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Prof. Dr. Abdulkadir GULLU

_— S Bas Editor
Degerli okurlar, kiymetli bilim insanlari,

Bu sayimizda, alanlarinda 6ncii ve yenilikgi nitelikler tasiyan 04 farkl arastirma makalesine yer verdigimiz i¢in
biiyiik bir memnuniyet duyuyoruz. Her biri alaninda degerli katkilar sunan yazarlarimiza, ¢alismalarini dergimizle
paylastiklar1 icin ictenlikle tesekkiir ederiz. Her sayimizin hazirlanmasinda biiyiik bir titizlikle gorev alan
hakemlerimize de minnettarligimizi sunuyoruz.

Dergimizin stirekli gelismesi ve daha genis kitlelere ulasmasi icin araliksiz ¢alisan editérler kurulumuza, teknik destek

Bilim diinyasinda daha genis bir yanki uyandirmak ve dergimizin etki alanini genisletmek icin uluslararasi indekslerde
yer almak amaciyla yiiriittiigiimiiz ¢calismalar devam etmektedir. Yayinlanan makalelerin daha genis bir okur kitlesi
tarafindan kesfedilmesi ve literatiire olan katkilarinin artirilmast icin duyurularimizi siirdiiriiyoruz.

Ayrica, diinya ¢apinda daha fazla bilim insanina ulasabilmek icin uluslararasi iletisim ve tanitim faaliyetlerimize hiz
kazandirdik. Destekleriniz ve katkilariniz dergimizin siirekli gelisiminde biiyiik bir rol oynamaktadir.

Siz okurlarimiza ve degerli bilim insanlarina, gelecek sayilarimizda yeniden bulusmay: dort gézle bekledigimizi
belirtirken, saglik ve basari dolu gtinler dileriz.

Basin Yayin Kanunun “5187” geredin 1l1 eserleryoluyvla islenen fiillerden dogan m ive manevizarar m-13-

14 kapsaminda dergimizde yayinlanan yayinlarin icerigi ve hukuki sorumlulugu tek tarafliolarak yazar(lar)

a_aittir. Dergimiz, yénetim, hakem, editér, bilim ve imtivaz sahibi bu yiikiimliiliiklerikabul etmez. Dergimizde




Prof. Dr. Abdulkadir GULLU

Chief Editor
Dear readers,

In this issue, we are very pleased to include 04 different research articles that are pioneering and innovative in their
fields. We sincerely thank our authors, each of whom have made valuable contributions in their fields, for sharing
their work in our journal. We would also like to express our gratitude to our referees who work meticulously in the
preparation of each issue.

We would like to thank our editorial board, technical support team and valuable scientists in our editorial board for
their devoted work for the continuous development of our journal and reaching a wider audience.

We continue our efforts to be included in international indexes in order to create a wider resonance in the scientific
world and to expand the impact of our journal. We continue our announcements to ensure that the published articles
are discovered by a wider readership and to increase their contribution to the literature.

In addition, we have accelerated our international communication and promotion activities in order to reach more
scientists worldwide. Your support and contributions play a major role in the continuous development of our journal.

We look forward to meeting you, our readers and esteemed scientists, in our future issues, and wish you health and
success.

journal in written. All liability in this i lon hor(s).

As per the “5187” of Press Law, material and emotional damage arising from the actions via published works,

n r journal onl k rtin th lication h rs an ntribution to literature. R 11
announ Il readers, public an 11 T lication.

XI



OQURNAL o
< SRMENDISL ,,(f%,/
S Q?’lg\

ULUSLARARASI HAKEMLI MUHENDISLiK VE FEN BILIMLERI DERGiSi
INTERNATIONAL REFEREED JOURNAL OF ENGINEERING AND SCIENCES
Doi: 10.17366/uhmfd.2023.21.1 / ss. 1-15 - pp. 1-15

N

@ gz >

93 any ©!

D
Sy
Vi

QA

ZIRAI INSANSIZ HAVA ARACLARININ iILACLAMA STRATE]iSi VE PUSKURTME
SISTEMI ICIN JETSON NANO DEVKIT TABANLI KARAR DESTEK SiSTEMI TASARIMI*

JETSON NANO DEVKIT BASED DECISION SUPPORT SYSTEM DESIGN FOR SPRAYING
STRATEGY AND SPRAYING SYSTEM OF AGRICULTURAL UNMANNED AERIAL VEHICLES

Ukbe Usame UCAR?, Ahmet Can ESKIKALE?, Mustafa Taha TOPALOGLU?
IFirat University, School of Civil Aviation, Department of Aircraft Maintenance and Repair, Elazig / Tiirkiye
2Firat University, Forensic Informatics Engineering, Elazig / Tiirkiye
3Firat University, Electrical and Electronics Engineering, Elazig / Tiirkiye
ORCID: 0000-0002-9872-2890", 0009-0001-4834-7834% 0009-0002-9654-6165°

0z: Amag: Bu makalenin amaci Zirai Insansiz Hava Araglariyla
tarim arazilerinde yapilan ilaglama ve giibreleme islemleri i¢in
akill bir karar destek sistemi olusturmaktir. Bu sistemde, sey-
rek ya da gelismemis boélgelere farkli, normal gelisim gosteren
bolgelerde farkl ve yogun gelisim gosteren bolgelerde farkli
ila¢ atimlart gerceklestirilecek ve bitki sagligi korunacaktir.
Boylelikle, bitkinin yetersiz ilaglanmasinin ya da fazla ilaglama-
dan kaynaklanarak yanmasinin 6niine gegilebilecektir.

Yontem: Bu makalede Zirai Insansiz Hava Araglar1 (ZIHA) ile
yapilan ilaglama ve gilibreleme islemleri i¢in Jetson Nano Dev-
kit Yapay Zeka Bilgisayarina gomiilii bir karar destek sistemi
gelistirilmistir. ZIHA dan elde edilen anlik gériintiilerin dogru
bir sekilde analiz edilmesi i¢in 3 farkli goriintii isleme algorit-
mas1 (“RGB Filter Method”, “Pixelwise Classification Method”
ve “HSV Range Filter Method”), 4000 tarim arazi goriintiisii
lizerinde test edilmistir. Anlik olarak goriintiilerin degerlendi-
rilmesi ve ila¢ piiskiirtme miktarinin degistirilmesi gerektigi
bu sistemde ¢oziim siiresi ve ¢6ziim glivenilirligi (yesil yaka-
lama orani) iki farkli amag olarak dikkate alinmigtir. Goriintii
isleme sonuclarina gore 3 farkli kademelendirilen (diistik-or-
ta-yiiksek seviye) ve “Pulse Width Modulation” ile “Pulse Width
Modulation” tekniklerine gore olusturulan piiskiirtme sistemi-
nin ¢calisma prensibi “Proteus” simiilasyon programi {izerinden
simiile edilmis ve gercgek sistem iizerine aktarilmistir.

Bulgular: Analiz ¢alismasi sonucunda ¢6ziim siiresi ve ¢6ziim
giivenilirligi amagclarini es zamanh saglayan ideal algoritma-
nin “RGB Filter Method” oldugu tespit edilmistir. Piiskiirtme
sisteminde ise 3 kademe icin saniyede atilacak ila¢ miktarlar:
belirlenmistir. Son olarak ise ZIHA iizerindeki kameradan 6 sa-
niyede bir goriintli alinmasi ve buna gore ilaglama yapilmasina
karar verilmistir.

Sonug: Onerilen karar destek sistemi sayesinde tarim alanlari
bitkinin ihtiya¢ diizeyine gore dinamik seviyelerde ilaglanabi-
lecektir. Kiiresel 1sinma, toprak erozyonu ve su kitliginin bulun-
dugu giinlimiiz diinyasinda, ¢alismanin akilli tarim uygulama-
larina pozitif katki saglayacagi 6ngoriilmektedir.

Anahtar Kelimeler: Yapay Zeka Bilgisayari, Akilli Tarim Uygu-
lamalari, Gériintii Isleme, Siirdiiriilebilirlik, Zirai Insansiz Hava
Araclari

Abstract: Aim: The aim of this paper is to create an intelligent
decision support system for spraying and fertilization opera-
tions in agricultural lands with Agricultural Unmanned Aerial
Vehicles. In this system, different pesticides will be sprayed
in sparse or undeveloped areas, different pesticides will be
sprayed in areas with normal development and different pes-
ticides will be sprayed in areas with intensive development
and plant health will be protected. Thus, inadequate spraying
or burning of the plant due to over spraying will be prevented.

Method: In this paper, a decision support system embedded in
the Jetson Nano Devkit Artificial Intelligence Computer is de-
veloped for spraying and fertilization operations performed by
Agricultural Unmanned Aerial Vehicles (UAVs). Three different
image processing algorithms ("RGB Filter Method", " Pixelwise
Classification Method" and "HSV Range Filter Method") were
tested on 4000 agricultural field images in order to accurately
analyze the snapshots obtained from UAVs. Solution time and
solution reliability (green capture rate) were considered as two
different objectives in this system where the images should be
evaluated instantaneously and the amount of pesticide spray-
ing should be changed. According to the image processing re-
sults, the working principle of the spraying system, which was
created according to 3 different levels (low-medium-high level)
and "Pulse Width Modulation" and "Pulse Width Modulation”
techniques, was simulated through the "Proteus” simulation
programme and transferred to the real system.

Results: As a result of the analysis, it was determined that the
"RGB Filter Method" is the ideal algorithm that simultaneously
meets the objectives of solution time and solution reliability. In
the spraying system, the amount of pesticide to be sprayed per
second was determined for 3 stages. Finally, it was decided to
take an image every 6 seconds from the camera on the APC and
to spray accordingly.

Conclusion: Thanks to the proposed decision support system,
agricultural areas can be sprayed at dynamic levels according
to the level of plant needs. In today's world of global warming,
soil erosion and water scarcity, the study is expected to make a
positive contribution to smart agricultural practices.

Keywords: Artificial Intelligence Computer, Smart Agriculture
Applications, Image Processing, Sustainability, Agricultural Un-
manned Aerial Vehicles
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INTRODUCTION

Agriculture, the oldest and most common
source of livelihood in the world, is an
indispensable part of the food sector. There
are many factors for a sustainable and
efficient agriculture. Agricultural spraying
and fertilization are among these factors.
These processes, which are carried out for
different purposes, are of great importance in
terms of plant health and product yield.
Thanks to spraying, the plant is protected
from diseases and harmful organisms such as
insects and locusts. Thanks to the spraying
process, which is effective in the growth of
plants, more products are obtained per unit
area. Quality and healthy products are
obtained from correctly sprayed plants. In
this way, factories and companies operating
in the food sector can produce reliable
products. In addition, thanks to spraying,
organism populations affecting plant growth
can be kept under control and their spread is
prevented. All of these benefits are possible
with the right spraying policy.

Wrong spraying policies in agricultural
practices have many negative consequences.
Improper spraying causes chemical residues
in the soil and may pose a threat to natural life
by leaking into water resources. As a result of
incorrect spraying, harmful organisms such
as pests, insects and locusts develop
resistance to drugs and the effectiveness of
drugs decreases. Another consequence of
wrong spraying policy is on soil health. The
harmful chemicals in the pesticide disrupt the
organic structure of the soil and may
adversely affect the activities of beneficial

microorganisms. Finally, accumulation of

pesticide  residues on plants and
consequently jeopardizing food safety is a
consequence of the wrong spraying policy. In
this context, there is a high need for the
implementation of a correct and conscious
agricultural policy in terms of human health

and ecological balance.

Artificial intelligence technologies are
becoming increasingly widespread solution
architectures that are being used in solving
agricultural problems. Artificial intelligence
approaches are used to increase agricultural
productivity, develop sustainable agricultural
policies and optimize processes in plant
production. With big data and data mining,
data obtained from agricultural lands are
analysed and made sense of, and ideal
cultivation practices are offered to farmers.
With prediction models such as artificial
neural networks, meteorological forecasts
can be made and the ideal calendar for
planting operations can be determined. In
addition, irrigation and fertilizations times
are carried out according to this calendar.
With the developments in Agricultural
Unmanned Aerial Vehicle technologies, plant
health is monitored using image processing
techniques and spraying times are notified
with warning systems. With artificial
intelligence-based sensor systems, the
requirements of the plant are determined and
irrigation or fertilization can be carried out as
much as needed. There are many studies on
agricultural  applications of artificial
intelligence systems in the literature, some of

which are shown in Table 1.

In this paper, a decision support system is
developed for the intelligent spraying of
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agricultural lands with Unmanned Aerial
Vehicles. In the system, the foliage levels in
agricultural lands are taken into account and
an algorithm is developed to change the
instantaneous spraying type and adjust the
drone spraying level by taking into account
the greening rate in the land. Three different
image processing techniques were used to
determine the foliage levels of agricultural
fields and the fastest and most accurate
technique was selected on the Jetson Nano
Devkit

analyses. The spraying level remains constant

computer through comparative

in the existing UAVs, whereas in our proposed

system, the spraying level can change
dynamically instantaneously. For this reason,
this paper is considered to be different from
other studies in the literature. In the second
section of the paper, the problem and data
described, and the
methodologies used are introduced in the
third fourth

information about the application study is

sets are solution

section. In the section,
given, and in the fifth section, which is the last
section, general evaluations about the study
are made and information about future

studies is given.

