fertilizers. Some of the most determining factors in
product design, particularly in storing and
transporting, are that human health is taken into
consideration, that the product being carried is not
spoiled and that the container is not damaged.
Tanks used in agricultural field for fertilizing and
applying agricultural pesticide are important in that
regard. Minimizing the chemical effects of
substances stored or carried on the tank material
and maintaining long-lasting tools are required
qualifications. In the study conducted in order to
determine mechanical properties of composites,
reinforced and extended fiber length and ratio are
under the effect of tensile and flexural strength.
(Demircioglu 2006, Demirer, Aydin, 2016). In the
studies carried out; The impact strength of glass
different

orientations with different impact energy values

fiber/epoxy composites containing
was examined experimentally. For the impact test,
samples measuring 150 mm x 100 mm consisting of
8 and 12 layers were created and tested at
increasing impact energy values of 10 J, 20 J, and

30 J (Ondiiriicii, A., & Karacan 2004). In studies
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examining the behavior of fiber orientation and
layer thickness against impact, it was observed that
the amount of collapse increased despite
increasing impact energy and that the sample with
the highest collapse for 30) impact energy was the
sample with [0°/30°/60°/0°] fiber alignment. High
corrosion, high hardness, high specific strength,
and light weight properties of composite materials.
More efficient than traditional materials Allows
structural design. Basically, polymer composites
have more than one phase materials and at least
one phase is a polymer matrix (K.P. Ashik and R.S.
Sharma 2015). A study was conducted on the
resistance properties and corrosion resistance of
fiber glass reinforced epoxy composite materials. It
addition of

caused a decrease in

was observed that Boric acid

reinforcement phases
corrosion resistance and, along with that, size of
reinforced abrasive particles and the changes in
various fiber directions caused remarkable changes
2010). In the

conducted on mechanical properties of GRP

in corrosion rate(Bagci study
composites, it was determined that, along with the
increase in number of layers in the structure and
the resin density, there was an increase in
mechanical values, however, there was no changes
in mechanical properties after a certain number of
fiber glass layers (Tirkmen, Koksal 2012). It was
indicated that size and geometry of the ceramic
powder mixtures which was added into matrix
ceramic in epoxy matrix fiber glass reinforced
composites significantly affected physical and
mechanical properties (Asi, Gln, Asi, 2018). It was
indicated in the study that the ratio of fiber volume
of elastic modules in GRP composite materials
increases (Turhan 2007). In the study conducted on
fatigue life behavior of GRP composites, it was
demonstrated that reinforced fibers abandoned
matrix phase and the polyester resin matrix was
(Aydinli  2021). They studied the

behaviors of GRP composite materials in conditions

degraded

in different environmental medium. They analyzed

the corrosion resistance in environmental
conditions such as salty water environment, acid
environment and accelerated aging (Korku 2021). A
bending simulation on laminated composites was

developed to investigate the effects of placement.

The results of the FEA (Finite Element Analysis)
simulation revealed in-plane normal stresses in the
cross-edged laminate and in-plane shear stress in
the angled laminate near the free edge region.
These transverse normal stresses are not taken
into account in traditional laminate theory
(Carbajal, N., & Mujika 2001). Many experimental
and theoretical studies have been carried out. Two
different

behavior of the

composites the force-displacement

material was compared
experimentally and numerically with the ANSYS
finite element method. As a result of these studies,
numerical solution and experimental solution gave
similar results (Meng, M., at all 2015). In the
analysis of GRP composite structures with finite
elements, they determined approach methods with
finite elements on the effects of reinforcement
phases directed differently in matrix phase, in
order to demonstrate the potential which the

structure had (Aydin and Kefal 2020).

In this study, the weight and corrosion resistance
features of liquid fertilizer tanks used in agricultural
industry today. Cattle and small cattle manures,
pigeon manures and chicken manures are used in
plant development in agricultural field. Experiment
specimens were prepared, which were made from
those materials used in the production of the
tanks. After the materials to be used in the
experiment were sized 25x40x2mm, kept in resting
container in 60gr fertilizer and rinsed with distilled
water once in every ten days, their weight changes
were measured by 0.00001g precision scale. SEM
analysis was applied on those specimens and the
structures formed on them were examined. 10m3
tanks were designed and the thickness of the
material was determined for the manufacturing, in
accordance with the safety conditions. In the event
that GRP composite materials are used for the
production of the tanks, the weight of the tanks
might decrease, and it would lower the carbon
emission and help us have longer-lasting tanks
without corrosion.
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2. Material and Method
2.1 Materials

The structure and properties of GRP composite
materials and reinforcement phases which are
added into matrix phase affect the mechanical
properties (tensile strength, bend strength and
in the
composite structure that is formed (Asi 2018). The

impact strength) and increase them
duty of the matrix phase in these composite
materials is to transfer the tension coming from
external effects to reinforcement phase and
maintain the structural integrity. GRP composite
material is favorable, due to its significantly low
density, its suitability for design variety, its
relatively high heat resistance, its high specific
strength, its resistance to corrosion, its moulding
flexibility, its suitability for colorization during
production, its high resistance to chemicals, its
resistance to inflammation due to flame retardants
added into matrix phase, its optional transparency,
its better mechanical properties than steel due to

optional various layers.

Table 2.1: Mechanical properties and components of
GRP composite material

GLASS TYPE

PROPERTIES A C E S
Specific weight
(g/cm’) 2,5 2,49 2,54 2,48
Elasticity Module
(GPa) - 69 72,4 85,5
Tensile strength
(MPa) 3033 3033 3448 4585
Thermal expansion
coefficient 8,6 7,2 5 5,6
Softening
temperature (°C) 727 749 841 970

Admixture Materials (%)

SiO, 72 64,4 52,4 64,4
AlLOsFe,0; 0,6 4,1 14,4 25
Cao 10 13,4 17,2 -
MgO 2,5 3,3 4,6 10,3
Na,0:K,0 14,2 9,6 0,8 0,3
B,0; - 4,7 10,6 -
Bao - 0,9 - -

The other material which was used in the study is
St37 Steel material. The tensile strength of this
steel material is 37kg/mm2 and has 0.2% carbon
ratio. It has been widely used due to the fact that it
is high weldable and easily machinable.

Table 2.2: Mechanical Properties of St37 Material

Properties ST37
Density (Kg/M3) 7,7
Elasticity Module (Mpa) 210000
Extension (%) 15
Poisson Ratio (0,3) 0,3
Tensile Strength (Mpa) 1158
Fluxion Strength (Mpa) 1034

Thermal
(W/M.K)

Conductivity 42,7

Specific Heat (J/Kg.K) 477

Thermal Expansion (K) 17

1370

Fusion Temperature (°C)

2.2 Method

2.2.1 Experimental Setup and Equipments Used

In parallel with the developments in composite

material industry, liquid fertilizer tanks are
designed which are commonly used in agricultural
industry today. The important and specific
properties desired in those tanks are their weights
are corrosion resistance. Cattle and small cattle
manures, pigeon manures and chicken manures
are commonly used in plant development in
field. Experiment specimens were
prepared out of the materials used in the
(Figure 2.2) After those

materials were sized as 25x40x2mm, kept in 60gr

agricultural
production of tanks.

of manure for 10 days -as seen in Figure 2.1-,
rinsed with distilled water; the changes in their
weight were measured by using a precision scale
with 0.00001g sensitivity. SEM analyses were
applied and structures that formed on the surface
were evaluated. 10 m® tanks were designed and
their compliance with security standards for the
manufacturing process were evaluated using the
finite elements analysis and the thickness of the
materials were determined.

The manures were placed into the containers as
exhibited in Figure 2.1. Those manures were
different types of manures which had 58%
humidity and were kept at 20 °C in closed and
insulated containers. pH values of those manures
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were measured with benchtop Ohaus AB23PH-F pH
meter. pH values the manures were measured as
8.44 for chicken manure, 8.34 for small cattle
manure, 7.54 for pigeon manure and 9.03 for cattle
manure.

Figure 2.1: (a) Cattle manure, (b) Small cattle manure,
(c) Pigeon manure, (d) Chicken manure

Those values are close to the previous pH values
which were obtained through the other studies
conducted on liquid fertilizers. (Sezen 1984). In
Figure 8, test specimens were prepared using GRP
composite and St37 steel materials in dimensions
of 25x40x2mm. Their mass loss values were
calculated with Bel Engineering M214Ai model
precision scale before and after the experiment. In
order to capture the images from the same angles,
diagonal and perspective lines were drawn on the
specimens. Microscopic images were obtained with
Skygo 500x 8 Led microscopes with mounted
endoscopic camera. In addition to those, as shown
in Figure 3.2, other test specimens were prepared
using GRP and St37 materials with the dimensions
of 10x102mm for EDS and XRD experiments.
Scanning electron microscope analysis was applied
on those specimens and, later, phase analysis was
conducted with energy distribution spectrum (EDS)
images and X-ray diffraction (XRD) methods. Since
GRP material is not electrical conductor, the

images were obtained after gold coating process. In
Figure 2.2, “C” represents coated GRP and “M”
represents coated St37 materials.

Figure 1.2: 25x40x2mm CTP and St37 test specimens

3. Experimental Findings

3.1 Microstructure Optical Image Analysis

Figure 2.3: 100X images of GRP and St37 specimen kept
in chicken manure

Figure 3.4: 100X images of GRP and St37 specimen kept
in small cattle manure

Figure 4.5: 100X images of GRP and St37 specimen kept
in pigeon manure
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Figure 5.6: 100X images of GRP and St37 specimen kept
in cattle manure

Table 2.3: Mass changes of specimen kept in different
types of manures for 1200 hours (1)

It was observed that St37 steel material was
obviously affected by the liquid manure it
contained and, as exhibited in the optical images,
there were significant mass losses due to corrosion
as a result of chemical reactions which the manure
had on the material; on the other hand, there were
no chemical reactions on the GRP but there was
slight mass gain. The reason for this is that as the
GRP material stays longer in humid environment,
its weight increases and it was thought that there
could be a mass gain due to the water absorption
property of reinforcements phases present in

matrix phases (ilhan and Feyzullahoglu 2019).

3.2 Microstructure SEM and EDX Analysis

SPECIMEN DAY 1(G) DAY 10(G) DAY 20(G)
NAME
Cl 2,7994 2,7998 2,8011
C2 2,7704 2,7711 2,7722
C3 2,8354 2,8356 2,8378
C4 2,8456 2,8465 2,8492
Ml 24,0681 24,0671 24,0626
M2 23,9994 23,9596 23,9376
M3 24,0687 24,0183 23,9616 C; 4 B Lo Meay Be Ca
M4 23,9904 23,9783 23,9671 ‘
T Xl(“;);;;w:
Table 2.3: Mass changes of specimen kept in different E‘.‘L’-’f;iif
0
types of manures for 1200 hours (2)
Bk LY TV ¥ fe
SPECIMEN DAY 30(G) DAY 40(G) DAY 50(G) M MR GGk
NAME e, mew, posnodlel, "
b 10
Cl 2,8023 2,8045 2,8043 R DNEE E B § GEEEE
Cacre

C2 2,7738 2,7746 2,7729

Figure 3.1: SEM and EDX images for St37 steel specimen
C3 2,8411 2,8456 2,8476
C4 2,8508 2,8501 2,8538
M1 24,0585 24,0583 24,0572
M2 23,9235 239116 23,8945
M3 23,9377 23,9257 23,9191
M4 23,9598 23,9483 23,9349
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Figure 3.2: SEM and EDX images of St37 steel specimen
kept in chicken manure

Oxide compounds that could cause corrosion on
St37 steel material that stayed in chicken manure
for 7/14/21 days form craters on the surface of the
material. The existence of those craters leads to
mass loss. The existence of iron oxide peaks which
increases depending on the holding duration, as
seen in SEM images, exhibits that there could be
more oxidation. It can be understood from the SEM
images given in Figure 3.5 that St37 steel specimen
kept in cattle manure reach maximum corrosion on
the day 21. Besides, as seen from M4 values given
in Table 2.1, it was measured that those specimens
had a greater mass loss. When the SEM images of
the specimens kept in other manures are analyzed,
it can be seen that St37 steel material had
corrosion.

M2HAFTA 3

Figure 3.3: SEM and EDX images of St37 steel specimen
kept in small cattle manure
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Figure 3.4: SEM and EDX images of St37 steel specimen
kept in pigeon manure
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Figure 3.5: SEM and EDX images of St37 steel specimen Figure 3.7: SEM and EDX images of GRP composite
kept in cattle manure specimen kept in chicken manure

There were no oxide compounds that may cause
corrosion or craters on material surface on the GRP
St37 composite material kept in liquid manures for
7/14/21 days. It can be seen in Table 2.1 where
mass loss values are given.