Table 1. Some of the Studies in the Literature Related to the Problem

Author Information

Problem

Methodology

Agin and Malasly, 2016
Assuncio et al,, 2022
Baris, 2015

Didem, 2019

Fracarolli et al., 2021
Glizel, 2022
Nnadozie et al., 2023

Majumdar et al., 2017

Oflazoglu and Ozdemir, 2021

Palepu and Muley, 2017

Prabhakaran et al.,, 2021

Sanchez and Zhang, 2022
Sassu et al,, 2023
Saygili and Ozmen, 2022

Stasenko et al., 2023

Sin, B., and Kadioglu, 2019

Sustainable Agriculture
Weed Control
Feasibility of Agricultural Lands

Classification of Agricultural
Products

Literature Review
Weed Detection
Harvest Monitoring System

Agriculture Analysis and Estimation
of Soil Fertility

Detection of Olive Fruit

Agriculture Analysis in terms of
Soils

Literature Review on Agriculture
Methodology and Fertility

Spraying for Weed and Soybean
Artichoke Detection
Object Detection

Detection of decay after early
harvest in apples

Detection of weed

Image Processing Techniques
DeeplabV3
SWOT Analysis

Controlled and Uncontrolled
Classification Methods

Computer Vision
YOLOv5
YOLOv5

PAM, CLARA, DBSCAN and Multiple
Linear Regression.

YOLOv4

Data Mining

Data Mining

CNN
YOLOvV5
SSD MobileNet

GAN, CNN

Image Processing Techniques
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Tirker et al., 2015

Tripathi and Maktedar, 2016

Precision Agriculture

Disease Determination for

GIS, Data Mining, Artificial
Intelligence

Machine Learning

Agricultural Products

Zualkernan, 2023

Precision Agriculture and UAS

Machine Learning

PROBLEM

Spraying and fertilization of agricultural
lands is of great importance in terms of
increasing harvest efficiency, preventing
plant diseases and protecting against pests.
The ecological damage to the environment,
high fuel costs, and the inability to use these
machines in  adverse  meteorological
conditions such as rain and mud have led to
the development and use of ZIHA systems in
agricultural areas. In this paper, the pesticide
spraying system of the UAVs is discussed and
a spraying system that can change the
spraying level instantaneously is created with
an artificial intelligence system. In this system
where the greenness level of the agricultural
land is taken into account, it is aimed to
perform high level spraying in areas with low
green rate, ideal level spraying in areas with

normal green rate and low level spraying in

areas with high green area. In this way, each
region of the field was evaluated separately
and it was aimed to apply as much pesticide
to each region as needed. In this way,
excessive spraying and burning of the
product is prevented and failure to develop

due to deficient spraying can be prevented.

The most important part of the development
of the spraying system is to accurately and
quickly determine the greenness level of the
agricultural land. In this system, which will
work in harmony with Pixhawk Cube Orange
on Jetson Nano, image processing speed is of
great importance. In the study where images
will be processed with three different
methods, a data set consisting of 4000
agricultural land images is used. These data
are divided into three categories according to
their greenness levels: low, medium and high,

some of which are shown in Figure 1.

Low Medium High

Figure 1. Examples of Images Used in the Data Set

After image processing, the adjustment of the

nozzles in the spraying system constitutes the

other stage of the problem analysed in the

article. The characteristics of the Agricultural
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Unmanned Aerial Vehicle used and the image
processing times affect the intervals at which
the spraying will be done and how many
pressures will be made according to the
relevant level. Insufficient spraying will
prevent the growth of the plant, while over-
spraying may cause the plant to burn. In the
next section, the solution methodologies used

in the problem are introduced.
SOLUTION METHODOLOGY

In this study, the features of the Agricultural
Unmanned Aerial Vehicle developed by us

|

and shown in Figure 2 are taken into
consideration. In particular, the components
of the UAV have a great influence on the
determination of the working principle of the
spraying system. In this context, the solution
methodology for the problem stated in
section 2 consists of two parts. In the first
part, three different methods used in image
processing are explained, and in the second
part, the formulation to be used in the
spraying system is expressed. The solution

architecture for the problem is shown in

Figure 3.

e 3

Figure 2. Developed Agricultural Unmanned Aerial Vehicle

Set-3

o R
-E R
o4

Dataset

Jetson Nano

Irrigation Motor

Figure 3. Solution Architecture
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The techniques and systems described in
Figure 3 are described in detail in the

following sections.
Image Processing

Image processing is the mathematical and
computational studies carried out to bring the
images in digital format to the desired
structure with the help of computer software.
Clarifying the image, producing other images
for different purposes, creating digital images
and analyzing them are activities within the
scope of image processing. Detection,
differentiation and separation of objects are
examples of the purposes of image
processing. Image processing methods are
used in many fields such as agriculture,
defence, health and industry. (Basaran and
Elbasan, 2023) Many methods are used in the
literature on image processing, and the
methodologies used in this article are

described below.

X

Blue

s
Red

Figure 4. RGB Space (Chen et al., 2020)

Green

Technic-1 (RGB Filter Method)

In object or pattern processing, feature
detection or colour-based image processing
methods can be used. The colour properties
of images that are not affected by geometric
transformations such as scaling or rotation
can be represented by various colour models
in digital systems. In the literature, RGB
colour space is generally preferred because it
can process images easily. (Zarkasi et al,
2019).

RGB colour space (Figure 4) consists of the
initials of the colours red (R), green (G) and
blue (M). In this method, the colours
represent the three surfaces of a cube and
form an array of three variables. The
elements of this array store the colour code
for the intensity value obtained by mixing the
RGB colours.

Saturation

Figure 5. HSV Range Filter Method (Chen
etal., 2020)
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The RGB Filter Method uses a logical filter to
determine shades of green in RGB colour
space. Green pixels should be larger than red
and blue pixels. In this study, a vectorised
filtering process is implemented using the
"Numpy" library in Python 3.9.13. Since this
study focuses on green areas, if the green
component of each pixel is larger than the red
and blue components, this pixel is considered
green. The RGB Filter Method is known to be
the most cost-effective, reliable and fast
method to determine green and its shades in

colour space.

Technic - 2 (Pixelwise Classification
Method)

In this method, the RGB values of each pixel
are directly controlled. Since this paper
focuses on plant growth, the green pixels
should be larger than the red and blue pixels.
That is, if the green component of each pixel
is larger than the red and blue components,
this pixel is considered as green. Unlike the
previous method, this method uses nested
loops to check each pixel individually. (Guo et
al,, 2018).

Technic - 3 (HSV Range Filter Method)

HSV colour space (Figure 5) consists of 3
different elements as "Hue", "Saturation" and
"Value". In this method, the hue of the colour
is expressed by "Hue" and the value of this
element varies between 0 and 360 degrees.
The intensity of the colour in the space is
expressed by the term "Saturation" and the
brightness of the colour is expressed by the
term "Value". The range of values that these
two variables can take is between 0 and 100.

(Bektas et al., 2023). In this article, the colour

green is considered and the range of values of
the 3 components for this colour can vary
between [0,0,12] and [180,63,100].

Spraying System

The spraying system used in this article
works in conjunction with the Jetson Nano
Devkit artificial intelligence development
card on the Agricultural Unmanned Aerial
Vehicle, where image processing methods are
applied. In the general working principle of
the system, the plant development level
outputs obtained by using image processing
technique with Jetson Nano are processed
through fuzzy logic algorithm and classified
as low-common-high. In the next step, the
amount of spraying is changed by
instantaneous control of the spraying pump
on the Agricultural Unmanned Aerial Vehicle

with Jetson Nano Devkit.

In order to realize the specified system, a
liquid transfer pump with DC 12V supply and
a motor driver circuit board with L298N
integrated motor driver circuit board, where
Pulse Width Modulation (PWM) speed
control technique can be used to control this
pump instantaneously (Kose et al, 2013;
Fatma and Hamid, 2019). Thanks to the
enable input on this circuit board, DC motor
control is performed by using the enable
output of the Jetson Nano board depending on
the low-medium-high classes obtained as a
result of the fuzzy logic algorithm processed
on Jetson Nano. In this way, the amount of
liquid transferred can be increased or
decreased by changing the supply voltage of
the liquid transfer pump depending on the
image processing outputs during the spraying

of the Agricultural Unmanned Aerial Vehicle.
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The realization stages of the system, whose
general logic and working principle are
explained above, were carried outin a certain

process. As the beginning of this process, the
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PWM speed control of the DC motor was
simulated through the Proteus simulation

program shown in Figure 6.
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GPiI012 O

Figure 6. Simulation of the Spraying System on Proteus

According to the results obtained after
simulation, the proposed spray system was
installed in the real world and started to be
tested. As a result of these tests, it was
observed that the DC motor in the liquid
transfer pump could not overcome the
moment of inertia with the motor driver card.
The reason for the different results from the
simulation was determined that the liquid
transfer pump structure was not exactly the
same in simulation environments. Then, as a
solution to this problem, direct starting
method was applied to the motor with a relay
controlled by a microcontroller during the
period when the liquid transfer pump can
overcome the moment of inertia. After the
motor overcomes the moment of inertia, the
driver circuit board re-enters the system with
the help of the relay and the motor control is
started. In the next section, the application
study is developed in line with the proposed
solution methods and the specified problem

characteristics.
EXPERIMENTAL STUDY

In the application study, the features and

components of the Agricultural UAV in Figure

2 were taken into consideration and image
processing studies were first carried out on
the Jetson Nano Devkit. According to the
results of the analysis, the ideal one among 3
different methods was determined and the
spraying system was tried to be developed
according to this method.

Image processing studies were carried out on
a Jetson Nano Devkit artificial intelligence
computer with 4 GB 64-bit LPDDR Ram and
1.43 GHz processor. In the test study where
4000 different photographs were used, the
greenness levels of the photographs varied
between 0% and 100%. The data set in the
application study consists of photographs
obtained from the "kaggle" online platform
(Website-1, Website-2). In Python 3.9.13,
image processing studies were carried out by
(for

operations), “Opencv” (for image processing),

using “Numpy” mathematical
“Skfuzzy” (for fuzzy logic), “Time” (for time
management) and “CSICamera” (for Jetson
Nano Devkit camera management) libraries.
Some of the images obtained as a result of the

analysis are shown in Figure 7.
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Figure 7. Some of the Results of Image Processing Analysis

In the proposed instantaneous-dynamic
spraying system, the speed of image
processing techniques on the Jetson Nano
Devkit is of great importance. In this paper,
the performance indicators for the success of
the techniques are the solution time of the
algorithms and the percentage of capturing
the green rate. In Figure 8, the results
obtained from the analysis of 4000 images are
expressed in terms of two performance

indicators.

When Figure 8 is analysed, it is observed that
the solution time of Method-3 (HSV Ranger

Filter Method) is less than the others, but the
green capture rate is the lowest. The green
capture rate of Method-1 (RGB Filter Method)
and Method-2

Method) is approximately the same, and it is

(Pixelwise Classification

determined that Method-1 is quite good in
terms of solution time and produces solutions
in a short time. As a result, considering the
time-cost interaction, it was determined that
the ideal image processing technique is
Method-1 and it was decided to use this

technique in the spraying system.
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Figure 8. Comparative Analysis Results of Image Processing

In accordance with the Method-1 technique, spray tests were carried out with the experimental

setup shown in Figure 9.

Figure 9. Spray System Experiment Set-Up

While creating the spraying system, it was
assumed that more pesticide should be
applied to the area with low development
level, less pesticide should be applied to the
area with high development level and
medium pesticide should be applied to the
area with normal development level. As a
result of image processing, if the greenness
rate of the region is between 0% and 40%, it

is planned to apply high level pesticide to this

region, if it is between 40% and 70%, it is
planned to apply medium level pesticide and
if it is above 70%, it is planned to apply low
level pesticide and the spraying system was
created according to this assumption. In
order to perform spray tests, the operating
voltages of the liquid transfer pump were
determined according to low, medium and
high classes. These parameters are 6V for low
class, 9V for medium class and 12V for high

10
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class. In order for the liquid transfer pump to
operate at the specified voltage levels, it is
realized with the duty period parameter used
in Pulse Width Modulation (PWM) technique.

This parameter is calculated by the formula
Ton

d=—.
T

period of the pulse signal and "T,,," indicates

"T" in the formula indicates the

the time when the signal is at "V,,,,,”. In the
calculations made on the basis of the
formulation transferred, after determining

Vinax = 12V, the duty period for the 6V supply

value determined for the low class is “0.5
millisecond”, the duty period for the 9V value
determined for the medium class is “0.75
millisecond”, and finally the duty period for
the 12V supply value determined for the high
class is calculated as “1 millisecond”. This
information was software embedded on the
Jetson Nano Devkit and the test system in
Figure 9 was run. The main purpose of these
tests is to see different spray amounts based
on the same times according to the image

processing outputs.

e
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2

50ml

S
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=
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Figure 10. Spray Quantity at
6V Voltage (Low Class)

In the tests, firstly, the amount of spraying
depending on the low class was tried to be
determined. For this purpose, as a result of
the low class output received from Jetson
Nano, the liquid transfer pump sprayed for 3
seconds. Considering that the ZIHA can spray
every second, the conversion was made
according to the 3-second data and the

amount of agricultural medicine sprayed in 1

Figure 11. Spray Quantity at
9V Voltage (Medium Class)

Figure 12. Spray Quantity at
12V Voltage (High Class)

second in Figure 4 was measured as 22
milliliter in a 50 milliliter scaled container.
Then, as a result of the 3-second test based on
the medium class output, it was determined
that 33 milliliter of pesticide should be
discharged within 1 second as shown in
Figure 5. Finally, it was determined that 48
milliliter of liquid should be sprayed as shown

in Figure 6 in the ratio of 3 seconds of test

11
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results to 1 second at high spraying level. As a
result of the tests, it was seen that different
amounts of spraying can be done according to

the image processing outputs.
RESULTS

As a result of the analyses, it was determined
that a time of 5.1 seconds was required
considering the image processing time
(maximum 100 milliseconds = 0.1 seconds for
method-1), the on-off time of the camera on
the Jetson Nano (3.5 seconds) and the spray
(1.5

Considering the possible waits

system operating time seconds).

due to
technical conditions, it was decided that the
camera connected to the Jetson Nano Devkit
on the UCAV should take a field image every 6
seconds and change the spraying system

according to this time.
CONCLUSION AND RECOMMENDATIONS

Traditional agricultural methods are being
replaced by modern technologies due to their
high fuel costs, damage to nature caused by
fossil fuels and dysfunctional in difficult
terrain conditions. Agricultural Unmanned
Aerial Vehicles are one of these modern
technologies and are used extensively in
agricultural lands thanks to their different
features. In these vehicles, which are widely
used in liquid spraying and fertilization
processes, the UAV performs spraying on the
relevant land in a fixed manner. Due to both
soil structure and meteorological conditions,
each region of the land develops at different
rates and different spraying processes need
to be carried out in different regions. In this
paper, a dynamically based decision support

system is developed on Jetson Nano Devkit

artificial intelligence computer for a smart
spraying and spraying process in ZIHAs. In
the method, it is aimed to accelerate the
greening by spraying high amount of
pesticide in low-growing areas in the field and
to prevent the plant from burning by spraying
low amount of pesticide in high-growing
areas. Firstly, image processing techniques
were analysed with Jetson Nano Devkit
computer and Python libraries on 4000
different field images and it was determined
that RGB Filter Method among 3 techniques
could determine green areas quickly and
reliably. In the second stage, according to the
results of the RGB Filter Method, the working
principle of the spraying system was tried to
be determined with the prepared test setup.
As a result of image processing, 3 different
spraying levels were determined and it was
determined that 22 milliliter of pesticide
should be sprayed per second with a voltage
of 6V for the low level. In addition, it was
analysed that 33 milliliter of liquid should be
discharged at medium level with 9V voltage
should be
discharged at high level with 12V voltage.

and 48 milliliter of liquid

Finally, as a result of the analyses, it was
determined that the camera connected to the
Jetson Nano Devkit on the AIHA should take
and process the field image every 6 seconds
and change the spraying system accordingly.
In today's world where there are ecological
problems such as water scarcity, global
warming and soil erosion, smart and accurate
spraying and fertilizations of agricultural
lands is of great importance, and it is thought
that the proposed system will contribute to

the solution of these problems.

12
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In future studies, it is recommended that
should test the

methods on more specific crop groups, revise

researchers proposed
the system for different types of pesticides
and fertilizers and improve the solution with
different methods. Obtaining soil images with
drones with high resolution and spectrum
and applying the proposed method may
field of

researchers. Detection of pests that damage

constitute another study for
agricultural lands and determination of the
amount and type of pesticide to be applied
the

population and plant health is seen as a new

according to abundance of pest

field of study. Developing a new mathematical
model for the problem and optimizing the
amount of pesticide to be sprayed and the
spraying time according to this model will

lead to a different approach to future studies.
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BETONARME KOLONLARDA LiF TAKViYELi POLIMER SARGILAMANIN
PERFORMANSA ETKiSi?

EFFECTS OF WRAPPING WITH FIBER-REINFORCED POLYMER MATERIALS ON THE
PERFORMANCE OF REINFORCED CONCRETE COLUMNS

Yusuf SUMER', Wallaa SHINNO?
2Sakarya University of Applied Sciences, Faculty of Technology, Department of Civil Engineering, Sakarya / Tiirkiye
ORCID: 0000-0002-9314-1640%, 0009-0006-9369-9683

0z: Amag: Fiber takviyeli kompozit malzemeler kullanarak
betonarme tasiyici elemanlarin dis yiiklere karsi dayanimi
arttirmak veya eski dayanimini geri kazandirmak son yillarda
yaygin bir uygulama yaklasimi haline gelmistir. Bu yontem be-
tonda sargilama etkisi meydana getirdigi icin etkili bir sekilde
elemanin mukavemetini arttirmakta, kesme dayanimina ve
enerji sontimleme kapasitesine katki saglamaktadir. Bu ma-
kale, karbon fiber takviyeli polimer (CFRP) sargilarla giiclen-
dirilmis, koseleri yuvarlatilmis eksenel yiikli kare betonarme
kolonlarin davranisi lizerine kapsamli bir Sonlu Eleman aras-
tirmasinin sonuglarini sunmaktadir. Oncelikle laboratuvar de-
neylerini bilgisayar ortaminda yapmaya imkan saglayan deney-
sel calisma ile dogrulanmis bir sonlu eleman modeli ABAQUS
yazilimi kullanilarak elde edilmistir. Daha sonra 27 kare kesitli
betonarme kolon 200*200*1100mm boyutlarinda modellen-
mis ve dogrusal olmayan sonlu elemanlar yontemi kullanilarak
analizler yapilmistir. Sonlu eleman ¢alismasinda beton muka-
vemeti, sarma tipi (tam veya kismi) ve etriye araligi olarak ti¢
parametre dikkate alinmistir. Analiz sonuglarina goére sargih
betonarme kolonlara ait sonuglar, sargisiz kolonlarla karsi-
lastirlldiginda CFRP ile sarilmis kare betonarme kolonlarinin
basing dayanimlarinda dnemli artiglar goriilmiistiir. Kolonu
tam sargilamanin % sargilamaya gore dayanimi 3 kattan fazla
arttirdig) tespit edilmistir. Stineklikte ise daha sinirli bir artis
oldugunu belirlenmistir.

Yontem: Bu calismada dncelikle literatiirden alinmis deneysel
bir ¢alismanin dogrusal olmayan sonlu eleman y6ntemi kulla-
nilarak bilgisayar ortaminda sayisal modeli olusturulmustur.
Daha sonra detayli sonuglar elde etmek icin bir tiretilen farkl
degiskenler altinda kolon dayanimlarini test etmek i¢in bir pa-
rametrik calisma gergeklestirilmistir. Parametrik ¢alisma i¢in
belirlenen tiim sayisal modeller ABAQUS sonlu eleman yazilimi
ile eksenel yiik altinda analiz edilmistir.

Bulgular: Parametrik ¢alisma sonuglarina goére tam sarili sii-
tunlar, serit sarili siitunlardan 6nemli 6l¢iide daha iyi perfor-
mans gostermistir. Beton mukavemetinin artmasi ile sargi-
lanan kolonlarda iki kattan daha fazla dayanim artis1 oldugu
belirlenmistir.

Sonug: ABAQUS sonlu eleman yazilimi kullanilarak gercek-
lestirilen sayisal model, literatiirden elde edilen eksenel ytik-
li kolon deneyini kabul edilebilir yaklasikla dogrulamistir.
Onerilen sonlu eleman modeli ile yapilan parametrik galisma,
FRP kompozitlerle sargilama yiizdesinin kolonun eksenel yiik
tasima kapasitesinin arttirilmasinda énemli bir rol oynadigin
gostermistir.

Anahtar Kelimeler: Betonarme Kolon, Fiber Takviyeli Polimer,
Sonlu Elemanlar Yontemi, Eksenel Yiik

1 Sorumlu Yazar / Corresponding Author: Yusuf SUMER, Sakarya University of Applied

Abstract: Aim: Increasing the resistance of reinforced con-
crete load-supporting components to external loads or restor-
ing their original strength by utilizing fiber-reinforced compos-
ite materials has become an increasingly utilized technique in
recent years. Because this process provides a wrapping effect
on the concrete, it effectively boosts the element's strength and
contributes to shear strength and energy absorption capacity.
This paper presents the results of a comprehensive FEM inves-
tigation on the behavior of axially loaded square reinforced con-
crete columns with rounder corners that have been strength-
ened with carbon fiber-reinforced polymer CFRP wraps. First,
a finite element model verified by experimental work, which
allows laboratory experiments to be carried out in a computer
environment, was obtained using ABAQUS software. 27 square
reinforced concrete columns measuring 200*200*1100 mm
were modelled and analysis was carried out using a non-linear
finite element analysis. Three parameters of concrete strength,
type of wrapping (full and partial) and the distance between
stirrups were considered. According to the analysis results, sig-
nificant increases were observed in the compressive strength
of square reinforced concrete columns wrapped with CFRP
compared to the unwrapped columns. It has been determined
that full wrapping of the column increases the strength more
than 3 times compared to % wrapping. It was found that the
increase in ductility was relatively limited.

Method: First, a numerical model of an experimental study
from the literature was generated in the computer environ-
ment utilizing the non-linear finite element approach in this
study. A parametric analysis was then performed to test the
column strengths under various conditions in order to acquire
extensive data. ABAQUS finite element software was used to
examine all numerical models developed for the parametric
study under axial load.

Results: According to the parametric study results, fully
wrapped columns performed significantly better than strip
wrapped columns. It was determined that as the concrete
strength increased, the strength of the confined columns in-
creased more than twice.

Conclusion: The numerical model implemented using ABAQUS
finite element software confirmed the axial loaded column ex-
periment obtained from the literature with an acceptable ap-
proximation. Parametric study conducted with the proposed
finite element model showed that the percentage of wrapping
with FRP composites plays an important role in increasing the
axial load-carrying capacity of the column.

Keywords: RC Column, Fiber Reinforced Polymers, Finite Ele-
ment Method, Axial Load

Faculty of Technology, Department of Civil Engineering, Sakarya / Turkey, ysumer@subu.

edu.tr, Gelis Tarihi / Received:19.06.2023, Kabul Tarihi / Accepted:23.12.2023, Makalenin Tiirii / Type of Article (Arastirma - Uygulama / Research - Application), Cikar Catismasi / Conflict
of Interest: Yok / None, Etik Kurul Raporu/ Ethics Committee Report Yok / None "A declaration has been made by the author(s) that the study does not require an ethics committee, and the

responsibility is unil ally d by the author in all material / moral aspects”

@@@@ Giiven Plus Group Consulting Inc. International Refereed Journal of Engineering and Sciences istanbul /Tiirkiye
BY NC_ND

Copyright 2023, Giiven Plus Group Consulting Inc. This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)




ISSN Print: 2148-4783 Online: 2149-2484

Eyliil / Ekim / Kasim / Aralik Yil: 2023 Sayi: 21 Sonbahar Dénemi

September / October / November / December Year: 2023 Number: 21 Autumn Term

INTRODUCTION

External confinement of concrete using FRP
composites has become a common column
modification approach in recent years. When
distressed reinforced concrete (RC) columns
demand improved axial strength or shear
the use of Fiber Reinforced
(FRP)

particularly useful. It effectively reduces

capacity,

Polymers column jacketing is
concrete cover spalling, improving axial

strength, shear capacity, and energy
absorption while preventing longitudinal
steel buckling. Furthermore, this composite
material has proven to be quite effective in
retrofitting a variety of basic structural
elements, such as beams, columns, slabs, and
walls. As a result, FRPs provide alternative
and appealing methods of strengthening and
retrofitting old, weakened, and updated
FRPs

environmentally friendly and economically

structures. are preferred as
advantageous materials for rehabilitation. As
mentioned earlier, wrapping deteriorated
reinforced concrete elements (beams,
columns, slabs, walls, and bridge systems)
with FRP not only

strengthens the structural elements without

repairs but also
requiring any demolition or temporary
support and can extend their useful life by
decades. Thus, significant financial savings
can be achieved with FRP-strengthening

methods.

Scientists in Switzerland and Japan began

developing FRP for concrete

of
strengthening of bridges in the 1980s. Since

systems

confinement columns and flexural

then, much research has been conducted on

FRP strengthening systems, and this

technology has been adopted and used since
the early 1990s. Externally, FRP system
concrete structures have design standards in
both Europe (FIB, 2001) and America (ACI
Committee 440.2R-02, 2002); alternative
design guidelines have also been produced in
Turkey (TBEC, 2018), Japan (JSCE, 2001), and
Italy (CNR-DT 200, 2006). Despite the
existence of universal code rules, designing
and analyzing FRP-strengthened concrete
structures
difficult,

unusual loading circumstances.

can be time-consuming and

particularly in situations with

Al-Salloum (2007), carried out an assessment
on how the strength of square reinforced
concrete columns, confined with FRP sheets,
was influenced by variations in corner radius.
The study involved the construction and
testing of 20 specimens subjected to axial
loads until failure. The corners of these
specimens were rounded to dimensions of
1/6, 1/4, and 1/3 of the side length, with a
minimum radius set at 5 mm. The findings
indicated a direct correlation between the
efficiency of FRP sheets and the corner radius,
showcasing an enhancement in both strength
and ductility. In a study by Wu and Wei
(2010), the influence of cross-sectional aspect
ratio on enhancement

strength was

examined. Forty-five specimens underwent

uniaxial compression tests, externally
confined wusing bonded carbon fiber-
reinforced polymer (CFRP) sheets. Key

factors considered were aspect ratio (ranging
from 1.0 to 2.0 in intervals of 0.25) and the
number of CFRP layers (ranging from zero to
two). Results showed that CFRP jackets

improved the performance of rectangular
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concrete columns, whereas CFRP wrapping
was more effective for square sections.
Strength enhancement decreased as the
aspect ratio exceeded 2. Additionally,
compressive strength increased with more
CFRP layers,

showed significant improvement. Masia et al.

and specific aspect ratios

(2004), conducted research to assess the size
effect of square, plain concrete columns that
were wrapped in CFRP. They found that as the
cross-section size increased, the strength
boost provided by the FRP jacket dropped.
The corner radius was constant for both big
and small specimens; therefore, the decline in
strength enhancement was associated with a
decline in the ratio of the corner radius to the

section width.