13520
MAG: 1000 x _ HV:20.0 KV WD: 282 mm

]

MAG: 1000x  HV:200KV  WO:265 mm L o i "

Figure 3.6: SEM and EDX images of GRP composite
specimen

| C2HAFTA3

Figure 3.8: SEM and EDX images of GRP composite
specimen kept in small cattle manure
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4. Discussion and Conclusion

Model adi: 10m3 st37 tanker rev 2
Etit ad: Static 1(-Varsaylan-)
Grafik tipi: Statik yer degistirme Yer dedistirme1

Digim: 4

XY, Z Konumu:| 2,1e+03; -991e-13; 0 mm

X _HV:200kV_WD:270 mm

Deger:

3,846e-02 mm

Figure 4.1: Static analysis of 10m’ tanks made of St37
material with 3mm thickness

Model adi-10m3 ctp tanker-10mm
Etit adStatic 1-Varsayilan.)
Grafi tipi: Statik yer dediytime Yer deditime1

Figure 3.9: SEM and EDX images of GRP composite
specimen kept in pigeon manure

Dagim: 9926

X, Y, Z Konumu:|2,09¢+03; 53,2; 1,86 mm

Degier: 4,616.02 i

A

i

Figure 4.2: Static analysis of 10m? tanks made of GRP

material with 10mm thickness

Model adi:10m3 ctp tanker-12mm
Etit adu:Static 1(-Varsayilan-)
Grafik tipi: Statik yer degitime Yer degiytirme

Dugim: (883

X, Y, Z Konumus| 2,08+ 03; 227; 131 mm

Degier: 3767602 i

| CAHAFTA3

Figure 3.10: SEM and EDX images of GRP composite
specimen kept in cattle manure

Figure 4.3: Static analysis of 10m” tanks made of GRP
material with 12mm thickness
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Figure 4.4: Static analysis of 10m’ tanks made of GRP
material with 14mm thickness

When the Freedom of Design, weight of the tank,

corrosion  resistance and  manufacturability

optimization  parameters are taken into
consideration, tanks which will be manufactured by
using GRP composite material has a great
advantage due to not having any limits in
manufacturing with moulding procedure. On the
hand,

parameters in manufacturing process such as

other steel material has limitative
having limited moulding options, having to have

welded connection in manufacturing, having
standard size of sheet metal used as raw material.
Today, GRP material is used in manufacturing
wings and fan blades in space and aeronautics
industry, in manufacturing mudguards and

automobile doors in automotive industry, in
construction industry, in manufacturing guard rails
on highways, greenhouse panels and waterslides,
in manufacturing sport automobiles, bicycles and
helmets, in treatment facilities for products which
needs corrosion resistance, in manufacturing water
pipes and industrial tanks, in printed circuit panels
in electric and electronic industry, in manufacturing
electric poles and lamp posts, in manufacturing
helicopter bodywork, weapon and rocket parts in
military industry, in manufacturing sailboats and
canoes in maritime industry (Sibel 2021, Korku,
Feyzullahoglu, ilhan, 2022). Based on the optical
images and SEM analysis, when St37 steel material
was used, physical changes were observed on the

surfaces of contact with the manure resulting from

the mass loss occurring with corrosion. However,
those negative effects were not observed when
GRP composite material was used. In the study Can
ipek conducted, he observed that abrasion
resistance of steel specimen in dry environment is
low, compared to corrosive environment, and that
composite material has higher abrasion resistance
in both dry and corrosive environments. It was
observed that while the specimen with the highest
corrosion rate was St37 specimen kept in cattle
manure, the specimen with the greatest mass loss
was St37 specimen kept in pigeon manure. It is
thought that the reason for this is that the high
amount of nitrogen in the chemical compound of
pigeon manure speeds up the corrosion and
increases the mass loss. With the finite elements
analysis conducted on the 10m® tanks with St37
and GRP material designs, instead of a St37 tank
with 3mm thickness, a GRP tank with 12mm
thickness has almost the same replacement under
the same weight and force. G6ézde Demircioglu
remarked in her study that increasing fiber length
and ratio affect the tensile and flexural strength of
the composites more and more. Also, between the
tanks designed with equal capacity, the tank which
is made of GRP material with 12mm thickness has a
weight of 702kg, while the tank which is made of
St37 material with 3mm thickness 3504kg. Based
on these data, the tank which will be made of GRP
material has certain advantages.
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0z
Bu ¢alismada, ticari bir pistonlu motorda, katki yakiti olarak kullanilan JP8 ve amorf elementel borun,
yanma ve yanma Uriinlerinden azotoksitler (NO,) olarak bilinen kirletici gazlar tzerindeki etkisi deneysel

incelenmistir. Honda L13A4 tipi ¢ift bujili motorun emisyon deneyleri, motorun maksimum tork devri
olan 2800 d/dk devrinde ve tam gaz kolu kelebek acikhiginda yapilmistir. Calismada 6ncelikle benzin saf
Anahtar kelimeler olarak test edilmis, ardindan benzine kitlesel oran olarak %5-10-15-20 JP8 yakiti katilmistir. Son olarak
ise yanma Ozelinde literatlirde oldukga sinirli kullanima sahip hem otomotiv hem de havacilik

Amorf elementel bor;
JP8; Motor testi; NO,. sektoriinde kullanilabilen amorf elementel bor yakiti sabit %2 oraninda bitlin yakitlara eklenmis ve
testler yapilmistir. Testlerin sonunda, emisyon parametrelerinden NO, olusumunu tetikleyen egzoz gazi
sicakligi ve NO, emisyon miktarlar incelenmistir. Egzoz sicakligi, artan JP8 oranlarinda (%5-10-15-20)
benzine gore sirasiyla %13,017-%16,410-%18,857-%22,239 artmistir. Bitlin benzin_JP8 yakitlarina %2’
ser amorf elementel bor ilave edildiginde bu oranlar benzine gore sirasiyla %92,129-%57,629-%60,457-

%65,023 artmistir. En ylksek egzoz sicakligi ve NO, salinimi JP8_5_%2B yakitinda olgllmustar.

Experimental Investigation of the Effects of JP8 Military Jet Fuel and
Amorphous Elemental Bor Fuels Usage on NO, Emissions in a
Commercial Spark-Ignition Engine

Abstract
In this study, the effect of JP8, used as an additive fuel, and amorphous elemental boron on nitrogen

oxides (NO,), known as pollutants from combustion and combustion products, was experimentally
investigated in a commercial piston engine. Emission tests of the Honda L13A4 type dual spark plug
engine were conducted at the engine's maximum torque speed of 2800 rpm and full throttle valve
Keywords opening. In the study, gasoline was initially tested in its pure form, then JP8 fuel was added to gasoline
Amorphous elemental  at mass ratios of 5-10-15-20%. Finally, amorphous elemental boron fuel, which has limited use in both
bor; JP8; Engine test; automotive and aviation sectors, was added to all fuels at a fixed 2% ratio and tests were conducted. At
NO,. the end of the tests, exhaust gas temperature triggering NO, formation and NO, emission levels were
examined as emission parameters. Exhaust temperature increased by 13.017-16.410-18.857-22.239%
with increasing JP8 ratios (5-10-15-20%) compared to gasoline. When 2% amorphous elemental boron
was added to all gasoline_JP8 fuels, these ratios increased by 92.129-57.629-60.457-65.023% compared
to gasoline, respectively. The highest exhaust temperature and NO, emission were measured in

JP8_5_%2B fuel.
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1. Giris

Endstriyel faaliyetler, tasimacilik, enerji tretimi ve
tarim gibi insan faaliyetlerinin yan GrlinlG olarak
atmosfere salinan emisyon gazlari, cevre lizerinde
onemli etkilere sahiptir. Bu gazlar, sera etkisi, asit
yagmurlari, hava Kkirliligi ve ozon tabakasinin
incelmesi gibi cesitli c¢evresel sorunlara neden
olmaktadir. Emisyon gazlari, ginlik yasamsal
faaliyetlerden kaynakli olarak atmosfere salinan
kirletici ve  zararli

gazlardir. Bu gazlar,

yenilenemeyen fosil yakitlarin  ulasimda ve
endistriyel islemlerde yanmasi, tarimsal ve orman
faaliyetlerinin durmasi ve ¢evresel atik maddelerin
artmas! bircok nedene bagh olarak salinmaktadir.
Emisyon gazlarinin azaltilmasi ve kontrolii, ¢evresel
surddrdlebilirligi  artirmak ve insan  sagligini
korumak icin kritik 6neme sahiptir. Bu nedenle
mevcut motor teknolojilerinin gelistirilmesi ya da
yeni yakit arayislari zorunlu bir hal almistir. Azalan
petrol rezervleriyle beraber artan cevresel kirlilik
sorunlari, yakitlarin maksimum verimle ve daha
cevreci bir sekilde kullanmasini gerektirmektedir.
Bu nedenle, ulasimda icten yanmali motor
kullanimi iyiden iyiye kisitlanmaya baslanmis ve
alternatif bir ulasim imkani saglayacak olan
elektrikli motor teknolojileri hizla bu calismalarin
esas konusu haline gelmistir (Ari 2020). Diinyada
onumiuzdeki 10 yil icerisinde basta AB lkeleri
olmak U(izere, ABD, Kanada, Hindistan, Cin gibi
bircok (ilke benzin ve dizel yakit kullanimini
sinirlandiracagini ve hatta icten yanmali motora
sahip arac¢ satisini yasaklayacagini aciklamistir.
Turkiye ise 2030-2050 vyillari arasinda bu gegisi
tamamlayacagini on gormektedir
(https://www.mfa.gov.tr/paris-

anlasmasi.tr.mfa,12.12.2023). Tirkiye’ de Ocak
2024 itibariyle 15.333.952,00 otomobilin %1,5’i
hibrit ve %0,6’si tamamen elektriklidir. Yani hali
hazirda kullaniimakta olan 15.011.939,00 adet icten
yanmali motora sahip otomobil bulunmaktadir
(https://data.tuik.gov.tr/Bulten/Index?p=Motorlu-
Kara-Tasitlari-Ocak-2024, 04.03.2024). Bahsedilen
sinirlamalar ve anlasmalar icin gerekli slreler
beklenirken icten yanmali motor kullanimi tim

ylksek potansiyeliyle devam etmektedir.

icten yanmali motorlarda kullanilan hidrokarbon
turevli yakitlarin tamaminda kirletici ve cevreye
zararl emisyon salinimi yapilir. Cevre kirliliginin en
onemli bolimiini icten yanmali motorlardan

emisyonlari
1998). Motor

yanma  prosesi

kaynaklanan egzoz gazl
(Abdel-Rahman

meydana

olusturmaktadir
icerisinde gelen
sonucunda c¢evreye salinan egzoz gaz, c¢esitli
kirletici bilesenlerin yani sira karbondioksit (CO,) ve
su (H,0) gibi
icermektedir. Bu kirleticiler arasinda en énemli (g
bilesen karbon monoksit (CO), yanmamis
hidrokarbonlar (UHC) ve nitrojen oksitlerdir (NO,)

(Abusoglu 2009). Yiksek motor sicakliginda yanma

temel yanma {Urlnlerini de

stabilitesindeki bozulmalar, CO emisyonlarinin ve
yakit tiiketiminin artmasina neden olur. Motordaki
artan yakit tiiketimi, UHC gibi kirletici maddelerin
emisyonunun artmasina neden olur. Ayrica, ylksek
sicakliklarla dogrudan iliskili olan NO, ve partikdl
madde (PM) emisyonlari artmakta, insan saghg ve
bitkisel Uretim Uzerinde ciddi etkiler
olusturmaktadir (Hao vd. 2023). Asagida, NO,
emisyonlarinin kirletici

cevresel etkilerini ve

potansiyelini  inceleyen literatlir  c¢alismalari
verilmistir. Literatlirde olduk¢a fazla sayida, NO,
etkisi

atmosferdeki

emisyonlarinin hava kalitesi {izerindeki

incelenmistir.  NO, emisyonlari,
onemli kirleticilerden biri olarak kabul edilir ve
cesitli insan faaliyetleri tarafindan atmosfere
salinir. Bu emisyonlar, fosil yakitlarin yanmasi,
endustriyel islemler, tasimacihk ve tarim gibi
kaynaklardan kaynaklanir (Elliott & Bibb 2018).
NO,, atmosferde nitrik oksit (NO) ve azot dioksit
(NO,) formunda bulunur ve zararh gevresel etkilere
neden olur (https://www.epa.gov/no2-pollution
,19.0.2024). NO,

Uzerindeki etkisi, ozon olusumu ve asit yagmurlari

emisyonlarinin  hava kalitesi
gibi  faktorler araciligiyla incelenebilmektedir
(Huang vd., 2019). Yan vd. (2021) in calismasinda,
NO,'in atmosferde diger kirleticilerle etkilesimleri
ve hava kirliligi Gzerindeki rolii de ele alinmistir.
NO, emisyonlarinin insan sagligina olan etkileri de
literatlirde  vurgulanmistir.  Bu  dogrultudaki
calismalarda, NO,'in solunum yolu rahatsizliklari,
astim ve diger solunum problemlerine katkida
bulundugu goézlemlenmistir (Chen vd. 2017). Ayrica,

NO,'in uzun vadeli maruziyetiyle iliskilendirilen
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kronik saghk sorunlarina neden oldugu da

saptanmistir (Brook vd. 2010). NO, emisyonlarinin
azaltilmasi ve kontrolliine yonelik stratejiler de
vardir. Temiz kullanimi,

enerji  kaynaklarinin

emisyon kontrol teknolojilerinin gelistirilmesi,
dizenleyici standartlarin belirlenmesi ve toplumsal
farkindahgin artirilmasi gibi cesitli yaklasimlar, NO,
emisyonlarinin  azaltilmasi icin  6nerilmektedir
(Barrett vd. 2014). NO, emisyonlarinin olusumu,
yanma olayinin bir sonucudur. Yiksek sicakliklar ve
basinglar altinda, hava ve yakit karisiminin yanmasi
sirasinda azot ve oksijen gazlari arasindaki kimyasal
reaksiyonlar sonucunda NO, bilesikleri olusur
(Heywood, 2018). NO, emisyonlarinin kontroli igin
cesitli teknolojiler ve stratejiler gelistirilmistir. Bu
stratejiler arasinda, egzoz gazi geri donis sistemi
(EGR), selektif katalitik indirgeme (SCR), yakit
enjeksiyonu

optimizasyonu ve yanma

parametrelerinin iyilestirilmesi gibi yontemler

bulunmaktadir (Liu vd. 2020). NO, emisyonlarinin
azaltilmasi

icin uygulanan stratejiler, emisyon

standartlarinin  belirlenmesi  ve  dizenleyici

onlemlerin alinmasiyla desteklenmektedir. Diinya

capinda, cevresel dizenlemeler ve emisyon
standartlarinin  sikilastirilmasi, yanma olayinin
gerceklestigi her alan gibi icten yanmali

motorlardan da kaynaklanan NO, emisyonlarini
azaltmaya yonelik o6nemli adimlar atilmaktadir
(zhao vd. 2019).

icten yanmali motorlar, NO, emisyonlarinin énemli

kaynaklarindan  biridir ve bu emisyonlarin

azaltilmasi icin cesitli stratejiler gelistirilmistir.