In an extensive experimental study (Chaallal
et al, 2003) investigated the impact of
concrete strength, aspect ratio, and the
number of carbon fiber-reinforced polymer
(CFRP) layers on the behavior of axially
loaded short rectangular columns. A total of
90 specimens underwent rigorous axial
compression testing, revealing noteworthy
findings. It was observed that the maximum
enhancement in strength and ductility
occurred with lower-strength concrete as
opposed to normal-to-high strength variants.
Notably, an increase in unconfined concrete
strength correlated with decreased axial and
transverse strains, resulting in a reduction in
ductility. Meanwhile, Zeng et al. (2018)
conducted a focused examination using 15
cylindrical specimens (300 mm height, 150
mm diameter) to explore the behavior of
FRP-

confined circular columns. The investigation

partially fiber-reinforced polymer

considered key parameters such as FRP
thickness (1, 2, and 3 layers), number of FRP
strips (3, 4, and 5), and FRP strip width (25,
30, and 35 mm). Employing a finite element
model with a plastic-damage approach to
emulate concrete behavior, the study
rigorously validated its accuracy through
numerical

meticulous and experimental

comparisons. Results demonstrated that
wider FRP strip widths increased peak
concrete stress, while thicker FRP strip
thickness enhanced compressive strength
due to reduced spacing between strips,
thereby augmenting confinement stiffness.
The research highlighted the efficacy of the
FRP partial wrapping technique as a cost-
alternative to FRP

effective complete

wrapping.

Furthermore, most researchers use a reliable
three-dimensional (3D) finite element (FE)
approach capable of accurately describing the
response of FRP-confined concrete columns
under concentric (Zeng et al, 2018) and
eccentric loads (Csuka & Kollar, 2011; Lin &
Teng, 2017) to get over the challenges
associated with laboratory experiments. The
authors' group (Yuetal,, 2010) has created an
accurate plastic-damage model for concrete
under a general condition of multiaxial
compression, which is used in the suggested

FE technique.

Most research on the behavior of FRP
confined concrete columns that are now
accessible has focused on circular columns,
whereas only a small number has addressed
rectangular columns due to the dispersion of
compressive pressure. The cross-sectional

aspect ratio, height, corner radius, strength of
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unconfined concrete, longitudinal and

transverse reinforcement  ratio, and
mechanical properties of FRPs are all factors
that affect the compressive strength of
RC

columns. Comprehensive examination of the

confined concrete in non-circular
mentioned parameters through experimental
studies is difficult and costly, as it requires
boundary  conditions and  extensive
experimental setups. In this sense, working
with a finite element model verified by

experimental study is a logical choice.

In this study, advanced FE simulation was
verified by an experimental study produced
to search for the effect of concrete strength,
type of wrapping, and the distance between
stirrups on the CFRP-wrapped rectangular RC
this purpose, 27
reinforced concrete columns (200%200*%1100

mm) were modeled, and analysis was carried

column. For square

out with the proposed non-linear finite
element method. Verification parameters and
the parametric study results are presented in
the next chapters.

FINITE ELEMENT MODELING AND
VERIFICATION
In this part, a finite element model

verification study for axially loaded CFRP-
confined Square RC columns using finite
element analysis software ABAQUS version
6.14 is described. At first, the experimental
study and finite element parameters utilized
to create the finite element model will be
explained. The formulation of the FE model is

addressed in the following sections.

In an experimental study reported by Fouad
et al. (2004), two specimens are chosen.
Descriptive names have been assigned to the
columns, and the groupings of numbers and
that up the
designation are separated by hyphens. Each

letters make specimen
of these descriptive names provides details
on various facets of the column in the
following order (R2, C-F-2-10), which was
selected as the validated model in comparison
to its experimental counterpart. In this
context, R2 is designated as the reference
column (unjacketed), and the designation 'C’
signifies the utilization of carbon FRP sheets,
while 'F' indicates full wrapping, covering the

entire height of the column.

As shown in Figure 1, the dimensions of the
column cross-section were 200 x 200 mm.
The overall height was 1500 mm, and the
clear height was 1100 mm. The corner radius
was chosen to be 20 mm. A reinforced
concrete head of dimensions 200*400 at each
end of the columns was chosen to prevent any
early failure of the column’s head due to
stress concentration. The average concrete
strength (cylinder strength f.') of the used
concrete was 20 MPa. The longitudinal
reinforcement of all the specimens was four
bars of high-grade (36/52) steel, 12 mm in
diameter, with a yield stress of 420 MPa. The
transverse reinforcement was 6 mm in
diameter of normal mild steel (24/35) with a
yield stress of 280 MPa at a vertical spacing of
160 mm. Regular wrapping based on the
traditional membrane technique was applied
to the column (C-F-2-10).
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Figure 1. Column Dimensions, Reinforcement and Strengthening with FRP (Fouad et al., 2004)

Constitutive Models and Material

Properties

In order to simulate the concrete, a unique
concrete element (C3D8R) was used. The x, y,
and z translation degrees of freedom are
available at each of the eight nodes that make
up this solid brick

element. has

three-dimensional
This

(compressive)

element crushing
(tensile)

reinforcement,

and
The

including longitudinal and transverse, was

cracking
capabilities. steel
modeled using deformable truss elements in
the ABAQUS software (T3D2). These truss
elements exclusively carry axial loads during
bending. This element consists of two nodes,
with each node possessing three degrees of
freedom and translations in the x, y, and z
directions. Meanwhile, the FRP wraps were
considered shell elements with a uniform
thickness of 1 mm and included locally
fabricated acrylic plates that are used in
sandwich wrapping. Specifically, 4-node shell
elements (S4R) were employed to accurately
model the FRP material.

Because of the embedded nature of the

reinforcement within the concrete, the

interaction between the concrete section and
the reinforcement is defined by the tie
method. This modeling approach accurately
captures the structural behavior, considering
the reinforcement's integration within the
concrete component. Similarly, the FRP was
tied to the concrete using the ABAQUS tie
constraint. This constraint facilitated the
jacket with the
corresponding node on the outer surface of

coupling of the FRP

the concrete infill. By employing the tie
constraint, the two nodes were constrained to
undergo the same translations, effectively
representing a perfect connection between

the FRP and concrete components.

The properties of concrete material are
characterized by the elastic modulus and
Poisson’s ratio for its elastic behavior, and the
concrete damage plasticity (CDP) model for
its inelastic behavior. The CDP model for
concrete is typically partitioned into three
distinct sections, namely plastic behavior,
tensile behavior, and compressive behavior
(Simer & Aktas, 2015). Moreover, the CDP

model is broadly accepted and utilized for
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accurately simulating the nonlinear behavior

of concrete structures.

Figure 2 shows the compressive and tensile
properties, respectively, used in the current
analysis. Dilation angle, measures the
inclination the plastic potential reaches for
high confining pressure and it is accepted 369
(Nzabonimpa et al., 2017), eccentricity of the
plastic potential surface with a default value
of 0.1, the ratio of to the initial biaxial
compressive yield stress to the initial uniaxial

compressive yield stress with a default value

25
20
g
s 15
e
310
17 concrete behavior
5
0
0 0,001 0,002 0,003
strain
(a)

0,004

of 1.16, the ratio of the second stress invariant
on the tensile meridian to the compressive
meridian at the initial yield with a default
value of 0.667 were used as the basic
parameters required to implement the CDP
model (Abaqus User’s Manual, 2009). The
viscosity parameter is implemented as 0.006
for FE analysis. This parameter is usually
employed at similar values in the literature in
finite element investigations with the aim of
convergence (Demir et al., 2018, Demir et al,,
2016, Demir & Caglar, 2020).

Strss (MPa)
o = N
o wv (=] [0, N (6]

0 0,01 002 003 0,04

Strain

(b)

Figure 2. (a) Inelastic Compressive and (b) Tensile Behaviors of Concrete (EN 1992-1-1)

Longitudinal and transverse reinforcements,
with diameters of 12 mm and 6 mm,
respectively, were accurately simulated using
bilinear isotropic hardening plasticity. This
captured the gradual

approach plastic

deformation and material hardening as the
load was applied, reflecting the steel's
yielding behavior. The detailed mechanical
properties of these reinforcements
outlined in Table 1.

are

Table 1. Material Properties of Steel Reinforcements

Nominal Bar

Yield Strength

Diameter (mm) (Mpa) Yield Strain
12 420 0
8 280 0
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A unidirectional CFRP composite has been
employed to reinforce the specimen. This
CFRP exhibits

behavior until it reaches rupture, after which

composite linear elastic

it is represented as a linear orthotropic

material in the model. The mechanical
properties of the FRP that were used in this

study are shown in Table 2.

Table 2. Material Properties of CFRP

Dry properties of FRP sheets

Gross laminate properties

Tensile  Tensile Ultimate Fiber Tensile  Tensile Elongation  Laminate
strength  modulus Elongation thickness  strength  modulus 4 preak  Thickness
GPa GPa % mm MPa GPa % mm
Carbon 3.97 230 1.70% 0.28 876 72.4 1.20% 1.00
(CFRP)

FEM accuracy is determined by empirical
boundary conditions and exact material
simulations. The two full-scale specimens of
FRP reinforced concrete columns confined
with FRP were simulated, whose base was
fixed in all directions, which means the
bottom was restricted for all degrees of
freedom (DOF), and axial loading was applied
to all nodes on the top surface in the z

direction.

(b)

Figure 3. (a) Mesh Configuration of CFRP (b) Concrete (c) Rebar (d) Boundary conditions

(a)

Mesh sensitivity analysis is performed to find

the optimal mesh, but no noticeable
difference was found when using a smaller
mesh. Therefore, the model with a mesh size
of 25 mm was chosen since it produced an
accurate solution with a reasonably short
analysis time. Figures 3 and 4 illustrate the
mesh size and the boundary condition of the

model.

(c) (d)
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Comparison FE Model Result with FEM results in ABAQUS for the columns (R2,
Experimental Data C-f-2-10) have a very good correlation with

) ) the experimental data (Figures 4 and 5).
The analysis results obtained from the ] o
o Furthermore, the failure mode indicated by
proposed finite element model were . ) .
. ] the column's FEM simulation captured the
compared with the experimental results. The o _ _
) . limited deformation at the top third of the
total load and corresponding axial ) o
) ) column height for column R2, which is
deformation results obtained from the upper _ _ ] _ .
. identical to the spalling zone identified
surface of the columns were examined.

) i experimentally, as shown in Figure 4b.
Figures 5 and 6 represent that the predicted
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Figure 5. (a) Results for the C-F-2-10 Column (b) the Similarity with the Failure Patterns

The results presented in Table 3 show a ABAQUS numerical model predicted a
notable convergence between numerical capacity of 1097 KN for the control column, it
simulations and experimental data. While the was characterized in the experimental
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investigation as 992 KN. Similarly, while the
axial load for the C-F-2-0 column was 2285
KN in the experimental tests, it was obtained
as 2360 KN with the finite element model. The

difference in maximum load for the control

respectively, which is within acceptable
limits. This close approximation to the
experimental results demonstrates the
accuracy of the numerical model in capturing

the experimental behavior.

and strengthened columns is 9.5% and 3.1%,

Table 3. Comparison of the Experimental and FEM Results

-2
P (KN) & 10
Column (EXP) (FEM) Difference ratio (EXP) (FEM) Difference
R2 992 1097 9.57% 0.20 0.205 2.43%
C-F-2-10 2285 2360 3.17% 1.03 1.037 0.67%
PARAMETRIC STUDY numerical models were created, and three

_ . sets of models with differing grades of
The parametric study is conducted to -
) ] ) concrete were created. In addition, each set
examine the impact of various parameters
has three groups of columns (Table 4). All of
that have not been addressed by ] _ _
. ) o L the models were examined against a static
experimental investigation, utilizing _ o
) i o load applied to the top surface until failure,
calibrated models. Parametric analysis is a ] ] )
) ) ) i and geometric nonlinearity has also been
key tool for design exploration since it allows )
considered. In the sample names, C stands for
you to fully understand how the columns

concrete, S stands for stirrup, and F stands for
FRP material. Some of the different

behave under different conditions. In this

section, the variables investigated are the _ _ _
] ) illustrations of columns were presented in
concrete strength, stirrup spacing, and _
. ) i i Figure 6.
wrapping ratio. To achieve this goal, 27

Table 4. Parametric Study Matrix

Section Section Concrete Stirrups FRP
Model Name  Dimensions Length Strength Distance Length
(mm) (mm) (MPa) (mm) (L=Total column length)
S1-F1 F1=L
S1-F2 100 F2=2/3 L
S1-F3 F3=2/4 L
S2-F1 F1=L
C3 S2-F2 200x200 1100 30 200 F2=2/3 L
S2-F3 F3=2/4 L
S3-F1 F1=L
S3-F2 400 F2=2/3 L
S3-F3 F3=2/4L
S1-F1 F1=L
S1-F2 100 F2=2/3 L
C4 SI-F3 40 F3=2/4L
S2-F1 200 F1=L
S2-F2 200x200 1100 F2=2/3 L
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S2-F3 F3=2/4 L
S3-F1 F1=L
S3-F2 400 F2=2/3 L
S3-F3 F3=2/4L
S1-F1 F1=L
S1-F2 100 F2=2/3 L
S1-F3 F3=2/4L
S2-F1 F1=L
C5 S2-F2 200x200 1100 50 200 F2=2/3 L
S2-F3 F3=2/4L
S3-F1 F1=L
S3-F2 400 F2=2/3 L
S3-F3 F3=2/4L
Q ]» 183.35mm }—137.5mm }—QS/IOOmm
122 2mm | /}4912
183.35mm (N
XAY x‘J‘v
S1-F1 S2-F2 S3-F3 S1
Figure 6. Illustration of Different Samples
ANALYSIS RESULTS For full wrapping models, the columns

The diagrams below depict the behavior of
columns in terms of concrete strength for
various column strengthening schemes, as
well as the acquired capacity as a result of
strengthening. To determine the effect of the
CFRP wrapping method on the column
capacity, F1 represents CFRP full cover, F2
represents 2/3 of the column length, and F3
represents 2/4 of the column length. As can
be seen from Figure 7a, as the concrete
strength and CFRP wrapping area increase,
the axial strength in the column increases
with the additional strength and the confining
effect created by CFRP.

showed a clear increase in axial load capacity.
The enhancement of axial load capacity for
the columns C3-S1-F1, C4-S1-F1 and C5-S1-
F1 was 77.12%, 110% and 142%, while the
increase in axial strain at ultimate load was
45%, 30% and 20%, respectively, compared
to control column C30. The enhancement of
axial load capacity was 25.46%, 48.9% and
71.7% compared to control column C40,
while the increase in axial strain at ultimate
57%, 41.5% 38.7%,

load was and

respectively.