Bunlardan en onemlisi alternatif  yakit

kullanimlaridir. Bu ¢alismada havacilik yakiti JP8 ve
amorf elementel bor yakitlarinin NO, emisyonlarina

etkileri incelenmistir. insanligin i1sinma veya
aydinlatma ihtiyacini eski zamanlardan beri
karsilayan  kerosen veya gazyagl, kimyasal

islemlerde veya glnlik hayatta tasimacilikta
kullaniimaktadir. Ozellikle NATO tarafindan verilen
kodla JP8

kullanilmaktadir.

olarak da
40 °C olan
gazyagl, petrolden Uretilmektedir. Motorinin icinde

askeri  ucak vyakiti

Parlama noktasi

bulunan ve dizel yakitta donmaya veya soguk
havalarda viskozite artisina neden olan parafin

nedeniyle  dizel vyakitlar  distik  sicakhkta

akiskanhgini kaybeder. Bu nedenle oldukc¢a distk
sicakliklarda ve basin¢ta calisma durumunda olan
turbofan, turbojet,

turboprop ve turbosaft

motorlarinda dizel yakit kullanilamamaktadir.
Parafin, dizel yakitta bulundugu gibi olduk¢a az
oranlarda benzinde de bulunur. Bu agidan her bir
yakit tiirinde de distik sicakliklarda akiskanligin
korunmasi icin gazyag: ilavesi kullanilir. Kerosen,
benzinden daha zor alev almaktadir, bunun yaninda
yanmasl sonunda benzinden daha fazla Isi agiga
cikarmaktadir. Fakat, yanma agcisindan ¢ok ince
olan gazyag saf halde kullanildiginda yarattigi asiri
sicaklik ile motorun yanmasina ya da pistonlarin
yatak sarmasina  sebebiyet verebilmektedir
(Kantaroglu ve Yontar, 2017). Kerosen, parlama
noktasinin altinda herhangi bir i1si kaynagi veya ates
temasinda kendiliginden yanamaz, bu nedenle
havacilik yakitlari adina oldukca giivenlidir. Boylece
tehlike arz eden kazalarda yangin veya patlama
riski oldukga disliktiir. Kerosenin bir diger dnemli
ozelligi de donma noktasinin oldukga disik
olmasidir. Yaklasik olarak -47 °C ila -49 °C araliginda
donma noktasina sahip olan kerosenin icerisinde su
yoksa, cok soguk ortamlarda tank manifoltlarindan
donmadan kolayca hatlara sevk edilebilir ve motora
gonderilebilir. GlinimUizde jet motorlu ucaklarda
kullanilan gazyagi, “JET-A, JET-A1, JET-B, JP-4, JP-5,
JP-7 ve JP-8” adlariyla bilinmektedir. Kitlece belirli
oranlarda benzin ile karistirilmasi sonucunda NATO
Ulkelerinde bulunan jetlerin yakiti olarak kullanilan
kerosen, yogunlukca benzine ¢ok yakin oldugundan
dolayi kolayca karistirilarak, belirli alanlarindaki
ihtiyaclar dogrultusunda kullanilabilir (Kantaroglu

ve Yontar, 2017).

Bu calismada, motorda olusan NO, emisyonlarinin
ve egzoz gazl sicakliklarinin degisimini incelemek
amaciyla, ilk olarak benzin tek basina test edilmis
ve baz veriler olglilmustlr. Bir sonraki testte,
benzine kiitlesel olarak %5-10-15-20 oranlarinda
JP8 yakiti katilarak 6lciimler yapilmistir. Yapilan son
testte ise, literatlirde rastlanmayan ve hem
otomotiv hem de havacilik sektériine hitap eden
amorf elementel bor karisimlari kullanilarak
olglimler yapilmistir. Benzin ve JP8 karisimlarinin
her birine kitlesel olarak %2 amorf elementel bor

ilave edilmis ve testler bu yakitlarla yapiimistir. Bor
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ilavesinin sabit secilmesinin nedeni, borun net
etkisinin b{tin benzin_JP8 karisimlarinda ortaya
konulmak istenmesidir. Literattirdeki ¢alismalardan
farkh bir yakit yelpazesi tasiyan bu calisma ile, esas
olarak havacilik sektériinde kullanilan JP8 askeri jet
yakitinin buji ateslemeli bir motorda kullanimi ve
bunun yaninda yanma davranislari halihazirda tam
olarak belirlenemeyen bor tlrevli yakit etkileri
incelenmistir. Bu acidan bakildiginda ¢alisma 6nem
arz etmektedir. Literatlirde emisyonlara karsl
alinacak 6nlemlerin arastirildigi ve farkli alternatif
yakitlarin  kullanildigi  olduk¢a fazla c¢alisma
mevcuttur. Ancak burada, havacilik ve otomotiv
yakiti olan JP8’in ve sinirli kullanima sahip amorf
elementel borun kullanimiyla ilgili NO, olusumu ve
egzoz gaz sicakhgl incelemeleri ile ilgili bir calisma
yapilmistir. Bu anlamda literatlirde bu seviyede
inceleme yapilmadigi distndldiginde konunun

literatlire saglayacagi katkilar mevcuttur.
2. Materyal ve Metot

Bu calismada motor testleri ile benzine ilave edilen
JP8 ve JP8-amorf elementel bor karisimlarinin NO,
emisyonuna ve egzoz gazl sicakligina etkileri
incelenmistir. Bu incelemede belirlenen karisim
oranlari ve deney sabitleri deney matrisleriyle
Cizelge 1'de verilmistir. Testler; Cizelge 1'de
gosterildigi gibi motorun maksimum tork devri olan
2800 d/dk hizinda ve 9 farkh yakit icin yapiimistir.
Test sirasinda emisyonlardan CO, CO,, UHC, NO,, O,
ve Lambda parametreleri olctlmektedir.
incelemede, JP8 kiitlesel orani %5-10-15-20, Amorf
Elementel Bor kiitlesel orani her bir karisima sabit
%2 seklindedir. Motor test kosullari olarak, motor
hizi 2800 d/dk (sabit), kelebek agikhgi %100 (sabit)
olarak belirlenmistir. Kullanilan yakitlarin fiziksel ve

kimyasal 6zellikleri Cizelge 2’ de verilmistir.

Cizelge 1. Karisim oranlari ve inceleme matrisi.

Kelebek Motor

Agiklig Hizi
Deney Yakit ismi Kiitlesel Oran (%) (%) (d/dk)
1 JP8_0 %100 Benzin + %0 JP8 100 2800
2 JP8_5 %95 Benzin + %5 JP8 100 2800
3 JP8_10 %90 Benzin + %10 JP8 100 2800
4 JP8_15 %85 Benzin + %15 JP8 100 2800
5 JP8_20 %80 Benzin + %20 JP8 100 2800
6 JP8_5_%2B %98 JP8_5 + %2 Bor 100 2800
7 JP8_10_%2B %98 JP8_10 + %2 Bor 100 2800
8 JP8_15_%2B %98 JP8_15 + %2 Bor 100 2800
9 JP8_20_%2B %98 JP8_20 + %2 Bor 100 2800

Cizelge 2. Yakit 6zellikleri (Bowden vd. 1985; Brown
vd. 1991; Kantaroglu ve Dogan, 2024).

Yakit Benzin JP8 Bor
Kimyasal formiil CgHas Ci0a7H19.01 B
Yogunluk (15 °C), kg/L 0,690 0,797 2,34
Molar C/H orani 0,44 0,51 -
Parlama noktasi, °C 15,6 40 -

Isil degeri, MJ/kg 44,3 43,23 58,74
Enerji yogunlugu, MJ/L 34,2 34,62 131

Motor test sistemi; Honda L13A4 i-DSI test motoru,
TUD100
dinamometresi, kontrol-6l¢iim-veri toplama sistemi

Tuzeks eddy-current manyetik alan
ve emisyon Ol¢im cihazi olarak siralanan dort
temel bilesen olusmaktadir. Mevcut motor test

sisteminin fotografi Sekil 1’ de ve semasi Sekil 2'de

gosterilmistir.

Sekil 1. Motor test sistemi.
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Sekil 2. Motor test sistemi semasi.

incelenen test
2004 modelinde bulunan
Honda L13A4 tipi i-DSI ardisik ¢ift buji ateslemeli
ticari bir motordur. Bu motorun teknik 6zellikleri

Test motoru: NO, parametresi

motoru, Honda-Jazz

Cizelge 3’ de verilmistir.

Cizelge 3. Motor ozellikleri (Migita vd. 2002).

Model Honda L13A4
Silindir Sayisi 4

Motor Hacmi 1,339 cm’®
Sikistirma Orani 10,8:1
Silindir Capt 73 mm

Strok Uzunlugu 80 mm

63 kW (5700 d/dk)
119 Nm (2800 d/dk)

Motor Glicu
Motor Torku

Dinamometre: Motor test sisteminde, eddy-current
tipi manyetik alan dinamometresi bulunmaktadir.
Dinamometre 6zellikleri Cizelge 4’ de verilmistir.

1 L13A4 Motoru
2 Emme Hatti
3 Emme Hava Debimetresi
4 Gaz Kontrol

@ 5 Yakit Deposu
6 Yakit Pompasi

p 7 Yakit Kiitlesi Olgiimii

8 Dinamometre
9 Radyator
10 ECU
11 Veri Toplama Karti
12 Sistem Kontroli
13 Egzoz Hatti
14 Egzoz Emisyon Olgim
15 Emisyon Cihazi Okumasi

Cizelge 4. Dinamometre ozellikleri (Kantaroglu,

2022).
Olgiim Parametre
Model TUD100
Maksimum gug, kW 100
Maksimum tork, Nm 500
Standard hiz, d/dk 8000
Maksimum hiz, d/dk 12000

Kontrol-6lciim  sistemi: Bu sistem sensorler,

ylkselticiler, veri aktaricilar ve motor test

yazilimindan olusmaktadir.

Emisyon 6lciim cihazi: Egzoz gazi emisyon dlciimleri
ise BOSCH BEAS550 cihazi ile yapilmaktadir. Motor
performans degerlerinin o6l¢lldigi slrekli rejim
aninda emisyonlarda (CO, CO,, UHC, NO, ve 0,)
Olcllmektedir. Emisyon Ol¢im cihazindan bu gaz
parametreleri kullanilarak, Brettschneinder
Denklemi ile A (lambda) hesaplanir. Denklemde,
oksijen ihtiva eden bilesenlerle, karbon ve azot
ihtiva eden bilesenlerin birbirine goére dengesini
hesaplar. Egzozdaki, H., (hidrojen/karbon orani) ve
O.. (oksijen/karbon orani) ile K; (yakit icin diizeltme
faktord) kullanilan bu denklem ilk bulundugu
yillardan itibaren son halini alana kadar cesitli
konfiglirasyonlar gecirmistir (Brettschneider 1997,
Singer vd. 1998, Torok vd. 2018). Motor testi
sirasinda, ticari motorun gercek zamanlh kullanimi

geregi Lambda 6l¢lim yapiimistir.
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cihazinin 6l¢lim ara yizi Sekil 3’te gosterilmistir.
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Motor test sisteminde ilgili bitiin ekipmanlarin
Olgim dogruluklari kullanilarak belirsizlik analizleri
yapimistir. Motor emisyonlarindan olglimi yapilan
CO, CO,, UHC, NO,, 0, ve Lambda’ nin olglimi
sirasinda kullanilan BEA 550 cihazinin 6l¢im
dogruluklari Cizelge 5’ de verilmistir.

Cizelge 5. Emisyon 0Ol¢iim dogruluklari (Kantaroglu,

2022).
Parametreler Olgiim aralig Birim Dogruluk
1 Co 0,000-10,000 %vol. %+0,001
2 CO, 0,00-18,00 %vol. %+0,01
30, 0,00-22,00 %vol. %+0,01
4 HC 0-9999 ppmvol +1
5 NO, 0-5000 ppmvol +1
6 Lambda 0,500-9999 - 40,001

3. Bulgular

Bu calismada, buji ateslemeli pistonlu bir motorda
katkilarinin -~ NO,
emisyonlarina etkileri deneysel olarak incelenmistir.

benzin-JP8-amorf elementel bor

Deneylerde saf benzin ve benzine belirli kitlesel
oranlarda (%5-10-15-20) JP8 havacilik yakiti katilarak
testler yapilmistir. Bu testlerin ardindan bitin karisim
oranlarina %2 oraninda amorf elementel bor ilave
motorunda testler

edilerek ticari bir otomobil

%+)..(1c0,] + [co] + (K. [HCD)

(1)
yapilmistir. Motor testleri motorun maksimum katalog
tork devri olan 2800 d/dk’ da ve tam yikte (%100 gaz
kelebek acikhgi) yapilmistir. Bitln karisim oranlari igin,
emisyon

parametrelerinden NO, degisimleri

Olgllmustar.

Olciim sonuglarinin NO, bakimindan degerlendirilmesi
icin oncelikle egzoz gazi sicakhginin ve dolayisiyla da
silindir ici yanma sonu sicakliginin irdelenmesi
gerekmektedir. Bu baglamda Sekil 4’te bitin karisim

oranlari igin egzoz gazi sicakhgi verilmistir.

Sekil 4’ e bakildiginda artan JP8 oranlarinda (%5-10-15-
20) benzine gore sirasiyla %13,017-%16,410-%18,857-
%22,239 oraninda egzoz gazl sicakhgl artisi olmustur.
Literatirdeki benzin-JP8
ozelinde yeterli seviyede olmamasi dolayisiyla, ortaya

calismalarin, karisimlari
konan JP8 etkileri, literatlrdeki dizel-JP8 karisimli
calismalardan belli seviyede ayrismaktadir. (Labeckas ve
Slavinskas 2015). Cizelge 2 incelenirse benzinin birim
kitledeki 1sil degeri, JP8’ in isil degerinden %2,48 daha
ylksektir. Ancak yogunluklar incelendiginde birim
hacimde silindir igerisine alinan JP8 kitlesi, bezinin
kiitlesinden daha ylksektir. Dolayisiyla JP8" in alt isil
degeri belirli bir miktar benzinden diistk olsa da silindir
miktarda JP8

alinmasiyla, silindir icerisine daha fazla enerji girisi

icerisine ayni hacimde daha fazla
olmustur. Bu da JP8 ilavesi ile egzoz gazi sicakhginin
artmasina neden olmustur. Ayrica JP8 in enerji
yogunlugunun da benzinden %1,23 yiksek olmasi bu
durumu desteklemektedir. Bitin karisim oranlarina
ilaveten %2 amorf elementel bor ilavesi yapildiginda ise
benzine gore egzoz gazi sicakligl sirasiyla %92,129-
%57,629-%60,457-%65,023 oraninda artmistir. Burada
bor ilavesinin bitiin benzin_JP8 yakitlarina sabit bir
oranda katilmasiyla borun net etkisi ortaya konulmustur.
Bor tiirevlerinin benzinle karsilastiriimasinin tutusma
gecikmesini azaltmasi ve yanma sirasindaki sicakhgi
ylkseltmesi bu durumun olusumunda etkilidir (Sofuoglu
vd., 2024). Borun yliksek uguculuk etkilerinin de yanma
verimine etkileri pozitiftir ve bu da NO, artisina neden
olmaktadir (Degirmenci, 2022).

Sekil 5’ te de bitlin karisim oranlari igin o6l¢lilen NO,
parametreleri verilmektedir. Sekil 3’ deki yorumlara
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dayanarak artan silindir ici sicakliklar neticesinde, hava
icerisinde bulunan azot ve oksijen gazlarinin ylksek
sicaklik altinda bozunmasi ve yeniden NO, NO, gibi farkh
molar konsantrasyonlarda azot oksitler olusturmasiyla
NO, emisyonlari artmistir.

Silindir ici sicakhgin artmasina bagh olarak hava
icerisindeki nitrojen ve oksijenin bozunarak bilesikler
olusturmasiyla ortaya ¢cikan NO, emisyonlari karisimlarin
tamaminda artmistir. Jones ve Brown (2020) yaptiklar
calismada benzer nedenlerle JP8in NO, emisyonlarini
arttirdigini - belirtmistir. Cesitli arastirmalar, JP8 jet
yakitinin yanmasi sirasinda nitrojen oksitler (NO,)
emisyonlarinin atmosfere salindigini gdstermektedir
(Smith et al., 2018; Thompson ve Lee, 2020).

Her iki sekilde de %95 benzin-%5JP8 karisimlarina ilave
edilen elementel bor ile egzoz sicakliginin ve NO,
emisyonlarinin diger karisimlara gore daha yilksek
oldugu gorilmustir. Burada borun aktivitesinin daha
ylksek oldugu tespit edilmistir.
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801,353
800,0 +
=
<
@ 750,0 1
=
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S
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Sekil 4. Benzine JP8 ve amorf elementel bor
ilavesinin egzoz gazi sicakhigina etkisi.
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Sekil 5. Benzine JP8 ve amorf elementel bor
ilavesinin NO, emisyonlarina etkisi.

4. Tartisma ve Sonug

Bu calismada, buji ateslemeli pistonlu bir motorda
benzin-JP8-amorf elementel bor yakitlarinin  NO,
emisyonlarinda olusturduklari degisim etkileri deneysel
olarak incelenmistir. Testler ilk olarak saf benzin ile ve
devaminda karisimli yakitlarla %5-10-15-20 oranlarinda
kiitlesel olarak katillan havacilik yakiti JP8 yakiti ile
yapitimistir. Bu calismada etkiler

asagidaki ortaya

konmustur.

e Artan JP8 oranlarinda (%5-10-15-20) benzine
gore egzoz sicakliginin artmistir.

e Artan JP8 oranlarinda (%5-10-15-20) benzine
gore NO, emisyonlari artmistir.

e Her bir karnisima ilave eklenen %2 amorf
elementel bor ile egzoz sicakhgl artmistir.

e Her bir kansima ilave eklenen %2 amorf
elementel bor ile NO, emisyonlari artmistir.

e Her iki parametrede de JP8_5 %2B yakiti en
ylksek degeri vermistir.

e Biitin karisim oranlarina ilaveten %2 amorf
elementel bor ilavesi yapilan durumda yanma
iyilesmistir.

e incelemelerde, NO, agisindan negatif etkiler %2
amorf elementel bor ilavesiyle distik JP8
oranlarinda daha belirgin hale gelmistir.

Burada, hem JP8 in hem de amorf elementel borun
yanma sonu sicakhginin arttirmasinin, yanma verimini
arttirmasi agisindan bir avantaj gibi gorlinmesine
ragmen, NO, emisyonlari bakimindan bir dezavantaj

sundugu gorilmektedir.
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Semboller

i-DSI Ardisik ¢ift buji atesleme

CgH g Benzin

Cioa7Hio01 JP8

B Bor

A Lambda

CO, Karbondioksit

H,O Su

CO Karbonmonoksit

UHC Yanmamis hidrokarbon

NO, Azot oksitler

NO Azot monoksit

NO, Azot dioksit

H., Egzozdaki hidrojen/karbon orani

Oy Egzozdaki oksijen/karbon orani

K, Yakit diizeltme faktori

EGR Egzoz gazi1 gerigevrimi

SCR Selektif katalitik indirgeme
Tesekkiir

Bu calisma, Tirkiye Bilimsel ve Teknolojik Arastirma
Kurumu (TUBITAK) tarafindan 123M914 numarali ve
"Cift-Buji Ateslemeli Ticari Bir Otomobil Motorunda
Benzin-JP8-Amorf Elementel Bor Karisimlarinin Motor
Performansina ve Emisyonlarina Etkilerinin Deneysel ve
Sayisal Olarak incelenmesi" projesi ile desteklenmistir.
destekten  6tiri TUBITAK'a

Projeye verdigi

tesekkdirlerimizi sunariz.
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Oz

Gegmisten gilinimiize gelisen teknolojinin de etkisiyle tarrmda makinelesme ve otomasyonla birlikte

akillr tarim konsepti ortaya g¢ikmistir. Artan diinya nifusunun gida ihtiyacini karsilamak igin akill tarim
uygulamalariyla insansiz hava araglari, uydu ve dronlar, tarim makine ve robotlarina entegre edilmekte,

Anahtar kelimeler

Akilli tarim; ilaglama
sensorler ve yapay zeka teknolojileri strdirilebilir tarim igin yenilik¢i ve ¢evre dostu yeni bir bakis agisi

sunmaktadir. Bu ¢alismada derinlemesine ele alinan akilli tarimda ilaglama sistemleri, tarim sektoriniin

sistemleri; Dron
teknolojisi; Yapay zek3;

Eklemeli imalat verimliligini, GrGn kalitesini ve miktarini arttirmak, g¢evre Kkirliligini, maliyetleri ve isgilik ihtiyacini
azaltmak gibi amaglar dogrultusunda gelistirilen teknolojik sistemlerdir. Teknolojinin getirmis oldugu
avantajlari  kullanarak gelistirilen ilaglama sistemlerinin tarimda verimi ve gesitliligi arttiracag

dislinidlmektedir.

Investigation of Spraying Systems Used in Smart Agriculture

Applications
Abstract
The concept of smart agriculture has emerged with mechanisation and automation in agriculture with
Keywords the effect of developing technology from past to present. In order to meet the food needs of the

increasing world population, unmanned aerial vehicles, satellites and drones are integrated into
agricultural machinery and robots, sensors and artificial intelligence technologies offer an innovative
and environmentally friendly new perspective for sustainable agriculture. Smart agriculture spraying

Drone technology; systems, which are discussed in depth in this study, are technological systems developed for the
Artificial intelligence; purposes of increasing the productivity, product quality and quantity of the agricultural sector, reducing
Additive manufacturing  environmental pollution, costs and labour requirements. It is thought that the spraying systems
developed by using the advantages of technology will increase the efficiency and diversity in
agriculture.

Smart agriculture;
Spraying systems;

© Afyon Kocatepe Universitesi

1. Giris ciktilarinin kesin olmadigi bilinmekte olup, bu
Sanayi devrimine neden olan tanmda belirsizligin sektori olumsuz olarak etkiledigi

makinelesme, tarimin endiistri 4.0 kavramina gorulmektedir. Akilli tarimin amaci, belirsizligi en

uyarlanmasiyla birlikte akilli tarim konsepti ortaya aza indirmek, verimi en st dizeye cikarmak,
kaliteli mahsuller Gretmek ve bu slrecte tasarruf

¢ikmistir. Stirdirilebilir ve Olgllebilir tarim igin
etmektir.

teknolojiden yararlaniimalidir. Tarimsal faaliyetlerin
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Artan diinya nitfusunun gida ihtiyacini karsilamak
icin insansiz hava araglari, uydu, dron, tarim makine
ve robotlarina entegre edilmis sensorler ve yapay
zeka teknolojileri strdirilebilir tarim icin yenilikgi
ve cevre dostu yeni bir bakis acisi sunmaktadir.
Akilli tarimla birlikte yeni ilaglama teknolojilerini
kullanarak mevcut olumsuz etkileri ortadan
kaldirarak
hedeflenen zararlilara karsi bitki korumasini en Ust
Xu vd. (2022)

¢alismada ilaglama operasyonlarinin siire ve buna

Uretim maliyetlerini azaltmak ve

diizeye c¢ikarmaktir. yaptiklari
bagli olarak maliyetini dislirebilmek adina bir dizi
optimizasyon gercgeklestirmistir. Bir diger calismada
ise ekim alaninda en kisa yolu en iyi kosullarla
sunan bir optimizasyon calismasi yapilmistir (Tian
vd., 2023). Son olarak, Mukhamediev vd. (2023) de
¢alismalarinda insansiz hava araglarinin tarimsal
faaliyetlerinde kullanimini aktif bir hale getirmek
adina maliyet odakh bir optimizasyon sunmuslardir.

1.1. Tarimda teknolojik déniisiim

Artan diinya nifusu, temel ihtiyaglardan biri olan
gida sorununu giindeme getirmektedir. Bu durum
sirdirdlebilirlik icin  ¢d6zim  arayislarina  yol
acmaktadir. 2050 yilina dogru dinya nifusunun
giderek artacagl ve gida ihtiyacini karsilamak igin
dretimin %70

tahmin edilmektedir.

tarimsal oraninda artmasinin

gerektigi Ancak tarimsal

Uretimdeki bu artisin  nasil saglanacagli ve

degiskenlik gosteren iklim kosullarinda
surdirdlebilirliginin nasil saglanacagl ginimizde
artik 6nemli bir soru olarak yanit bulmaya ihtiyac
duyulmaktadir. Kiresel sera gazi emisyonlarinin
%11 ve %15’i endistriyel tarim uygulamalarinin
sonucudur. Bunun yani sira, kontrolstiz Uretim
artisinin iklim degisikligi Gzerinde olumsuz bir etkisi
vardir. Nufus artisinin diger bir etkisi de dinya
capinda hizla artan kentlesme ve buna bagh olarak
tarim arazileri ile tarimsal is gliclindeki azalmadir.
Tum bunlara ek olarak, tarim sektoérinin yiksek
teknoloji ve girdi maliyetleri ile enerji talebindeki
artis da eklendiginde, tarimsal Uretimi 2050 yilina
kadar arttirmak icin bir eylem planina ihtiyag
oldugu ortaya ¢ikmaktadir. Glnimiizde ise
teknolojik gelismenin etkisiyle tarim sektériinde
blylk bir
uygulamalar su anda tarim sektorinin gelecegini

degisim yasanmakta ve teknolojik

sekillendirmektedir. Mevcut uygulamalari daha iyi

gostermek icin tarimdaki teknolojik degisimi

incelemek ¢ok onemlidir (Saygili vd., 2018).