For partial wrapping models, the columns
showed a slight increase in axial load
capacity. The improvement in axial load
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capacity for columns C3-S1-F2, C4-S1-F2, and
C5-S1-F2 compared to control column C30
was 22%, 56%, and 84%, respectively, while
the increase in axial strain at ultimate load
was 2%, 8%, and 8.5%, respectively. When
comparing the numerical results for the
models (C30-S1-F1, C30-S1-F2, and C30-S1-
F3) with the control column C30, it can be
seen that full wrapping increases the column
capacity by 77%, while, 2/3 wrapping length
increases capacity by 22% and wrapping by
2/4 length increases capacity by 18%. It was
also discovered that the percentage of
wrapping has no effect on the improvement of

column axial deformation.

Figure 7b shows the behavior of models with

different stirrup distances for full wrapping.

To

distance on column capacity, these models

investigate the influence of stirrup
were compared to control columns. As seen in
the previous figure, varied amounts of CFRP
wrapping have contributed to the column's
capacity, although there is no substantial
difference in the influence of stirrup distance
on column capacity. Furthermore, similar
findings have been observed for F3 wrapping
models at various concrete strengths (Figure
7c). The behavior of the column in the full and
partially wrapped models hadn’t changed
when changing the distance between stirrups.
It can be explained that the CFRP plays the
role of stirrups in confining the column and
increasing the strength of the column against

axial loads.

3000 - amm— CONTROLC30 3000 - CONTROL C40
s C3-51-F1 == e C3-51F1
25001 e C4-S1-F 1 25001 €3-52-F1
2000 - e C5-51-F 1 2000 - e (3-53-F1
2
é \ C3-S1-F2 g o a» a» C4-51-F1
o .
= 1500 - CasLF2 g 1500 C4-52-F1
S E
3 1000 - = C5S1F2 % 1000 - L
z C3-51-F3 C5-51-F1
500 1 e C4-S1-F3 300 1 C5-52-F1
0+ . : : , GEikE 0 - . . . . C5-53-F1
0 0,1 0,2 0,3 0,4 0 01 0,2 0,3 04
Axial strain % Axial Strain%
a) The Effect of Concrete Strength to b) The Effect of Stirrup Distance to Full

Wrapping Ratio with Minimum Stirrup

Distance

Wrapping
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Figure 7. Comparison of Parametric Study Results

When figure 7d is examined, it is clear that the
axial strength of the column increases
noticeably with the increase in concrete
strength at the maximum wrapping method.
However, no substantial variation in column
strength is detected in F2 and F3-type
confinements for all concrete strengths.
a in
the

Furthermore, significant decrease

column ductility is observed as

confinement area decreases.

Figure 8 shows a summary of the maximum
load the different

strengthening schemes and the increase in

axial for column
capacity gained due to
Columns C5-S1-F1 had the highest value of

axial load capacity in the CFRP wrapped

strengthening.

columns, and their ultimate axial load was
2.23 times the control column C30 and 1.64

times the control column C40. The maximum

strength ratio varies between 1.17 and 2.43
times considering the C30 control column for
CFRP wrapped samples. Considering the C40
control column, it varies between 0.83 and
1.72 times. Minimum column strengths were
in the C3-S3-F3 and C3-S2-F3
samples, respectively.

recorded

Wrapping the RC column with FRP sheets
increased the value of the axial strain of the
column at the ultimate load. From Figure 9, it
is found that column C3-S1-F1 had the highest
value of axial strain, which was 1.45 times the
control column C30 and 1.58 times the
control column C40. However, at all the same
concrete strengths, the axial strain is shown
to be at equal rates for F1 models. It has
become clear that full wrapping has an impact

on behavior.
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Figure 8. The Ultimate load of Columns Compared with Control Columns
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Figure 9. Axial Strain at the Ultimate Load of Columns

CONCLUSIONS

In this work, 27 numerical models of various
configurations were investigated, including
three sets of columns with varied concrete
strengths and each set having different types
of FRP sheet covering area and stirrup
distance for square columns. The presented
numerical model was validated with an
experimental study from the literature. All
the numerical models used for the parametric
study were subjected to axial loads using
nonlinear analysis in ABAQUS until failure.
The results of the analysis were presented as

follows:

1. The suggested FE model validated the

selected experimental studies' load-
strain graphics, and the experimental
studies' failure mode was very well
represented by the FEM.

The percentage of wrapping clearly
played a substantial role in improving
axial load capacity; full wrapped
columns performed significantly
better than strip wrapped columns.
This is due to the increased amount of
confined concrete in the column,
which the

reinforcing bars from buckling.

effectively prevents
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3.

When comparing the numerical
results for the models C40-S1-F1,
C40-S1-F2, and C40-S1-F3 with the
control column C40, it was found that
full wrapping increases the column
capacity by 49%, while 2/3 wrapping
length increases capacity by 10.4%,
and wrapping by 2/4 length increases
capacity by 7.5%. As a result, columns
with a higher wrapping percentage
exhibit and

increased capacity

structural strength.

The increase in concrete strength in
the FRP-retrofitted column increased
the strength of the column, where C5-
S1-F1 had the highest value of axial
load capacity in the CFRP-wrapped
columns, and its ultimate axial load
was 2.23 times the control column
C30.

The difference in column strengths
did not alter appreciably when the
stirrup distance was changed. This is
due to the influence of FRP on
constraining the concrete, which is
similar to the effect of stirrups on

column behavior.

The FRC jacketing improves the
behavior of the column via two major
mechanisms: (a) supporting to carry
the axial force, and (b) supplying core
concrete confinement as resulted in
the similar studies at Gholampour et
al. (2019), Roudsari et al. (2019).

The columns in this paper were tested
under pure compression. Because

most columns in real-life situations

are subjected to both axial load and
bending moment, the behavior of
FRP-strengthened concrete columns
subjected to these effects should be
studied.
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TURKIYE'NIN ULASTIRMA SEKTORUNDE 2030 YILI ENER]Ji TUKETIM TAHMINi!
ENERGY CONSUMPTION FORECAST FOR TURKEY'S TRANSPORTATION SECTOR IN 2030

Nazile YILANKIRKAN?, Ebru YILDIRIM?
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0z: Amag: Tiirkiye’deki niifus ve Gayri Safi Yurt i¢ci Hasila Abstract: Aim: Energy consumption in Turkey is increasing
(GSYH) artismin tiiketimi artirmasi, teknolojik tiriin kullani- due to population and Gross Domestic Product (GDP) growth,
minin yayginlasmasi gibi sebeplerden dolay1 enerji tiiketimi increasing consumption and the widespread use of technolog-
giderek artmaktadir. Enerji ihtiyacinin yarisindan fazlasini it- ical products. In Turkey, which imports more than half of its
hal eden Tirkiye’de enerji ihtiyacinin yerli ve yenilenebilir kay- energy needs, in addition to meeting the energy need from do-
naklardan karsilanmasinin yaninda, Enerjinin yiiksek oranda mestic and renewable resources, energy efficiency studies in
tiiketildigi sektorlerdeki enerji verimliligi ¢alismalarinin 6ne- sectors with high energy consumption are of great importance.
mi biiytiktiir. Enerji tiikketiminin yogun oldugu sektorler ince- When the sectors with high energy consumption are examined,
lendiginde ise ulastirma sektoriniin %25 gibi yiiksek bir orana itis seen that the transportation sector has a high rate of 25%.
sahip oldugu goriilmektedir. Enerji konusunda disa bagimh By estimating how much energy Turkey, which is dependent
Tiirkiye'nin gelecek yillarda hangi sektorde ne kadar enerji ti- on foreign energy, will consume in which sector in the coming
keteceginin tahmin edilmesiyle, yenilenebilir enerji kaynaklari years, it will guide the correct planning of renewable energy
yatirimlarinin ve enerji verimliligi calismalarinin dogru plan- resources investments and energy efficiency studies.

lanmasi agisindan yol gosterecektir.
Method: The amount of energy to be consumed in the trans-

Yontem: Niifus, GSYH ve Motorlu tasit miktarlari ve ulagtirma portation sector until 2030 has been estimated by using the
sektoriinde nihai enerji tiiketimi miktarlar: verileri kullanila- data on population, GDP and motor vehicle amounts and final
rak, Makine 6grenmesi algoritmalarindan; Rastgele orman, energy consumption amounts in the transportation sector,
Destek vektor makinesi ve yapay sinir aglari (YSA) yontemle- using machine learning algorithms; Random forest, Support
riyle ulastirma sektoriinde 2030 yilina kadar tiiketilecek enerji vector machine and artificial neural networks (ANN) methods.

miktar1 tahmin edilmistir.
Results: As a result of the analysis, it was seen that the ANN

Bulgular: Yapilan analizler sonucunda YSA metodunun bu ¢a- method gave the most appropriate result for this study. The
lisma igin en uygun sonucu verdigi goriilmiistir. YSAnin bes average training and test regression values obtained by ANN
capraz gegerlilik icin elde ettigi ortalama egitim ve test reg- for five cross validations were 0.9968 + 0.0019 and 0.9978 +
resyon degerleri sirasiyla 0,9968 + 0,0019 ve 0,9978 + 0,0013 0.0013, respectively. As a result of the estimation, it was cal-
olarak bulunmustur. Yapilan tahmin sonucunda 2030 yilinda culated that 31.391 thousand Tons of Oil Equivalent (TOE) of
ulastirma sektoriinde 31.391 bin Ton Esdegeri petrol (TEP) energy will be consumed in the transportation sector in 2030.

enerji tiikketilecegi hesaplanmistir.
Conclusion: In Turkey, where energy consumption in the

Sonug: Ulastirma sektoriinde enerji tiiketiminin her yil giderek transportation sector is increasing every year and Turkey is
artmakta oldugu, enerji ihtiyacin ithal kaynaklardan karsila- a country that meets its energy needs from imported sources,
yan bir tilke olan Tirkiye’de, ulastirma tiirleri arasinda yogun shifting a significant portion of freight and passenger transpor-
olarak kullanilan karayolu ulagtirmasindaki yiik ve yolcu tagi- tation in road transportation, which is used intensively among
maciliginin 6nemli bir kisminin enerji tiikketiminin daha verim- transportation types, to rail and maritime transportation,
li oldugu demiryolu ve denizyolu tasimaciligina kaydirilmasi where energy consumption is more efficient, will reduce ener-
enerji tiiketimini azaltacaktir. Ayrica her sektorde enerji verim- gy consumption. In addition, energy efficiency studies in every
liligi calismalart tilke ekonomisine katki saglayacaktir. Enerji sector will contribute to the national economy. Reduced energy
tiiketiminin azalmasi da CO2 emisyonunu da diistirecektir. consumption will also reduce CO2 emissions.

Anahtar Kelimeler: Ulastirma, Enerji Tiiketimi, Yapay Sinir Keywords: Transportation, Energy Consumption, Artificial
Aglar, Enerji Verimliligi Neural Networks, Energy Efficiency
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GIRiS
Diinyada hizla artan niifus, ekonomik
biiylimeler, teknolojik gelismeler gibi

sebeplerden dolay1 enerjiye duyulan ihtiyac
glin gectikce artmaktadir. Artan enerji
ihtiyacina karsilik enerji kaynaklar1 hizla
tiilkenmektedir. Bu nedenle yenilenebilir

enerji kaynaklarinin kullanimi, enerjinin
verimli ve tasarruflu kullanilmasi oldukca
onemli bir hal almistir. Sektorel enerji
tiilketimi incelendiginde, sanayi, ulastirma,
konut ve hizmetler gibi sektorlerde enerji

tiiketiminin yiiksek oldugu goriilmektedir.

Ulkelerin enerji tiiketimi ve sera gaz

salilmimlar1 ac¢isindan ulastirma sektori

oldukca oOnemlidir. Ulastirma sektoriinde
enerji tiuketimi genellikle fosil yakit kaynakl
tiiketim

da

tiiketimi ve sera gazi emisyonlarinin artisi bu

oldugundan artis1  sera gazi

salinimlarini artirmaktadir.  Enerji

sektorde ve cevresel

hale

getirmektedir. Ulastirma sektériinde enerji

enerji  verimliligi

surdirilebilirlik konularini 6nemli

tiikketimi yiik ve yolcu tasimaciligl yoluyla
gerceklesmektedir. S6z konusu bu tasimacilik
ise giliniimiize kadar ¢ogunlukla karayolu

tasimaciligi araciligiyla gerceklesmistir.