Akilli tarimda gelinen nokta uzun vyillar siiren bir
gelisim asamasinin sonucudur. Bu asamalar (Sekil
1);

Tarim 1.0: Temel arag olarak insan glicli ve hayvan
gliciine dayanan tarim

Tarim 2.0: Tarimda traktor ve motor kullaniminin
baslamasi

Tarim 3.0: Dijital tarim uygulamalarina ve kontrol
sistemlerine gecis

Tarim 4.0: Akilli ve siirdiirilebilir tarima gegis.
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Sekil 1. Tarimda Teknolojik Donlsiim (Tarimda
Dijitallesme, 2023)

1.1.1 1. Tarim devrimi

ingiltere’de 17. yiizyilin ortalarinda giderek artan
bir nifusun gida ihtiyacini karsilamaya yonelik
tarimdaki degisiklikler Birinci Sanayi Devrimi’nin
yolunu agmistir. Tarimdaki bu degisimlere ‘Tarim
Devrimi’ adi verilmistir (USB, 2017). Bu tarim
doneminde hayvanlarin evcillestiriimesi ve bitki
yapildigi, yaygin
verim ve etkinligin disik oldugu,

yetistiriciliginin makinelerin
olmadigl,
Uretimin ¢evre kosullarina bagh oldugu bir asama
olarak kabul edilmistir. islerin yogun emek ile
ylrittldigh bu dénemde kirek, orak gibi basit
aletler kullanilmistir (Dhanaraju vd., 2020). Besin ve
enerjinin temel kaynagi olan bugday, turuncgiller,
sebzeler vb. bitkiler bu dénemde vyetistirilmis ve

koyun, keci, kopek gibi hayvanlar evcillestirilmistir.
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1.1.2 2. Tarim devrimi

ingiltere’de ekilebilir arazilerin biyiik ciftliklerde
birlestirilmesinden sonra liretim daha iyi kontrol
edilmeye baslanmis ve tarimda buhar makineleri ile
yeni tlr makineler ortaya ¢ikmasi Uretkenlik ve
karlihgr arttirmistir. Tarim makinelerinin ortaya
¢ikmasi ve 1840’larda gibre kullanimiyla ciftliklerde
etkinlik ve Uretkenligini arttiran Tarim 2.0 ¢agl
baslamistir. 1870 ve 1914 yillari arasinda 2. Sanayi
Devrimi ile elektrik Uretimine ve seri Uretime

olanak saglayan montaj hattina gecilmistir
(Persson, 2010). Bununla birlikte tarim bircok
sektorle karsilastirildiginda  Gretim  kosullarini

onemli dlclide iyilestirmis ve hizini arttirmistir. Bu
dénemde glibre, azot takviyesi, ila¢ kullanimi ve
tarimda mekaniklesme de artarak verim potansiyeli
de o6nemli Olgide artis gostermistir. Ancak ayni
zamanda cevresel bozulma, kimyasal kirlilik, asiri
enerji tiketimi ve dogal kaynak israfi gibi dnemli
olumsuz etkiler de gelismistir (Dhanaraju vd.,
2020).

1.1.3 3. Tarim devrimi

Dijital devrim olarak bilinen Uciincii Sanayi Devrimi
1960’larda yari iletkenlerin, ana bilgisayarlarin,
kisisel bilgisayarlarin ve internetin gelistiriimesiyle
baslamistir. 1960 yilinda, dinya niifusu 3 milyara
ulasarak “endustriyel” tarim c¢aginin basladigi yil
olmustur. Endlstriyel tarim yontemleri Bati
Ulkelerinde iyi bir sekilde benimsenerek kimyasal
girdileri 6nemli oranlarda artmistir. Tarim ve gida
Uretiminin makinelesmesi olagan hale gelmistir
(Mckenzie S, 2007). Bu donemde GPS teknolojisi ile
ilaglama kontrol,

makinelerinde verim

bicerdoverlerde VRA sistemleri ile glibreleme
islemlerinin takip edilmesi, veri islemeyi saglayacak
gelistirilmistir  (Makfed,

bilgisayar programlari

2020).

Ayni zamanda bu dénem bilgisayar ve dijital devrim

olarak adlandirilan {glncl sanayi devriminin

baslamasiyla yeni mahsuller, sulama, gilibreleme,
tarim ilaglari, mekanizasyon, teknolojik bilgi
aktarimi ile ciftcilere malzeme tedarik yoluyla
mahsul verimliligini ve Uretkenligi arttirarak acligi

sona erdirmeye yonelik tarimda yapilan g¢alismalar

bitliniine "yesil devrim" adi verilmistir. Tim bu
gelistirme c¢alismalari dinyanin artan n{fusunu
beslemeyi amaclasa da, Gretim maliyetleri arttikca
cevresel sorunlara yol agmistir (Mckenzie S, 2007).

1.1.4 4. Tarim devrimi

2011 yilindan sonra ilk kez Almanya'da Endustri 4.0

olarak bilinen, sanayi sektori ile bilisim
teknolojilerinin  birlikte  calisacagl, Uretimde
maksimum diizeyde verimlilik entegre bilgisayar
sistemleri sayesinde elde edilecegi ve yapay

zekdninda 6n planda olacagl sanayi sektoriinde
doniim noktasinin yasandig aciklanmistir. Endstri
4.0 ile tarim sektoriinde de sanayide yasanan
devrime benzer bir slire¢ yasanmaya baslamis ve
boylece Tarim 4.0 adi verilen tarim devri

baslamistir (Karakoy & Cilesiz, 2022).

Tarim 4.0 beraberinde farkh

getirmistir. Literatlirde terminolojik olarak akilli

kavramlari da

tarim, dijital tarim ve hassas tarim gibi terimler
kullanilmaktadir. 1990'li yillardan itibaren tarimsal
bilgi teknolojisiyle farkli terimlerle tanimlanmaya
calisilmistir. Uzmanlar arasinda 6nce "hassas tarim"
terimi, ardindan "akilli tarim" ve "dijital tarim"
terimleri kullaniimistir (Kilavuz & Erdem, 2019).

Bir felsefe olarak akilli  tarim, doganin
heterojenligini yoneterek bilgiye dayali tarimsal
Uretimdir. Yani dogru zaman, dogru yer ve dogru
miktarda girdinin optimum sekilde uygulanmasidir.
Akilli tarim felsefesi, tarim teknolojileri tarafindan
desteklenmektedir. Geleneksel tarimin gelecegi

“akilh

sagladigi ekonomik faydalari ve cevre Kkirliligini

olarak goérdigimiz tarim”  kavraminin,
azaltmadaki rolii ok 6nemlidir. Ornegin geleneksel
tarimdaki  bitki dikkat

edilmeden tarlanin tamamina veya vyetersiz bir

besin  degiskenlerine
kismina uygulanan gibre bitki gelisimine zarar
verir. Ancak akilli tarim teknolojilerinin kullaniimasi
ile toprak ve bitkinin

ihtiyacini  karsilayacak

uygulamalar yapilabilmektedir. Ayrica topragin
ihtiya¢ duydugundan daha fazla giibre uygulanmasi
agronomik olarak distk verimle sonuglanabilir.
Gilbre israfini 6nlemek, mahsulleri korumak ve
ekonomik kaybi dnlemek icin geleneksel tarimdan

akilli tarima gecis 6nemlidir. Geleneksel tarimin
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donldsimi  icin  Ornekte de goraldiglu gibi
geleneksel tarimdan akilli tarima gegis tercih
edilmistir (Tekin, 2018). Cizelge 1’de geleneksel ve

akilli tarimin mukayesesi sunulmustur.

Cizelge 1. Geleneksel
karsilastiriimasi (Karakoy & Cilesiz, 2022).

tarim

ile akilli tarimin

Geleneksel Tarim

Akilh Tarim

Yogun isgiicli gerektirir.

Gelistirilen robotik
cihazlar ve dron teknolojisi
sayesinde daha az isgiicli
ile yapilabilmektedir

Uriin elde etme siireci daha
uzundur ve bunun sonucu
olarak tiretim miktari
distiktir

Dabha kisa siirede iiriin
yetistirilebilmektedir.
Buna bagli olarak iiretim
orani yiiksektir

Bitki hastalik ve zararlilar
¢ogu zaman ge¢ donemde
farkedilebilmektedir

Bitki hastaliklar1 daha
erken tespit
edilebilmektedir

Arazi durumu, iiriin ve
verim hakkinda tahmin
yiiriitiilmektedir

Biiyiik oranda hassasiyet
ve dogrulukla sonuca
ulasilabilmektedir

Asirt girdi kullanimi ve
diisiik verimlilik

Modern tarimda girdiler
daha distiktiir

Bu teknikler ¢ok zaman alir
ve Uretim azdir

Zamandan tasarruf
saglanir ve bilime dayalt
iretim yapilir

Geleneksel tarim
uygulamalari, gegmisi ¢ok
eskilere dayanan ve artik
uygulanmayan
uygulamalardir

Ciftgiler, sulama igin tiip
kuyulara erigebildikleri
icin muson yagmurlarina
bagimli degildirler

Giibre olarak inek giibresi
ve diger dogal giibre tiirleri
kullanilir

Pestisitler ve kimyasal
giibreler kullanilmaktadir

Kullanilan geleneksel
tohumlar vardir

Modern tarim tamamen
sermaye yogunluguna
dayalidir

1.2 Akilli tarim

Akill tarimin amaci, tarladan toplanan veriler analiz
edilerek sorunlar tespit edilir ve erkenden hedefe
yonelik pratik ¢ozlimler ortaya konulur, bir baska
deyisle toplanan bilgilerin akillica kullaniimasidir.
Sahadan gelen bilgileri dijital toplama, analizi ve
“dijital
tanimlanmaktadir. Sensoérlerden, uydulardan ve

depolanmasi tarim” olarak

dronlar gibi dijital teknolojiler tarafindan toplanan

veriler iftci  kullanmina web ara yizli

platformlarda sunulmaktadir.

Akill
yonetim kararlari vermeye dayalidir. Clinkl sahayi

tarim felsefesi, islenmis Dbilgilere dayali
gezdikten ve Urlniin durumuna baktiktan sonra
drlinle ilgili karar vermek yerine pratik ¢oziimler
sunan gelistirilmis ileri yontem akilli tarim
sistemleri daha sirdirilebilir bir yontemdir. Ciftgi
yeterince bilgili ve deneyimli de olsa insan goziiniin
goremedigi problemler teknoloji sayesinde tespit

edilir (Saiz-Rubio & Rovira-Mas, 2020).

Akilli tarim bitki islahi ve genetik devrimden sonra
nesnelerin interneti (loT), insansiz hava araglari
(IHA), hassas ekipman, sensérler ve aktiatorler,
blyuk veri, cografi bilgi sistemleri, robotik vb. bilgi
teknolojileri  (BIT)
entegrasyonuna dayall tarimi ele almaktadir (Smart
2023).
hizmetlerin en c¢ok (Ureticilere sunuldugu tohum

ve iletisim ¢ozimlerinin

Farming, Teknolojinin gelismesiyle
ekim doneminden baslayip Uriin hasat dénemine
olan sirecte Uretim alaninin takibi, bilgi iletisim
teknolojileri, yapay zeka ile ciftlik yonetiminin
kolaylastiriimasi, toprak haritalarini cografi bilgi
kullanarak

sistemlerini olusturmak, iklim

degisikligine  bagh risk analizlerini yapmak,
Urtnlerin verimini ve kalitesini tahmin etmek, belirli
dahilinde

gerceklestirilmesi, insansiz hava araclariyla ilaglama

programlar kiltirel  uygulamalarin

ve glbreleme islemlerini gerceklestiren

uygulamalardir (Cokuysal, 2021).

1.2.1 Akilli tarimda kullanilan bilisim teknolojileri

insanlar yizyillar boyunca farkl iletisim araglari
bilgideki
gelismelerle birlikte, 19. ylzyilda telgrafin icadi

gelistirmistir.  Teknoloji, bilim ve
iletisim cagini baslatmistir. Telgraf gibi kablolu
iletisim araglarinin dezavantaji, iki veya daha fazla
sistem arasindaki iletisimin kablo baglantisi ile
saglanmasidir. Radyo frekansi, kizilotesi gibi
birlikte

kablosuz olarak saglanmistir. Kablosuz aglara gecis

teknolojilerin  gelismesiyle baglantilar
ile lisanssiz frekanslar, verimlilik, kurulum kolayhgi,
mobilite, Olceklenebilirlik, glivenlik ve maliyet
acisindan avantaj saglamistir. Kablosuz teknoloji

bircok alanda kullanilmaktadir (Yapay Zeka, 2023).
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Akilli tarim sistemleri uzaktan izleme sistemi, yapay

zeka, blylk veri, bulut bilisim, 10T, makineden
makineye iletisim ve mobil cihazlar gibi uygulama

araglarini icermektedir. Bu sistemin amaci, tarimda

kullanilan  girdileri  azaltmak ve  tarimsal
uygulamalarin Uretim asamasinda dogru
uygulanmasini saglayarak c¢evresel ve tarimsal

surdirdlebilirlige katkida bulunmaktir (Ertas, 2020).
Akilli tarim sistemleri ile su, sicaklik, 1sitk ve nem gibi
verilerin analizini yapabilen sensorlerle yaprak
rengi ve 1sitk yansimasi gibi cesitli gorintileme
sensorlerini kullanarak bitkilerde meydana gelen

fizyolojik, biyokimyasal vb. slreglerin takibi
yapilmaktadir. Boylece bitki besin maddeleri,
herbisit ihtiyaclar, pestisit kullanimi, sulama,

glbreleme ve hasat zamaninin belirlenmesi gibi

tarimsal uygulamalar dogru sekilde

uygulanmaktadir.  Sekil 2’de  akilh  tarim

teknolojilerine ait bir gorsel paylasiimistir.

A_

Bulut biligim

.1 ‘ Akill fenotlpleme T F——

Otonom mobil
robotlar .

internet w
— B 7. Y.

Sekil 2. Akilli tarim teknolojileri (Karakoy & Cilesiz,
2022).

Akilli cihazlar

1.2.1.1 Bluetooth teknolojisi
Bluetooth kablosuz agi ilk olarak 1994 vyilinda
Ericsson sirketi tarafindan kullaniimistir. Cihazlarin
iletisim kurmasini ve veri aktarimini saglayan bir
teknolojidir. Bluetooth kisa mesafeli radyo frekansi
ile iletisimi saglar. Bluetooth teknolojisi, yogun bir
trafik yUkiini tasimak icin tasarlanmamistir.

Bluetooth teknolojisi kisa menzil haberlesmeyi
saglamak amaciyla telefonlar, LAN erisim aygitlari,
modem, dizlstl bilgisayarlar, kulaklik, yazici, klavye
cihazda  kullanilabilir.

gibi  bircok Sistem,

makineden makineye, makineden mobil cihaza
veya mobilden makine arasinda veri aktarimina

olanak saglamaktadir. Bu teknolojiyle birlikte sera

izleme ve kontrol sistemi gelistirilmistir. Sistem ve
sensoOrler sayesinde her tirli veri toplanarak
merkezi kontrol sistemine iletilir boylece ciftcilerin
daha iyi Grin almasina yardimci olmaktadir (Tekin
vd., 2011).

1.2.1.2 Yapay zeké

Glnlmuzde bilgisayarlar, gorsel algilama, karar
verme, konusma tanima ve diller arasi ceviri gibi
insan zekasi gerektiren gorevleri yerine getirebilen
bilgisayar sistemleri, sohbet robotlari, fotograf-
video tanima gibi yapay zekd uygulamalarinda
yaygin olarak kullanilmaya baslanmistir. Yapay zeka
ilk olarak 1956 yilinda bir konferansta John Mc
Carthy tarafindan dile getirilmistir (Miller, 2011).
Yapay zeka, insani yeteneklerin makinelere
ogretilmesi ile insanlar gibi dislinlip, yorumlayan
ve karar veren algoritma ve vyaziimlarin ele
alinmasi olarak tanimlanmaktadir.

Yapay zeka calismalarinin asil amaci, insan zekasini
alarak insan zekasi

model gerektiren isleri

makinelerle yapilmasini saglamaktir. Oyunlarda,
matematikte, ceviri islemlerinde, goriintl isleme,
veri sistemleri, makinelerin 6grenimi ve robotik gibi
cesitli alanlarda gelistirilmekte ve kullanilmaktadir
(Torkul vd., 2017).

Tarimsal Uretimi desteklemek icin son vyillarda
kullanilmaya baslanan yapay zekd uygulamalari
daha verimli Uretime yol acacaktir. Ureticiden
tuketiciye tim asamalarda her zaman yapay zeka
uygulamalari gézlemlenmektedir.

Akilli tarim teknolojileri yapay zeka uygulamalari ile
dijital
yayginlasarak

tarim konsepti sunmakta ve
gelismis Ulkede
uygulanmaktadir. Uriin verim tahmini ve bitkilerde

yeni bir
bircok

hastalik tespitleri yiksek ¢ozunirliikli kameralarla
UrGn goriuntilerini yapay zeka ve gorinti isleme
teknikleri ile ortaya koymaktadir. Ek olarak elde
Isiginda yapay
kullanilarak otonom olarak sulama, glibreleme ve

edilen veriler zeka teknolojisi

ilaclama (Kosgeb,

2023).

uygulamalari  yapilmaktadir

1.2.1.3 Biiyiik veri
Glnlimuzde elde edilen veriler elektronik ortamda

islenip, bu ortamda saklanmaktadir. Elektronik
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ortamin gelismesiyle birlikte veri boyutu artmakta
ve veriler giderek ¢esitlenmektedir. Veri yonetimi,
deger elde edilerek ekonomiye donistirilmesi
"Veri Bilimi" olarak isimlendirilir. Bliylk veri ise hizh
ve blylk miktarlarda farkli formatlarda Uretilen
verilerdir.

Elektronik ortamda vyapilan islemler, belgeler,
uygulamalar, videolar, fotograf, sosyal aglar, resmi
ve Ozel kayitlar gibi vb. kayitlarin olusturdugu
verilerden olusmaktadir. Elektronik veri olusturan
cep telefonlari, bilgisayar, tablet vb. gibi aygitlardan
milyarlarca adet oldugundan verilerin boyutu da
katlanarak buylimektedir.

Blylik Veri olusumunun 5 bileseni vardir. Bunlar 5v
olarak adlandirilan variety,

veracity, velocity,

volume ve value’dir:

1-) Variety (Cesitlilik): Farkli kaynak ve formatlardan
elde edilen her tirll veri gesitliligini kapsar. Video,
ses, e-posta, finansal veri, e-ticaret gibi farkh
verilerden olusmaktadir.

2-) Veracity (Gegerlik): Veri olusumunda givenirlik,
dogruluk ve tutarlihk o©nemlidir. Blyuk veri
analizinde bu tir faktorler olmadig siirece verileri
anlamlandirmak zorlasmaktadir.

3-) Velocity (Hiz): Verinin saniye cinsinden uretilmis
olmasi verinin hizini temsil eder. Cesitli sensorler,
tablet, bilgisayar ve loT gibi cihazlar verileri cok hizl
bir sekilde Uretir. Hizli veri blylimesi, analizi icin
hem yazillm hem de donanimsal yogun bir caba
gerektirir.

4-) Volume (Veri Buyukluga): Yapilan her hangi bir
islemin (megabayt, terabayt vb.) gibi boyutlara
ulasmasi verinin boyutunu olusturmaktadir. Blyuk
veri analizinin mimkin olmadigl durumlarda veri
hacminin biylkliga sorun teskil etmektedir.

5-) Value (Deger): Veri analizinden anlaml bir

sonug elde etme siirecidir. Deger Uretilemeyen veri

depolama, isleme ve aktarilmasi gibi durumlardan

bir anlam da ifade etmez. Cikarilan sonucun
eylemlere arti deger katmasi da 6nemlidir (Blyuk

Veri, 2023).

1.2.1.4 Bulut bilisim

Bulut bilisim, tarimsal bilgileri ortak bir havuzda
toplayarak analiz edilmesinde ve uygun bicimlerde
toplanan verilerin kurulan hizmet saglayicilara
aktarimini  saglayacak uygulama yazilimlarini
gelistirmede kullaniimaktadir. internet (zerindeki
bltin program, uygulama ve verilerin bulutta
depolanmasiyla bu bilgilere internet baglantisi olan
her vyerden ve cihazdan kolaylkla ulasmak
mimkindir. Her noktaya erisim saglanarak islerin
daha esnek ve hizli yapilabilmesi, izlenebilir, kontrol
edilebilir ve raporlanabilmesi s6z konusudur (Sekil
3).

Bulut bilisimde g farkli hizmet modeli mevcuttur
ve bunlar yazihm, platform ve altyapi hizmetidir.
sunucu ekipmani,

Bulut teknolojisi sayesinde,

sogutma sistemleri, personel giderleri vb. maliyet

uygun
saglanmistir.

tasarrufu edilerek yontemlerle veri

depolama avantaji Bircok alanda
maliyet avantajlari nedeniyle c¢cogu sirket bulut

bilisimi tercih etmektedir.

Sensor- Bulut

: N2
llaglama A
af\
makinali \“5 a‘ag
insansiz hava \\et\‘-x‘
aracl
- - ‘/
E l : ’r% Algllanan
4 ‘9,7\?/ bilgi
0,20 eéc? sensor-
6@,‘@(,} % bulut ara
%, % %, birimine
S, %0 ¢
yiiklenir
WSN 2
WSN 1 -
A o T b o
-
Sekil 3. Akl Tarimda Sensor-Bulut Bilisimi

(Makineciler, 2023)

Bulut bilisim, onimizdeki glinlerde daha fazla
giindemimize girecek ve tim is ve siregleri
Uzerinde bliylk bir etkiye sahip olacaktir. Biliylk

veri tarafindan Uretilen devasa veri hacmi, verilere
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surekli erisim ve maliyetlerin diismesi her sektori
bulut bilisime bagh hale getirecektir (Yildiz, 2009).
Bulut verileri, bircok alanda oldugu gibi akilli
Hassas

bulut
sisteminde saklanarak yapay zekayla islenmektedir.

tarimda da etkin rol oynamaktadir.

sensorler ile sahadan alinan veriler

1.2.1.5 Nesnelerin interneti (loT)
Ciftlik
kullanimina dayali bir teknoloji olan akill tarim,

yonetiminde  nesnelerin  internetinin

iklim  faktoérl, toprak oOzellikleri vb. gibi
degisikliklerin izlenmesine olanak saglar ve mahsul
Uretimiyle ilgili bircok konuyu da ele alir. Bu
teknoloji, yer sensorleri, robotlar, dronlar ve diger
cihazlarin otomatik olarak calistirilmasi icin internet
kullanimiyla  birbirine  baglanmalarini  saglar
(Almetwally vd., 2020). Baska bir deyisle, kiiresel
tarim ortaminda verimlilik ve Gretimi arttirmak igin
kullanilan  teknolojik  gelismedir.  Nesnelerin
internetinde kullanilan akilli cihazlar ag kurma, bilgi
toplama, depolama ve analiz etme vyetenegine
sahip ayrica verileri bulut hizmetlerine aktarma
secenegine de sahiptirler (Ercan & Kutay, 2016).
loT, akilli sehir, akilli ev, akilli cihaz, akilli tarim gibi
akilli olan her ortamda sira disi ve pratik ¢dziimler
sunan akilh  ve gelecegi olan teknolojidir.
Elektronigin minyaturlestiriimesi ve aglarin gelisimi
Uzerinden

ile kablosuz ag baglanabilen loT

teknolojisi ayni zamanda bu ag ile web
teknolojisiyle erisilebilir algilayici cihaz ve aglardan
olusur. Nesnelerin interneti devriminin temeli,
verimlilik, kapsam ve olc¢eklenebilirlik gibi (¢ temel
unsurun ihtiyaclarini  karsilayabilen iletisim
teknolojisi benimsenmesidir.

loT uygulamalarina dayah akilli tarim teknolojisi,
Griin kalitesinin iyilestirilmesi, sulama ve bitki
koruma, glibreleme ve ilaglama sireci, hastalik
kontrolli gibi tarimsal uygulamalarla ilgili bircok
avantaja sahiptir. Bu teknoloji sulama ve giibre
uygulamalarinda dogru kararlari vermek igin tim
cihaz ve gereclerin birbirine baglanmasina izin
vermektedir. Ayni zamanda bitki gelistirme sireci
ve kdltirel islemin otomatiklestirilmesi icin glinlik
toplanan veriler kablosuz baglanti kullanarak son
kullaniciya iletimini saglamaktadir.
sektoriinde loT

Tarim uygulamalarinin

yayginlasmasinin iki ana nedeni su sekildedir:

Bunun nedeni artan verim ve sulama suyu
miktarindaki tasarrufla agiklanabilir. Bu sonuglari
almak icin sistemin kullanildigi en yaygin tarimsal
uygulamalar; genel durum takibi, akilli sera
uygulamalari, gibre yonetimi sulama suyu kalitesi
izleme, sulama yonetimi, hastalik ve zararl takibi

ve envanter takibidir (Yetik & Asik, 2021).