Tiirkiye’deki ulastirma tiirleri incelendiginde,
Karayolu yiik tasimaciliginda tiiketilen enerji

miktary, demiryolu yik tasimaciliginda

tiiketilen enerji miktarina gore yaklasik 2 kat

fazladir. Demiryolu alt yapisinin

gelistirilmesiyle karayolu ile yapilacak yiik

tasimaciliglt  yerine demiryolu ile yik

tasimaciliginin artirilmasinda fayda olduguy,

2016 yilinda yayinlanan Ulusal Enerji

Verimliligi Eylem Planina gore ifade

edilmistir (T.C. Enerji ve Tabii Kaynaklar
Bakanligi, 2016).

Ebru ve Nazile (2022) tarafindan yapilan

calismada, ulastirma sektoriindeki enerji
tiikketimini genel hatlariyla incelemislerdir.
Calismaya gore Tirkiye’de yolcu ve yilk
%901

karayolu ulastirma tiri ile saglanmakta

tasimaciliginin ~ yaklasik  olarak
oldugu, yuk ve yolcu tasimaciliginin 6nemli
bir

ulastirma tiirlerine kaydirilarak ve ener;ji

kisminin demiryolu ve denizyolu

verimliligi saglanarak azaltilabilecegi

vurgulanmistir.

Ali ve Ali Osman (2010) tarafindan yapilan
calismada demiryolu ulastirmasinin yiik
%70
tasimasinda %40-50 oraninda daha ucuz

tasimaciliginda oraninda, yolcu

oldugunu belirterek, sehirleraras1 yiik ve

yolcu tasimaciliginin demiryollarina
kaydirilmasinin yararl olacagini
belirtmislerdir.

Cansiz vd, (2020) tarafindan yapilan
calismada, Tirkiye’'de karayolu
tasimaciliginda enerji tiikketimini

incelemislerdir. Calisma kapsaminda yapay
sinir aglar1 (YSA) ile ¢ok degiskenli lineer
regresyon yontemleri kullanilarak karayolu
tiiketimi  tahmin
Modellemede

niifus, karayolu yol ag1 uzunlugu, agirhikh

tasimaciliginda  enerji

modellenmesi yapmislardir.

ortalama glinliik trafik, tasit-km, motorlu tasit

sayis1 parametreleri bagimsiz degisken
olarak incelenmektedir. Tahminlerin
karsilastirilmasiyla bir model

gelistirmislerdir. Gelistirilen model ile ulasim
politikalarina verilmesi

hedeflenmektedir.

yon
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Codur (2021) yaptig1 ¢calismada, yapay sinir
aglari kullanarak Tiirkiye'nin ulastirma enerji
talebini tahmin etmek icin modeller
kurmustur. Yapay Sinir ag1 modellerinde, y1,
niifus, gayri safi yurt ici hasila, yakit fiyati,
ton-km  olarak

ara¢g-km, yolcu-km ve

belirlenen degiskenleri kullanmistir.

Parametrelerin farkli kombinasyonlarinin
kullanildig1 modeller arasindan, Niifus, yakit
fiyati ve ton-km verileri ile en iyi modeli
kurmus ve bu modelin en diisiik hata ve en
yuksek belirleme katsayis1 degerlerine sahip

oldugu sonucuna ulagmistir.

Cansiz vd. (2021) tarafindan

calismada, karayollarinda tiiketilen enerji

yapilan

miktarinin tahmini icin modeller

olusturmuslardir. Tahmin  modellerinin
olusturulmasi i¢in cok degiskenli regresyon
yontemlerinden ve yapay sinir aglarindan
Modeller

2004-2018 yillar arasinda kullanim amacina

yararlanilmistir. olusturulurken
gore daha cok 6zel kullanima hizmet eden
motosiklet ve otomobil sayilarinin toplamy,
diger motorlu kara tasitlarinin toplam
sayilar1 ve karayollarinda tiiketilen toplam
akaryakit miktar1 bagimsiz degisken olarak
tiiketilen

kullanilmistir.  Karayollarinda

toplam enerji miktar1 ise bagimli degisken

olarak kullanilmis ve bir veri seti
olusturulmustur. Bu veri setine gore
karayollarindaki enerji tiiketimi tahmin

edilmeye calisilmistir ve tahminlerde basarili

bir sonug elde edilmistir.

Agbulut (2022) c¢alismasinda

sektoriinde enerji tiikketiminin %99 civarinda

ulastirma

fosil yakit kaynakhh oldugunu bu durumun
cevreyi ve insan sagligini olumsuz etkiledigini

belirtmistir. Tlrkiye'de ulastirma sektoériinde

enerji tiketimini ve ulastirma sektori
kaynakli CO; emisyonunu tahmin etmek
amaciyla Derin Ogrenme, Destek Vektor
Makinesi ve Yapay Sinir Aglar1 makine
O0grenmesi  algoritmalarimi  kullanmistir.
Makine 6grenmesi algoritmalari R2 degerleri
0.8639 - 0.9235 arasinda, RMSE degeri ise 5 x
10¢'dan kiglik c¢ikmistir. Daha sonra iki
matematiksel model kullanarak 2050 y1l1 i¢in
ulastirma sektdriinde CO, emisyonu ve enerji
talep miktar1 tahmini yapmistir. iki modelden
birincisinde 2030 yili icin 20.000 bin TEP
ikincisinde ise 36.000 bin TEP enerji talebi

olacagi sonucunu bulmustur.

Sénmez vd. (2017)

calismada, Tirkiye'nin 2034 yilina kadar

tarafindan yapilan

ulastirma sektoriindeki enerji talep tahmini

yapilmistir. Calismada ulastirma

sektorliindeki enerji talep tahmini igin
dogrusal, tistel ve ikinci dereceden formlara
dayali ii¢ farkl1 model énerilmistir. Onerilen
modellerin basarili sonuglar verdigini tespit
ettikten sonra bu ilic modeli de tahmin
iki farkh

yapilmistir. Senaryo 1'de dogrusal ve istel

amaciyla kullanarak senaryo

formlarin tahmin sonuglari sirasiyla 38.000
bin TEP ve 28.000 bin TEP, Senaryo 2’'de ise
dogrusal ve lstel formlarin tahmin sonuglari
sirasiyla 31.000 bin TEP ve 28.000 bin TEP

olarak tahmin edilmistir.

Bu 2002-2021

arasindaki niifus, GSYH, motorlu tasit sayilari

calismada ise, yillari
ve ulastirma sektoriinde nihai enerji tikketimi
verileri kullanilarak 2030 yilinda bu sektérde
ne kadar enerji tiiketilecegi tahmin edilmeye
calisilmistir. Calisma kapsaminda yapay sinir
ag1 (YSA), destek vektér makinesi ve rastgele

orman algoritmalar1 kullanilarak en dogru
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Modele
uygulanan veri setinde bazi yillardaki GSYH

tahmin yapilmaya c¢alisiimistir.
ve enerji tlketimindeki diisiisler tahmin
sonucunda yavas bir artis olarak kendisini
gostermistir. GSYH ve enerji tiiketiminin
diizenli artmasi durumunda 2030 yilinda
ulastirma sektoriinde model sonucunda
tahmin edilen 31.391 bin TEP’den daha fazla
enerji tiketimi olacagi o6ngorilmektedir.
Bulunan bu sonucun literatiirdeki diger
calismalarda bulunan degerlere yakin oldugu

gorilmektedir.

Tirkiye, enerji konusunda biiyiik oranda disa
bagimli bir iilke durumundadir. Enerjinin
etkin, tasarruflu
Bu

calismanin ulastirma sektoriinde kisitli olan

dogru, verimli  ve

kullanilmas1  olduk¢a  6nemlidir.
enerji talep tahmin calismalarina literatiir

acisindan destek olmasi1 amaglanmistir.

ULASTIRMA SEKTORUNDE ENER]Ji
TUKETIMI

Ulastirma hem Tirkiye’de hem de diinyanin
bir¢ok yerinde enerji tiiketimi agisindan en
on sirada gelen sektorler arasinda olmasi
nedeniyle, ulastirma sektdriinde enerji
verimliligi konusuna dikkat etmek, sektorii
bu konuda bilinglendirmek ve teknolojik
desteklemek

gelismelerle kaginilmaz

olmustur.

Enerji ve Tabii Kaynaklar Bakanlig1 verilerine
gore Tiirkiye’de 2021 yilinda toplam nihai
enerji tiiketimi 123.859 bin TEP olmustur. Bu

enerji tliiketimi sektorel bazli incelendiginde

sanayi sektorii 41.614 bin TEP ile ilk sirada
30.564 bin TEP enerji
tiilketimiyle ulastirma sektorii ikinci sirada
gelmektedir. Konutlarda 26.148 bin TEP,
ticaret ve hizmetlerde 11.973 bin TEP, tarim
ve hayvancilikta 5.129 bin TEP enerji

yer almaktadir.

tiiketimi olmustur. 7.717 bin TEP ise enerji
dis1 tiikketimdir (T.C. Enerji ve Tabii Kaynaklar
Bakanligi, 2021).

Ulastirma sektoriinde harcanan 30.564 bin
TEP enerji
28.809 bin TEP yani %94’ karayolu
954 bin TEP %3’

ulastirmasinda  kullanilmistir.

incelendiginde; bu enerjinin

ulastirmasinda, ile
havayolu
Denizyolu ulastirmasinda 368 bin TEP ile
yaklasik %1, demiryolu ulastirmasinda 217
bin TEP ile %1 ve boru hatlarinda 216 bin
TEP %1
gerceklestirilmistir (T.C. Enerji ve Tabii
Kaynaklar Bakanligi, 2021).

ile enerji tiiketimi

Ticaret hacminin hizla artmasi, niifus artisi ve
turizm sektoriiniin biiyiimesi gibi bircok
nedenlerden dolay1 Tiirkiye’de son yillarda
agi

devam

karayollari gelistirilmeye ve
Hizh

kentlesme, imalat sanayiinin gelismesi ve

genisletilmeye etmektedir.
bireysel arac¢ sahipligi istegi gibi nedenler
motorlu kara tasit sayisi da giin gectikce
artirmaktadir.

Sekil 1'de verilen pasta grafikte 2021 yili
toplam motorlu kara tasit sayilarinin yiizdelik

dagilimi gorilmektedir.
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Sekil 1. 2021 Yilina Ait Motorlu Kara Tagitlarinin Yiizdelik Dagilimi (Tiirkiye Istatistik Kurumu,

2021)

2021 yilinda 25.022.960 olan motorlu kara
tasit sayisinin %54’iiniin otomobil, %16’sinin
%38’inin

traktor, %4’liniin kamyon, %2’sinin minibiis

kamyonet, %15’inin motosiklet,
ve %71’inin otobiis oldugu goriilmektedir.
Buradan da anlasilacagi {lizere bireysel
kullanima uygun olan otomobillerin miktar1
cok yiiksek iken toplu tasima araci olan

otobiis ve minibiislerin orami ¢ok diistiktiir.

Bu durum ise enerji tiiketimini ve
Karbondioksit (CO;) emisyon miktarini
artirmaktadir.

Tablo 1’de Tiirkiye karayollarinda yillara
gore yapilan seyir ve tasimalar kilometre
(km) cinsinden verilmistir. Cizelgede 2019
yilina kadar diizenli bir artis gézlemlenirken

2020 yilinda Covid-19 salgininin
baslamasiyla birlikte tasit-km ve yolcu-km
verilerinde bir diisiis yasandigi

goriilmektedir. Tablo 1'de verilen seyir ve
tasimalarin yillara gore diizenli artis1 Sekil
2’deki siitun grafikte daha net goriilmektedir
(Karayollar1 Genel Mudiirligi, 2020).

Tablo 1. Tiirkiye Karayollarinda Yapilan Tasimalar (milyon)

vil Toplam Toplam Toplam

tasit-km ton-km yolcu-km
2010 80.124 190.365 226.913
2011 85.495 203.072 242.265
2012 93.989 216.123 258.874
2013 99.431 224.048 268.178
2014 102.988 234.492 276.073
2015 113.274 244.329 290.734
2016 119.671 253.139 300.852
2017 127.997 262.739 314.734
2018 131.625 266.502 329.363
2019 135.485 267.579 339.601
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Sekil 2. Tiirkiye Karayollarinda Yapilan Seyir ve Tasimalar

Ulastirma sektoriinde ¢ogunlukla karayolu

ulastirmasinin  kullanilmas1  atmosferdeki
karbondioksit miktari artirmaktadir.
Karbondioksit, fosil yakitlarin yanmas;i,
endiistriyel stiregler, enerji  Uretimi,

tasimacilik ve ormansizlasma gibi insan
etkinliklerinin bir sonucu olarak ortaya cikar.
Bu durum, sera etkisinin gliclenmesine ve
kiiresel 1sinma olarak bilinen iklim Kkrizi

sorununa yol acmaktadir.