1.2.1.6 5G

iletisim amaciyla teknolojinin dijital déniisimi ile
birlikte haberlesme amaciyla kullanilmaya baslanan
bircok cihaz insan yasaminin vazgecilmezi haline
gelmistir. iletisim alaninda besinci nesil hiicresel
teknoloji "insandan insana", "insandan Makineye"
ve "Makineden insana" vb. hedef dogrultusunda
kullanicilar adeta bagimli hale gelmektedir. Mobil
hizmetlerde ve uygulamalarda taleplere cevap
vermek ve iletisim teknolojisini hayatin her
alaninda kullanarak tiim nesneler ile iletisim kurma
imkani saglamak 5G'nin en 6nemli hedefleridir
(Gzduman vd., 2020).

5G, bir dnceki nesil mobil iletisim teknolojisi LTE ile
uyumlu ve verileri daha ylksek kapasite ve hizda
aktarmak icin tasarlanmistir. 5G daha glvenilir
kosullar altinda daha hizh veri iletimi icin pek ¢ok
alanda tiketici ve hizmet deneyimini iyilestirmeyi
hedeflemektedir. 3G ve 4G ile karsilastirildiginda
ise veri aktarim hizi, enerji tasarrufu, maliyet
yatinmlari  vb. konularda bilytuk faydalar
gostermigtir.

loT, bircok gorevi, lretkenligi ve o6ngorilebilirligi
arttirmak amaciyla veri toplamak icin internet
Uzerinden baglanan sensor, robot ve dronlari igerir.
Ayrica akilli tarim yapay zeka kullanilarak toprak
ozelliklerinin belirlenmesi, iklim kosullarina ve su
tekniklerin

mevcudiyetine gbére Urin se¢im

belirlenmesi, bitki hastaliklar verimi

uygun
uygun olan

tespiti,

artirmak igin pestisitlerin secimi ve

uygulamalarinda sensorli  aygitlar
kullanilarak gerceklestirilmektedir. Ozellikle yakin
gelecekte verimlilik, en az emek ve kalitenin Ust

diizeye ¢ikarilmasini esas alan 5G ag mimarisi tarim

endistrisinde oldukga ©nemli rol oynamasi
beklenmektedir.

Akillh - tarim  teknolojisi, geleneksel {retim
yontemlerinin yerini alarak Ureticilerin

aliskanliklarina entegre edilmesiyle ciftcilerin daha

64



Akilli Tarim Uygulamalarinda Kullanilan ilaglama Sistemlerinin Arastiriimasi, Sunar vd.

bilgili hale gelmesine ve tarimin gelismesine katkida
bulunarak tarim seyrini degistirecektir. Bir yandan
akill tarim uygulamalari tretimde Uriin miktarini ve
kalitesini artirmayl amaglarken bir taraftan da rin
kaybinin en aza indirilmesi ve isciligin en aza
indirilmesi esasina dayanmaktadir. Akilli tarim,
iklim degisikligi, toprak yapisi, gida glvenligi, su
kithg), dogal kaynaklarin kullanimi, isglict gibi bir
iletisim ag1 kullanmaktadir (Yu Tang, 2021).

ilaglama dronlari, yardimci robot, otonom traktér
ve otonom ciftlik, slirekli teknolojik gelisme ve
baglanti  kapasitesi ile

giderek  biylyen

desteklenmesi, tarim ve gida sistemlerinde
dijitallesmede gliniimizin 6rnekleridir. Bu dijital
dontsim, loT, buyik veri, blok zinciri ve yapay zeka
algoritmalarini  kullanan gercek zamanli veri
analizini icermektedir. Tarimsal Uretimin strekli

izlenmesi verim ve kalite agisindan 6nemlidir. 5G

uygulamalari tarimsal Uriin bilgilerinin gercek
zamanl paylasimini saglamaktadir. Tarim
Urlnlerinin  kalitesi igin izlenebilirlik sistemi

kurulmasi, tarim Urilnlerinin tim sirecinin takibi,

bilgi asimetrisi derecesi dislrilmesi, tarim

UrGnlerinde kalite ve glvenligin  saglanmasi

yetistirilen tarim Urinlerinin uluslararasi arenada

rekabet diizeyinin ylikselmesine katki
saglamaktadir (Van Hilten & Wolfert, 2022).
2. Akl Tarnm Uygulamalarinda Kullanilan

ilaglama Sistemleri

2.1 Akill tarimda piiskiirtme sistemleri

Genel amacgh olarak kendi kendine vyeten bir
kimyasal puskirtme sistemi iki temel teknoloji
icermektedir: hedeflenen algilama icin sensor
teknolojisi ve pliskiirtme uygulamasi robotiktir. Bu
nedenle, akilli plskiirtme sistemleri genel olarak bir
hedef tespiti yapan sistem ve bir de kimyasal
plskirtme sistemlerinden olusmaktadir. Sensor
teknolojisine dayal akilli bir pilskirtme sistemi
Sekil 4’te gosterilmistir. Algilama sistemi, hedef
tespit sensorlerini, veri islemeyi ve karar verme
sistemlerini etmekte ve

entegre puskirtme

sistemlerini, kontrol Unitesini ve puskirtiicly
icermektedir. Sekil 4b’de ise llkemizde tarimsal

ilaclama sistemleri lzerine de faaliyet gOsteren

Onallar Tarim Makineleri AS’ye ait bir piskirtiiciiye
ait gorsel sunulmustur.

Algilama sistemi P{

Hedef bitki

Bilgi isleme ve piskiirtme karar
I

Sensor 1

Monitér . ; - 1
T WO

Sekil 4. a) Akill bir puskirtme Sistemi (Karakoy &
Cilesiz, 2022), b) Tarimsal ilaglama
makinesi.

2.2 Hedef tespit sistemleri

Tarimda yuksek verimlilik ve duslk iscilik gerekliligi
ile yabanci otlarin hedefli tespiti, siniflandiriimasi
ve lokalizasyonu, zarar goren ve hastalikli bitkilerin
tespiti ve tarlada ciddiyet tahmininin esasina vurgu
Yabani

algilanan ana nesneler yabani otlar, ekinler veya

yapilmaktadir. otlari kontrol ederken,
agaclardir. iki arastirma hatti vardir: ilk olarak, tiim
bitkilerin

tanimlandigl yabani ot tespiti ikincisi, tarla bitkisi

tespit edildigi ve yabani otlarin
tespiti ve diger tiim bitkilerin yabani ot olarak kabul
edildigi Pestisit

genellikle hastalik oranlari ve ciddiyetiyle ilgili olan

mahsul  tespitidir. yonetimi,
bitkilerin biylime durumunu olcer ve analiz eder.
odak

genellikle bitki konumu, golge hacmi, hastalik orani

Meyve bahgesi ilaglamasinda noktasi

ve siddet seviyesidir. Gorlintl sensorli, uzaktan
algilama, spektrometreler, termograflar gibi hedef
sensor Sekil 5’te

tespiti icin ¢ok sayida

gosterilmistir.

Termogri

Sekil 5. Hedef tespit sensorleri (Karakoy & Cilesiz,
2022).
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Timu, 109 nm ile 1023 nm arasinda degisken dalga
boylarinda elektromanyetik absorbsiyon sergileyen
spektral teknolojiye dayali olarak gelistirilmistir.
Yesil bitki ortlisiinlin yaygin olarak uygulanan dalga
boyu, gorinir ila yakin kizilétesi spektrumu ifade
etmektedir. Tipik olarak, spektral teknolojinin
uygulanmasi spektral analiz ve gorinti isleme
olarak iki gruba ayrilmaktadir. Spektral araliga gore
gorlintld renkli gorintlye ve spektral gorintiye
ayrilabilir.
Elektromanyetik spektrum analizde bir
spektrometre veya radyometre spektrumun belirli
bir béliminde 1s1gin spektral yansimasi 6lgmek igin
kullantlir. Spektral teknolojinin, gorintli isleme
teknolojisinin ve veri toplama teknolojisindeki
gelismeler sayesinde bitkilerin bliyime durumlarini
izlemek ve analizi icin bunlarin birlesik analitik
teknikleri gelistirildi. Sonug olarak, arastirmalarda
uzaktan goriintileme ve termografi giderek daha
fazla kullanilmaktadir. Ayrica meyve bahcelerinde
kok tespiti icin lazer sensor ve tag icin ultrasonik
sensor gibi secici olmayan konum dedektorleri de
kullanihr.

Algilama algoritmalari, sensorler tarafindan olgilen
verilere dayanarak gelistirilir. Genel olarak,
gorlntiler Gg¢ yontemle analiz edilebilir: gorsel
doku, biyolojik morfoloji ve spektral o6zellikler.
Spektral ozellikler, analizin temel bilgileridir.
Biyolojik morfoloji ise organizmanin sekli, yapisi ve
konfiglirasyonudur. Ornegin, secici herbisitlerin
gercek zamanli uygulamasi igin gorintileri genis ve
dar kategorilere ayirmak icin kenar tabanli bir
yabani ot siniflandirici algoritmasi gelistirildi. Gorsel
doku analizinde bodlge tanimli gorintii dokusu
icerigini 6lgmek icin kullanilir. Dokulari tanimlamak
icin istatiksel, spektrum ve yapisal kullanilan lg¢ ana

yontemdir.

2.3 Piiskiirtme sistemleri

Piskirtlictiler genellikle birden ¢ok sayida
geometrige sahiptir. Tipik bir plsklirtme memesi
siviyl sikistirmak icin bomlari veya siviyi memelere
iletmek icin bir pompanin yani sira pompayi, boru
ve memeyi kontrol etmek icin araclar icerir. Bu
sistemi kontrol etmek icin, plskirtme teknigi,

plskiirtme modeli ve degisken plskirtiiclnin

kontroli olmak Uzere dikkate alinmasi gereken (g
genel husus vardir.

Kimyasal puskiirtmenin teknikleri hava puskirtme,
elektrostatik ve hidrolik puskirtmedir (Giles vd.,
2008). Geleneksel hava (flemeli puskirticiler,
pliskirtme karisimini iletmek icin bir basing
pompas! kullanmaktadir. Bu hava akisi blyik bir
fan tarafindan Uretilerek ve spreyi hedefe tasimak
icin kullanilir. Bu teknigin avantaji, spreyin hizli bir
sekilde iletilmesi ve meyve bahcgesi hava hacmini

pestisit yukli bir sisle aritilabilmesidir.

Suruklenme sorunu da dezavantajlardan biridir ve

sis hedeflere ulasmadan once havaya
yayllmaktadir. Elektrostatik puskirtme zit yikleri
plskirtme

ceken ve iten vyiklere dayali bir

teknigidir.  Bir  kimyasal karisim  nozuldan
ayrildiginda negatif yike maruz kalmaktadir. Daha
sonra bu ylkler pozitif yukli yaprak tabakaya
cekilir. Elektrostatik plsklrtme, pestisit birikimini
iyilestirmek ve nihayetinde ekolojik atiklar
azaltmak icin gecerli bir yontem olarak kabul
edilmistir (Giles vd., 1991).

Bir hidrolik puskdirticil, pompa basincini kullanarak
kimyasallari bitkilere iletir. PlUskirtme malzemesi
cogunlukla islak veya damla olarak uygulanir. Bom
spreyi

yonlendirir.

nozullari kiicik damlaciklara ayirarak

yapraklara Hava ve elektrostatik
atomizorlerden daha biyiik damlaya sahiptir. Sekil
6’da da gosterildigi gibi yayma, bant ve hedefli
olmak (izere U¢ genel pilskirtme modeli vardir.
Geleneksel olarak, yayilmis sprey, hedef olsun veya
olmasin, puskirticl gecisine buylk verimsizlikle
uygulanmistir ve genellikle % 60-70'e varan hedef
disi kayiplara neden olur. Hedefsiz kayiplarin
israfini ve gevre kirliligini azaltmak icin bantlama ve
hedefli ilaglama yontemi gelistirilmistir.

Bant desen, spreyi genis alanin tamami yerine
Sahada,

yalnizca

secilen alana uygular. bantlama ve

mekanik  uygulamanin kimyasallarin
kullanimini azaltmakla kalmayip, ayni zamanda
dikkatli bir kimyasal se¢iminin daha sonra minimum
cevresel etkiyle sonuglanabilecegi gosterilmistir.
Hedeflenen puskirtme sistemi, tarladaki hasarli
bitkilerin

plskirtmenin iyi gittigini dogrulamayi gerektirir.

alanlardaki tespitini  ve ardindan
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Sekil 6. Farkl ilaglama modelleri (Karakéy & Cilesiz,
2022).

Tunel puskdrticld, bir bant modeline dayali
elektrostatik bir yontemle gelistirilmistir. Kalkan,
siranin her iki tarafinin yiiksekliginin cogunu kaplar.
Kap fani, uygulama sivisi akisina paralel hareket
eden bir hava akisi olusturmak icin kullanilir ve
puskdrtilen siviyt siranin  her iki tarafina ilgili
nozullar araciligiyla iletir. Kapsayici fan, uygulama
sivisi akisina paralel hareketli hava akisi olusturur
ve puskdrtilen siviyl siranin iki tarafina da ilgili
nozullar araciligiyla iletir. Sira boyunca calisan
kalkan, rizgarin siriklenmesinden kaynaklanan
difizyonu 6nlemek icin aritma sivisini emer, hava
kaybini ve fazla sivinin zemine damlamasini sinirlar.
Tlnel puaskdrtictsinin suridklenmeyi ve yaprak
ylzeyi birikintilerinin olusumunu daha iyi onledigi
kanitlanmistir. Piskilrtme sistemlerinde,
plskirtict genellikle birden ¢ok bagimsiz olarak
kontrol edilebilen puskiirtme bolimlerine sahip
olan boma sahiptir. Degisken kimyasal kontrol ve
memeyi hedef tespitine gbre ayarlama yetenegi
icin tasarlanmistir.