Ulastirma sektdriinde c¢ogunlukla fosil
yakitlar  tiiketildiginden bu sektérden
kaynakli CO; emisyonu da yiiksek

gerceklesmektedir. Tiirkiye’de 2000 yilinda
ulasimdan kaynakli CO, miktar1 35 metrik ton
(Mt)’dur. 2019 yilina gelindiginde ise bu
miktar 84 Mt'a ulasmistir. 2020 yilinda ise 79
Mt olmustur. Bu diisiisiin sebebi Covid-19

pandemisi nedeniyle ulasim sektoriindeki
yavaslamadan kaynaklanmaktadir (Data and
Statistic, 2023). CO; emisyonu miktarinin
azaltilmas1 acisindan ulastirma sektoriinde
agirlikli olarak fosil yakit kullanilan karayolu
diistirilmesi

ulastlrmasmm oraninin

denizyolu ve demiryolu ulastirmasinin

oraninin artirilmasi olduk¢a 6nemlidir.
MATERYAL VE YONTEM

Bu
sektoriinde yaklasik %94 oraninda enerji

boliimde, Turkiye'de ulastirma

tiiketilen karayolu ulastirmasinda, ener;ji
tiiketimini etkileyen faktorler incelenmistir.
Literatiir arastirmasina gore niifus artisinin,
GSYH’daki artis ya da azalmalarin ve motorlu
kara tasit sayisindaki artisin enerji tiiketimini
dogrudan etkiledigi goriilmiistiir. Bu sebeple,
bu calisma kapsaminda niifus, GSYH ve
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motorlu kara tasit sayisi verilerinden yola
cikilarak ulastirma sektoriinde gelecege

yonelik enerji tiikketim tahmini yapilmistir.
VERI SETI

Turkiye’de 2002-2021 yillar1 arasindaki
niifus, GSYH, karayolu motorlu tasit sayisi ve
ulastirma sektoriinde tiiketilen enerji miktari
verileri  kullanilarak  gelecege yonelik
ulastirma sektoriinde enerji tiikketimi tahmini
yapilmistir. Nifus, GSYH, karayolu motorlu
tasit sayis1 ve ulastirma sektoriinde nihai
enerji tiiketimi verilerinin hepsinin birden
ulasilabildigi en 6nceki yil 2002, en son y1l ise

2021 y1li oldugu i¢in ¢alismada kullanilan veri

setinde 2002-2021 yillar1 arasindaki veriler
bulunmaktadir. Tablo 2’de enerji tiiketim

tahmini icin kullanilan veriler sunulmustur.

Tablo 2’de goriilen veriler, makine 6grenmesi
teknikleri olan, Rastgele Orman (RF: Random
Destek Vektéor Makinesi (SVM:
Support Vector Machine) ve Yapay Sinir Ag1

Forest),

algoritmalar1 kullanilarak incelenmistir ve en
iyi enerji tiiketim tahmin metodu bulunmaya
calisilmistir. ML  modellerinin  girdileri
sirasiyla Tablo 2’de verilen, niifus, GSYH,
karayolu motorlu tasit sayisi verileri olup,

ciktisi ise nihai enerji tiiketimi verisidir.

Tablo 2. Deney Verileri (Word Economic Outlook Database, 2023; Tiirkiye [statistik Kurumu,
2023a; T.C. Enerji ve Tabii Kaynaklar Bakanligi, 2021)

GSYH (milyon

Motorlu Kara

Nihai Enerji

YIL Niifus (Bin) ABD dolar) Tasit Sayisi Tiiketimi (bin TEP)
2002 66.402 240.191 8.655.170 11.404
2003 67.187 314.752 8.903.843 12.394
2004 68.010 409.127 10.236.357 13.775
2005 68.861 506.186 11.145.826 13.849
2006 69.730 555.126 12.227.393 14.980
2007 70.586 680.489 13.022.945 17.264
2008 71.517 770.820 13.765.395 15.981
2009 72.561 648.797 14.316.700 15.886
2010 73.723 776.558 15.095.603 16.314
2011 74.724 838.508 16.089.528 18.455
2012 75.627 880.141 17.033.413 19.485
2013 76.668 957.504 17.939.447 20.734
2014 77.696 938.512 18.828.721 21.940
2015 78.741 864.071 19.994.472 24.936
2016 79.815 869.280 21.090.424 26.812
2017 80.811 858.932 22.218.945 28.429
2018 82.004 779.694 22.865.921 28.441
2019 83.155 760.516 23.156.975 27.687
2020 83.614 719.919 24.144.857 26971
2021 84.680 806.804 25.249.119 30.562
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Makine
Yontemi

Ogrenmesi Tabanhh Tahmin

Makine Ogrenmesi, giris verileri ile ¢ikis
verileri arasinda dogrusal bir formdil ile ifade
edilemeyen problemleri ¢6zebilmek icin
gelistirilmis glincel hesaplama sistemleridir.

Makine 6grenmesi sonucunda elde edilen

literatiirde genel olarak denetimli ve
denetimsiz pek ¢ok makine 6grenmesi
Bu

asagida ayrintilar verilen RF, SVM ve Yapay

yontemi  bulunmaktadir. calismada,
Sinir Ag1 modelleri simiflandirma ve tahmin

etmedeki basarilarindan dolay1
kullanilmistir. Sekil 3’de ¢alismada o6nerilen
makine O6grenmesine dayali enerji tahmin

yontemi goriilmektedir.

Makine Ogrenmesi
Modelleri

bilgiler ve modellerin basarim orani,
tamamen giris verilerine baghdir ve
Nufus
GSYH

\ 4

Karayolu Motorlu
Tasitlar Sayisi

-
LN ] -

<0h

o o0 2% 99 00 o0 @

Enerji
Tiiketimi

[
>

RF

Sekil 3. Makine Ogrenmesine Dayali Enerji Tahmin Yéntemi

Sekil 3'de goriildigi gibi, makine 6grenmesi
GSYH ve
karayolu motorlu tasit sayis1 ve giktisi ise

tekniklerinin girdileri niifus,

ulastirmada enerji tiiketim  miktaridir.
Makine 6grenmesi tekniklerinin egitimi ve
testi icin, veri setinin %70’i egitim, %30’u ise
test ve dogrulama (validation) igin
kullanilmistir. Tiim deneyler 5 kat capraz
gecerlilik temelli gerceklestirilmistir ve
bunun sonucunda 5 egitim ve 5 test verisi
liretilmis ve sonuclarin ortalamasi alinarak

yontemlerin performansi ortaya konmustur.

Rastgele Orman

Karar agaclarinin birlesmesinden meydana
gelen RF algoritmasinda kullanilan karar
agaclar1 arasinda bagimsizligi ve dogrulugu
en yiiksek agaclar tercih edilmektedir. Her bir
agac
dallanmaktadir (Breiman, 2001). RF yontemi,

veri setindeki o6zelliklere gore
veri kiimesinin cesitli alt 6rneklerine bir dizi
karar agaci siniflandirmasina uyan ve tahmin
dogrulugunu iyilestirmek ve asir1 uyumu
kontrol etmek icin ortalamayi kullanan bir

meta tamircidir. Alt 6rnek boyutu her zaman
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orijinal giris orneklem boyutuyla aynidir
(Veranyurt vd. 2020).

Destek Vektér Makinesi

SVM genellikle siniflandirma islemlerinde

tercih edilen bir makine 6grenme yontemi

olup denetimli bir 0O6grenme saglar.
Algoritmanin c¢alismasi sirasinda verilerin
tiriine bagh olarak farkli  ¢ekirdek

fonksiyonlar1 kullanilmaktadir ve bdylece
hem dogrusal hem de dogrusal olmayan
siniflandirma islemlerini
gerceklestirebilmektedir. SVM, metin veya
gorinti siniflandirma, biyoinformatik,
protein caprazlama, el yazisi tanima, yiiz
algilama, cevre bilimleri ve tahmine dayali
kontrol gibi farkli pek cok alanda yiliksek
performans sonuglari elde etmektedir (Sedat

ve Kiyas, 2020).
Yapay Sinir Agt

Yapay sinir aglari, Dbiyolojik  sinir
sistemlerinden yola c¢ikilarak olusturulan
matematiksel modellemelerdir. Yapay sinir
aglari, verileri analiz etmek, karmasik
problemleri ¢6zmek ve desenleri tanimak gibi
cesitli gorevleri yerine getirmede kullanilan
bir makine 6grenmesi yontemidir. Yapay sinir
aglary, bircok yapay sinir hiicresi veya
norondan olusur. Her bir néron, girdi

verilerini alir, bu verileri isler ve sonuclari

diger noronlara ileterek bilgiyi isler. Bu islem,
sinir aginin "6grenme" denilen silirecinde

gerceklesir.

Yapay sinir aglari, egitim ve test olarak iki
temel asamadan olusur. Egitim asamasinda,
sinir ag1, onceden etiketlenmis bir veri
kiimesiyle beslenir ve agirliklarim1 ve esik
degerlerini ayarlamak i¢in bu veri kiimesini
kullanarak problemi 6grenir. Bu siirecte, sinir
ag1
verilerini isleyerek hata hesaplar ve bu hatay1

dogru sonuglar1 iiretmek icin giris

en aza indirmek i¢in agirliklar1 ayarlar.

Egitim tamamlandiktan sonra, yapay sinir ag1
test asamasina gecer. Test asamasinda, sinir
ag1daha 6nce gormedigi verilerle ¢alisir ve bu
verilere dayanarak sonuglar iretir. Agin
basarisi, test verileri lizerinde elde edilen
dogruluk ve hata oranlarina dayanarak

degerlendirilir.

Yapay sinir aginda temelde 3 katman bulunur,
bunlar giris, ara(gizli) ve ¢ikis katmanlaridir.
Giris ve ¢ikis katmalari arasinda bulunan gizli
katmanlar giristeki verileri kullanarak
modelin 6grenmesini saglamaktadir. Ag ve
elde

kullanilarak tahminler veya

cikis  katmaninda edilen degerler
siiflamalar
yapilir. Ornek yapay sinir ag1 modeli Sekil

4’de verilmektedir.
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Sekil 4. Yapay Sinir Ag1 Modeli (Tarim ve Orman Bakanligi, 2023)

Bu calismada kullanilan YSA'nin egitiminde,
agin serbest parametreleri olan agirlik ve
sapma degerlerinin giincellenmesi icin
Levenberg-Marquardt ileri beslemeli geri
(Feed-Forward BackProp)

optimizasyon teknigi (Karakis, 2009)., gizli ve

yayilimli

cikti katmanlarinda aktivasyon fonksiyonu

logsig
egitiminde,

olarak tansig ve fonksiyonlari

secilmistir.  Verilerin gizli
katmanda en yiiksek performans sonucunu
RF

modeli i¢cin 100 agag, SVM modeli icin ise

ireten 10 néron sayist kullanilmistir.
Gaussian ¢ekirdegi kullanilarak analizler

gerceklestirilmistir
BULGULAR

Bu calismada kullanilan veri setindeki niifus,
GSYH, motorlu kara tasit sayisi ve ulastirma
sektoriinde enerji tiiketimi miktarlar1 2002-
2021
icermektedir. Ulastirma sektdriinde 2022-

yillar arasindaki degerleri

2030 yillan
tiiketileceginin tahmin edilmesi amaciyla ilk

arasinda ne kadar enerji

olarak  bagimsiz  degisken  verilerini
belirlemek gerekmektedir. ilk énce TUIK'in
niifus senaryolarindan 2022-2030 yillar
arasindaki niifus tahmin verileri alinmis ve
daha sonra bu verilerden yola ¢ikilarak basit
regresyon denklemiyle GSYH ve motorlu kara
tasit1 sayisi hesaplanmistir. Denklemde y
bagimli degiskeni, x bagimsiz degiskeni, B,
kesme terimi, $; egim katsayisi ve € hata

terimini ifade etmektedir.

y=Bo+B1x+€ (1]

Bu denklemde verilen x degeri bagimsiz
degisken olan niifus degerini ifade ederken, y
degeri ise GSYH ve motorlu kara tasit1 sayisi
bagimsiz degiskenlerini ifade etmektedir.
Regresyon denklemi yardimiyla hesaplanan

degerler Tablo 3’te verilmistir.
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Tablo 3. Regresyon Analizi Sonuglar (Tiirkiye Istatistik Kurumu, 2023b)

GSYH (milyon ABD

Motorlu Kara

v Nifus (Bin) dolari) Tasit Sayis1
2022 85.286 961.849 25.730.981
2023 86.154 983.856 26.507.732
2024 87.003 1.005.377 27.267.358
2025 87.832 1.026.397 28.009.297
2026 88.641 1.046.896 28.732.855
2027 89.428 1.066.854 29.437.295
2028 90.193 1.086.250 30.121.930
2029 90.935 1.105.067 30.786.114
2030 91.654 1.123.291 31.429.347

Tablo 3'te gorildiigi gibi basit regresyon
analizi ile hesaplanan GSYH ve motorlu kara
tasit sayilarinda yillara gore niifus artisina
olarak  diizenli  bir

bagiml artis

gorilmektedir.

Tablo 2’'deki veri seti, Yapay Sinir Agi, RF ve
SVM algoritmalarinda egitim, dogrulama ve
test etmek amaciyla, Tablo 3’deki veriler ise

tahmin amaciyla kullanilmistir.

Tablo 4’te makine 6grenmesi tekniklerinin
egitim ve test verileri lizerinde 5 kez capraz
gecerlilik ile elde ettikleri ortalama analiz
sonuclar1 goriilmektedir. YSA, RF ve SVM
yontemlerinin test verisi icin hesapladigi R
degerleri sirasiyla 0,9978+0,0013,
0,9788+0,0075 ve 0,9653+0,0167 olarak
hesaplanmistir. En yliksek R ve en diisiik
MSE, MAE, RMSE degerleri YSA modeli ile
elde edilirken, en kotii degerler ise RF

modeli ile elde edilmistir.