Gunldmiuzde akilli puskdrticl, yer hizini, meme
basincini, akis hizini, ayak izini ve kullanilan
plskiirtme miktarini kaydederken operatére hedef
algilama, otomatik kontrol ve sezgisel geri bildirim
saglayan bir cihaz olarak ortaya ¢ikiyor (Aware vd.,

2019).

2.4 Sensér tabanli ilaglama sistemleri

Sekil 7’de gosterilen ultrasonik, kizilotesi, LIDAR
sensorleri ve bilgisayarla gorme teknolojileri gibi
sensorler  bitki algilamak igin
hedef

mesafeyi algilama yapar fakat sicaklik ve nem gibi

geometrisini

kullanilmaktadir. Ultrasonik sensorler,

cevresel kosullara duyarlidir (Li vd., 2018). Kizilotesi

yaydig
kizilotesi 15181 Olcerek bir hedef alani algilayan

sensOr, gorls alanindaki nesnelerin
elektronik bir sensordir. Kizilotesi sensor 15181
Olcerek bir hedef alani tespit eden elektronik
sensordiir. LIDAR sensorli ise mesafe olgimlerini
yapan uzaktan algilamali sensorlerdir (Zhang vd.,
2018). Bilgisayarli gérme teknolojisinde bitkilerin
ylizey alanini, yiksekligini, yogunlugunu ve fiziksel
parametrelerini ayirt eden kameralar puskirtlciye

yerlestirilir.

N & AT
s | lAIg!Iama sistemi
I Ultrasonik sensor  Bitki geometrisi I
! £ I Kizilotesi
I MEsafe '- sensor
- X,
|
| ! U .
| 2 '
| = A
| a) J b)

Algilama sensori

LIDAK sensér Bitki geometrisi

| |
| | | Algilama sistemi
| 2} I
| : |
| 1

Bilgisayarla
gorus sistemi .J '

| im

Sekil 7. Sensor tabanh ilaglama sistemleri (a)

=

»

Ultrasonik sensor (b) Kizilotesi sensor(c) LiDAR
sensor (d) Bilgisayarla gérme tabanh teknoloji
(Karakoy & Cilesiz, 2022).

2.5 Dron ile ilaglama
Bugiline kadar, diinyanin cesitli yerlerinde pestisit
uygulamasi i¢in ¢ogunlukla geleneksel yontemler
Manuel  mekanik

kullaniimistir. puskirticd,

geleneksel pestisit uygulamasi icin en yaygin
aragtir. Pestisitlerin elle puskirtiilmesi insanlari
etkilemekte ve kanser, asiri duyarlihk, astim ve
diger rahatsizliklar gibi hastaliklara yol agmaktadir.
Ayrica, geleneksel yontemlerin ekstra kimyasal
kullanimi, ciftlikte isglici sikintisi, daha dislk
plskirtme homojenligi, cevre kirliligi ve daha az
alan kapsami gibi baska eksiklikleri de vardir. Bu
daha

uygulama maliyetine neden olmakta ve hasere ve

geleneksel yontemler yliksek pestisit
hastaliklarin kontroliinde daha az etkili olmaktadir
(Hafeez vd., 2022). Dron ile ilaglama yirminci
ylzyilin ortalarindan beri kullanilmaktadir ancak
dron teknolojisindeki yeniliklerin ¢ogu geleneksel
yer puskirticilerine goére blyidk avantajlara
Tarimsal koruma

sahiptir. ilaglama ve bitki
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teknolojisindeki en dnemli gelismelerden biri olarak
kabul edilmektedir. Ginimiizde, dron 40 litreye
kadar pestisit tanki tasiyabilmekte ve ihtiyaclara
gore ekinleri plsklrtmek icin 6nceden haritalanmis
rotalari takip edebilmektedir. Dronlar, traktor ve
ucaklar icin  erisimi zor olan tarlalarin
kapsanmasinda blylk potansiyel gostermektedir.
Dron monte

edilmis  puskdrticliniin ~ baz

gorintileri Sekil 8'de gosterilmektedir.

.:
ahsuliinde ve

Sekil
(c) Muz agaclarinda kullanilan iHA tabanli ilaglama
sistemi (Hafeez vd., 2022).

Uretim alanindaki Griinlerin ve pestisitlerin dogru
zamanda yerinde izlenmesi ve gibre ihtiyaglarinin
degerlendirilmesi, girdi verimliliginin arttirilmasi
etkin kullanim i¢cin 6nemli bir parametre olmaktadir
(Gayathri, 2020). Dronlarin kullanildigi havadan
ilaclama yontemi dlinya c¢apinda buaylk ilgi
gormektedir. Dolayisiyla su anda insansiz hava
araglari, verimli ve dogru bir sekilde puskiirtmeye
yardimci olmak icin en gelismis olanlaridir.

iHAlar,

sirecinde gevre ve insanlar Gzerinde olumsuz etkisi

tarimsal  kimyasallarin ~ uygulanmasi
olan pestisitlerin azaltimasinda o6nemli bir rol
oynamaktadir. Tarimda insansiz hava araclarinin
bitkisel

kolaylastirarak misir, pamuk, piring gibi Grlnlerin

kullanimi, Gretim uygulamalarini
ilaclanmasini uygun hale getirmektedir.

Genellikle pestisitler ve gibreler gibi kimyasallar,
belirli kosullarin gercek zamanli degerlendirmesi
puskirttculer, kimyasal

yapilmadan, zemin

plskdrticiler, havadan plskirtme ve vyayin
yontemleri kullanilarak uygulanir (Lan, 2020). Bir
IHA puskirticusi ile ilaglama yaparken, kiigiik
damlaciklar genellikle bitki ortisiine girerken baz
damlaciklarda siriklenmeye neden olur. Damlacik
boyutu, iklim ve hava kosullari, plskiirtme kapsam

ve emilimi hedefe baglanmasini etkilemektedir.

insansiz aracglar, operatér ucakla goérsel temas

kurdugunda  telemetri  kullanilarak  uzaktan
yonlendirilebilir veya GPS ile planlanmis bir rota
edilebilir.

Piskiirtme siriiklenmesini azaltan IHA puskirtiic,

boyunca otonom olarak kontrol
4G, 5G ve GPS ag teknolojisi ile alana dogru rotayi
bitkilere

plskirtmek icin dogru yolu saglayarak ve ilag

planlayarak, dogru miktarda ilag
kullanimindan da tasarruf saglamaktadir.

sorunlari  ve boyutlari

yanlis
hedeflenmis sprey birikimleri yaratir. Boyutlarindan

Tasima biyik kanat

nedeniyle, eski IHA  puskirticileri
dolayl aga¢ ve bahcgelerde kullanilmazlar, sadece
genis tarlalarda kullanilirlar. Kiglk insansiz hava
araclarinin bitki koruma 6zellikle kiguk tarlalar ve
cesitli mahsuller i¢in algak irtifa, hava hizi kontroli
ve iyi alan 6zellestirme avantajlari sunar.

4 rotorlu, 6 rotorlu ve 8 rotorlu gibi kiglk
boyutlarda olan bircok dron tird, glinimizde
meyve bahceleri, agaclar ve tarlalarda ¢ok etkin
sekilde kullanilabilen dronlardir. Kigik boyutlu
hedefe etkili bir
pliskiirtme yapmamiza ve meyve bahceleri ile

dron piskdrticd, sekilde
ekinler arasinda kolayca c¢alismamiza yardimci

olmaktadir (Sekil 9).

Sekil 9. IHA puskirticiler (a) Tek rotorlu IHA
piskirtiici (b) Dort rotorlu IHA piskirtiici (c) Alti
rotorlu [HA puskirticii (d) Sekiz rotorlu iHA
plskirtict (Karakoy & Cilesiz, 2022).

2.6 Robot sistemleri ile ilaglama

Genel olarak, geleneksel Urin koruma, ciftgilerin
saghgini  olumsuz yonde etkileyen zehirli
pestisitlerin manuel olarak puskdrtiilmesini igerir.

Pestisitlere maruz kalmayi azaltmak icin navigasyon
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icin bir kontrol algoritmasina ve yiksek verimli bir
yoriinge hesaplama algoritmasina dayali olarak
pestisitleri otomatik olarak puskiirtmek icin akilli
bir robotik sistem gelistirilmistir.

Geleneksel tarim uygulamalarinda, zararlilari ve
yabani otlari kontrol etmek igin kullanilan
kimyasallar genel olarak esit olarak uygulanir fakat
yabani ot ve hastalik etmenleri icin gelistirilmis
robotlar kimyasallari istenilen alana uygun dozda
plskirterek uygular. Minimum diizeyde maliyet
icin talebi fazla olan robotlar yabani ot kontroli ve
hedefli ilaglama robotlaridir. Bu otonom robotlar,
mahsuliin konumunu algilayabilen ve kimyasallari
uygularken mahsulli koruma yetenegine sahip bir
goris sistemine sahiptir.

Tarla bitkilerine pestisit plskirtmeye benzer
sekilde, meyve ve sebzelere pestisit plskirtmek de
asiri plskirtme araliklari nedeniyle gevre Uzerinde
blyuk bir yik olusturmaktadir. Bu nedenle, servo
kontrollii nozullar, akis kontrol sistemleri ve
ultrasonik sensorler gibi cesitli sistemlerle daha
hassas puskirtme elde etmek icin bircok pestisit
plskirtme robotu tasarlanmistir.

Yakin zamana kadar, tarimda hasere kontroliiniin
odak

2022'de tarlalara salinan tarim robotlari arasinda

noktasi dronlarin  kullanimi  {zerineydi.
sliriclistiz traktorler, otomatik hasat sistemleri ve
otonom yabani ot ve hasere kontrol agribotlari yer
almaktadir.

Robotlar, bir kamera kullanarak giris gorintileri
almak, bunlari analiz etmek ve yaprak, kok veya
bitki (zerinde hasere ve hastalik kontrollerini
yaparak gerektiginde pusklrtme sistemlerini agmak
ve dogru pestisiti yaymak icin yapay zekad ile
ilaclama yapmak Uzere tasarlanmistir (Sekil 10)
(Yeditepe, 2023).

Sekil 10. Robot sistemleri ile ilaglama (Yeditepe,

2023).

3. Akilh imalatin Yeri ve
Gelecegi

Hizli prototipleme ya da katmanli imalat olarak da

Tarimda Eklemeli

adlandirilan eklemeli imalat teknolojisi ile karmasik
geometrilere sahip ve doluluk oraninin kullanici
tarafindan ayarlanabildigi fonksiyonel pargalarin
Uretilebildigi bilinmektedir (Ergene & Yalgin, 2023;
Ergene & Bolat, 2022). Otomotiv, biyomedikal,
savunma, uzay-havacilik ve insaat basta olmak
lizere bircok alanda uygulama alanlarina sahip olan
eklemeli imalat teknolojisi hali hazirda akilli tarim
bulmaktadir.
Ozellikle ilaglama sistemlerinde kullanilan robotlar

uygulamalarinda da kendine vyer

ve dronlarin agirhgini azaltmak amaciyla tercih
yakin
farkh
alanlarda da o6n plana c¢ikacagl distnidlmektedir
(Ferro vd., 2016). Ozellikle dért boyutlu (4B) baski
teknolojisi ile sekil hafizali malzemelerden (retilen

edilen eklemeli imalat teknolojisinin

gelecekte akilli  tarim uygulamalarinda

fonksiyonel pargalarin Ph, 1si, 1sik ya da bunlarin
birer kombinasyonu halinde uyaricilarla uyarilmasi
halinde zamanla sekil degistirme kabiliyetine sahip

olmasi (Ergene & Yalgin, 2020), ilaglama
sistemlerine  de 4B  teknolojisinin  adapte
edilebilecegi ve istenilen ortam  kosullar

saglandiginda ilgili parcalarin aktive edilmesi ile
ilaglamanin saglanabilecegi 6ngorilmektedir.

4. Sonuglar ve Gelecek Calismalar

Bu calismada akilh tarimda kullanilan ilaglama
sistemleri  detayli olarak incelenmis olup,
glnimiizdeki teknolojik gelismelere paralel olarak
ortaya ¢ikan yapay zeka, eklemeli imalat ve biylk
veri gibi alanlarin akilh  tarima olan etkisi
tartisiimistir. Gelecekte de akilli robotlar, yazilim,
yapay zekda ve otonom sistemlerin gelisimi ile
ilaclama sistemlerinin de kayda deger gelisim
icerisinde olacagl ve arastirmacilarin daha fazla

dikkatini cekecegi ongorilmektedir.

TESEKKUR
Bu calisma kapsaminda biinyesinde bulundurdugu
incelenmesine  olanak

ilaclama  sistemlerinin

tanidigl ve diger ilaglama sistemleri ile ilgili bilgi
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paylasimi ve desteklerinden dolayr Onallar Tarim
Makinalari AS’ye tesekkiir ederiz.
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