Tablo 4. Makine Ogrenmesi Algoritmalarinin Analiz Sonuclari

Metrikler YSA YSA SVM SVM RF RF
Standart Standart Standart
Ortalama Ortalama Ortalama
Sapma Sapma Sapma
Egitim_MSE 0,0000000007 0,0000000003 0,0000889479 0,0000280190 0,0001006381 0,0000085893
Egitim_MAE 0,0000214963 0,0000047946 0,0000000085 0,0000000054 0,0000000102 0,0000000018
Egitim_RMS
E 0,0000257271 0,0000057233 0,0000688479 0,0000147682 0,0000817031 0,0000052216
EbitimR 0,996821033 0,011238404 0,952257659 0,023198631
itim

& 4 0,0018702033 0,9718220792 3 0 8

Test_MSE 0,0000000023 0,0000000011 0,0001055248 0,0000642388 0,0001300268 0,0000230902
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Test_ MAE 0,0000401316 0,0000119538 0,0000000144 0,0000000171 0,0000000173 0,0000000059
Test RMSE  0,0000466449 0,0000118022 0,0000885142 0,0000609870 0,0001121595 0,0000171285
TestR 0,997801287 0,007510063 0,965315190 0,016706159
es
4 0,0012635339 0,9788342563 8 9 4

Tablo 5'te ise Tablo 3’'de verilen regresyon
2022-2030

yillarindaki niifus, GSYH ve motorlu kara

analizi  ile  hesaplanan

tasit1 sayis1 girdileri kullanilarak makine

kullanilan ii¢ algoritmanin enerji tiiketim
tahminleri verilmistir. Buna gére RF modeli
sabit bir tahmin degeri liretirken, YSA ve

SVM modellerin beklenildigi gibi artan

O6grenmesi tekniklerinin hesapladigi egilimde sonuclar trettigi goriilmektedir.
Tablo 5. Makine Ogrenmesi Algoritmalarinin Tahmin Sonuglari
. . GSYH (Milyon = Motorlu Kara YSA SVM
Vi Niifus (Bin) ABD Dolar) Tasit Sayis1 Sonuglar Sonuglar RF Sonuglar
2022 85286 961849 25730981 30740 29052 26719
2023 86154 983856 26507732 30951 29597 26719
2024 87003 1005377 27267358 31096 30078 26719
2025 87832 1026397 28009297 31195 30496 26719
2026 88641 1046896 28732855 31263 30854 26719
2027 89428 1066854 29437295 31311 31155 26719
2028 90193 1086250 30121930 31346 31401 26719
2029 90935 1105067 30786114 31371 31597 26719
2030 91654 1123291 31429347 31391 31747 26719
Sekil 5’de sirasiyla RF, SVM ve YSA goriilmektedir. R degerleri i¢ model icinde

algoritmalarinin 5 kez c¢apraz gecerlilik

analizleri sonrasinda elde ettikleri en iyi

modellerin test regresyon

egrileri

maksimum deger olan 1’e yakin olmakla
birlikte YSA'nin hesapladigi R degeri en
yuksektir.
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Sekil 5. Makine Ogrenmesi Yontemlerinin Test Regresyon Egrileri, (a) RF, (b) SVM, (c) YSA

Sekil 6'da,

sektoriinde

YSA modelinin ulastirma
2022-2030 yillarinda

tiilketim miktarinin tahmin ettigi degerlerin

enerji

grafigi verilmistir. Buna gore, YSA modelinin

tahmin ettigi ciktilar dogrusal bir artis
gostermektedir. Sekil 6 incelendiginde enerji
tilketiminin beklenildigi gibi giderek artacagi

YSA tarafindan da 6ngoriilmektedir.
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Sekil 6. Ulastirma Sektoriinde Nihai Enerji Tiiketim Tahmini (2022-2030)

SONUC

Bu calismada Tiurkiye'nin sektorel enerji
tiilketimi icerisinde 6nemli yere sahip olan
ulastirma sektoriindeki enerji tiiketimi
incelenmistir. Oncelikle ulastirma tiirleri
arasinda hangi tiir ne oranda enerji tiiketiyor
bu arastirilmis daha sonra %94 oraninda
enerji  tiiketimi  gerceklesen Kkarayolu
ulasiminda enerji tiiketimi ele alinmistir.
Karayolu ulastirmasinda yolcu, yiik ve tasit
ulasimi siireglerindeki yillara gore artis ile
motorlu kara tasit oranlari sayisal verilerle
ortaya konulmustur. Motorlu kara tasit
sayisindaki ve karayolu ulastirmasindaki
enerji tiiketimi yillara gore artisin1 dogrudan
etkileyen niifus artis1 ve GSYH verileri yine

yillara gore bulunmustur.

Bu kapsamda, 2002 ile 2021 yillar1 arasinda
Tiirkiye’deki ntifus, GSYH, motorlu kara
tasitlar1 sayist ve ulastirma sektoriindeki

nihai enerji tiiketimi verilerinden bir veri seti

olusturulmustur. Bu veri seti olusturulan YSA,
destek vektor makinesi ve rastgele orman

algoritmalarina 6gretilmistir.

(TUIK)'nun

gore

Tiirkiye Istatistik Kurumu

yayinladigi  senaryolara niifus
raporundan 2022-2030 yillar1 arasindaki
diisik nifus senaryosu alinarak basit
regresyon analizi ile yine bu yillardaki GSYH
ve motorlu kara tasit sayilar1 bulunarak bu
tahmin  verisi  olarak

veriler ayni

algoritmalarda kullanilmistir.

Destek vektor makinesi algoritmasinda, MSE
degeri 8*10-5, RMSE degeri 6*10-5, R degeri
0,97 olarak bulunmustur. Bu modelde 2030
yilinda ulastirmada enerji tliiketimi miktar:
31.747 bin tep olarak tahmin edilmistir.
Rastgele orman algoritmasinda ise MSE
degeri 1*10-4, RMSE degeri 8*10-5, R degeri
0,95 olarak bulunmus, 2030 yil1 ulastirmada
enerji tiikketim miktar1 ise 26.719 bin tep
olarak tahmin edilmistir. YSA modelinde, MSE
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degeri 7*10-19, RMSE degeri 257*107, R
degeri 0,99 olarak bulunmustur. YSA ile 2030
yiinda ulastirmada 31.391 bin tep enerji

tiiketilecegi tahmin edilmistir.

Yapilan tiim bu analizler incelendiginde
rastgele orman modelinin saglikli ve mantikli
bir sonu¢ vermedigi gorilmistir. YSA ve
destek vektor makinesi algoritmalarinda
yapilan tahminlerin mantikl sonuglar verdigi
tespit edilmistir. Fakat bu iki analizde ¢ikan
MSE, RMSE ve R degerleri incelendigi zaman

iyi
nedenle

YSA analizinin en sonuclari
Bu YSA

sonucunda elde edilen tahmin degerlerinin en

verdigi

gorilmistur. analizi

dogru tahmin olacagi belirlenmistir.

2030

sektorindeki

kadar

enerji

yilina olan  ulastirma

tiiketimi tahminleri
incelendiginde diizenli ve dogrusal bir artis
oldugu anlasilmistir. YSA tahmininde 2030
yli enerji tiiketimi 31.391 bin TEP olarak
tahmin edilmekle birlikte GSYH ‘da diizenli
artis olmasi durumunda ise bu tiiketimin

daha ytiksek ¢ikabilecegi 6ngoriilmektedir.

Tirkiye'nin ulastirma sektoriinde ihtiyac
duydugu enerji miktarinin olduke¢a yiliksek
oldugu gorilmektedir. Tirkiye icin bu
miktarin agirlikli olarak karayolu ulastirmasi
ile karsilanmasinin stirdiirtlebilir olmadigi
goriilmektedir. Bu nedenle, yiikk ve yolcu
tasimaciliginin 6nemli bir kisminin demiryolu
ve denizyolu ulastirma tiirlerine kaydirilmasi

kritik 6neme sahiptir.
ONERILER

Karayolu tasimacilign Tiirkiye'de en yaygin

ulastirma sekli olmasina ragmen, enerji
verimliligi acisindan dezavantajlara sahip

olan bir tasimacilik tlridiir. Verimsiz arag

kullanimi, trafik yogunlugu ve gittikce artan
bireysel ara¢ sahipligi gibi faktorler, ener;ji
tiiketimini ve ¢evresel etkileri artirmaktadir.
Bu nedenle, karayolu tasimaciliginda enerji

verimliligini artirmaya yonelik politikalar ve

teknolojik yeniliklerin uygulanmasi
onemlidir.

Demiryolu tasimacilifl, enerji verimliligi
acisindan  6nemli avantajlara  sahiptir.

Elektrifikasyon, modernizasyon ve hizli tren

projeleri  gibi  yatirimlar,  demiryolu
tasimaciliginin enerji verimliligini artirmis ve
cevresel etkilerini azaltmistir. Tiirkiye'nin
demiryolu aginin daha da genisletilmesi ve
modernizasyon c¢alismalarina devam etmesi

onemlidir.

Denizyolu tasimacilifinin, tek seferde biiytik
miktarlarda yiik tasima kapasitesine sahip
olmasi nedeniyle enerji tiiketimine Kkatki
saglayan avantajlari vardir. Tiirkiye'nin sahip
oldugu genis kiy1 seridi ve stratejik konumu,
potansiyelini

denizyolu  tasimacihiginin

artirmaktadir. Liman altyapisinin

gelistirilmesi, bu alanda yapilan yatirimlarin
desteklenmesi stirdiiriilebilir

ve gemi

teknolojilerinin ~ kullanilmasi,  denizyolu

tasimaciliginin enerji verimliligini artirabilir.

Havayolu tasimaciligi, diger ulastirma
tiirlerine gore hizli olmasi sebebiyle uzun
mesafeli seyahatlerde tercih edilen bir ulasim
seklidir. Ancak, havayolu tasimacilig1 yiiksek
ener;ji tiiketimi ve karbon emisyonlarina yol
Bu nedenle,

acmaktadir. havayolu

tasimaciliginda enerji verimliligi
iyilestirmeleri ve alternatif yakit kullanimi
gibi siirdiriilebilirlik 6nlemlerinin alinmasi

onemlidir.
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Tlim ulastirma tirlerinin birbiri ile entegre
calismas1 saglanmalidir. Ozellikle denizyolu
liman bolgeleri ile demiryolu alt yapisinin
uyumlu kurulmasi ile iki ulastirma tiirtiniin

avantajindan yararlanilmalidir.

Alternatif yakit tirleri de giderek

Ozellikle  hibrit
elektrikli araglar son yillarda daha popiiler

yayginlasmaktadir. ve
hale gelmektedir. Daha az cevresel etkiye
sahip olmakla birlikte hem diisiik emisyonlu
olmalar1 hem de yakit maliyetlerinin diisiik
olmasi tercih edilme sebeplerindendir.
Karbondioksit emisyonlarinin azaltilmasi,
iklim degisikligiyle micadele etmek ve
stirdiiriilebilir bir gelecek saglamak ic¢in

biiyiik 6nem tasimaktadir.

BILGILENDIRME:  Bu Ebru
YILDIRIM'1n “Tiirkiye’de Ulastirma Tiirlerinin

Enerji Verimliligi Acisindan Kiyaslanmasi“
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EXTENDED ABSTRACT

Introduction: The need for energy is

increasing rapidly worldwide due to
population growth, technological
developments, increased production and

consumption. With the increase in the need

for energy, an increase in energy
consumption is also observed and existing
energy resources are rapidly depleting. The
of

in the world

fossil
the

shortening lifespan existing

resources increases
importance of both renewable energy sources
and energy efficiency studies. The same is
true for Turkey. Since Turkey is a country that
imports more than half of its energy needs, it
has gained critical importance to energy
efficiency studies as well as the necessity of
turning to renewable energy sources. When
sectoral energy consumption in Turkey is
analyzed, final energy consumption as of
2021 was 123.859 thousand TOE. Of this
consumption, 41.614 thousand TOE was in
industry, 30.564 TOE
transportation, 26.148 thousand TOE in
housing, 11.973 thousand TOE in trade and

services, 5.129 thousand TOE in agriculture

thousand in

and animal husbandry and 7.717 thousand
TOE in non-energy consumption. Looking at
the data, the share of the transportation
sector in total consumption is approximately
25% (National Energy Balance Tables, 2021).
Aim: Within the scope of this study, energy
consumption in the transportation sector,
which is one of the energy-intensive sectors
in Turkey, is discussed. Energy consumption
rates and the increase in final energy
consumption over the years in different
such as

transportation types highway,

railway, maritime and airline are examined
and then future energy consumption in the
transportation sector is estimated. By
calculating how much energy Turkey will
consume in the transportation sector until
2030, itis aimed to emphasize the importance
of transition from road transportation, which
is used 94% in freight and passenger
transportation, to railway and maritime
transportation types, which are currently
used less and are advantageous in terms of
energy efficiency. Method: Within the scope
of the study, Turkey's population, gross
domestic product, number of motor vehicles
and final energy consumption data for the
years 2002-2021 were used for training,
validation and testing in Artificial Neural
Network (ANN), Random Forest (RF) and
Support Vector Machine (SVM) algorithms
The

forecast data for the years 2022-2030 were

from machine learning algorithms.

obtained by regression analysis using
population data from the Turkish Statistical
Institute Population scenarios and GDP and
number of motor vehicles for the same years.
These data were then used in the same
algorithms for forecasting purposes. Results:
Among the machine learning algorithms used
in the study, the MSE value was 8*10-5, RMSE
value was 6*10-5and R value was 0,97 in the
Support vector machine algorithm. In this
model, the amount of energy consumption in
transportation in 2030 was estimated as
31.747 thousand toe. In the random forest
algorithm, MSE value was 1*10-4, RMSE value
was 8*10-5, R value was 0,95, and the amount
of energy consumption in transportation in
2030 was estimated as 26.719 thousand toe.

In ANN model, MSE value was found as 7*10-
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10, RMSE value as 257*10-7, and R value as
0,99. With ANN, it was estimated that 31.391
thousand toe energy will be consumed in
transportation in 2030. When all these
analyzes were examined, it was seen that the
random forest model gave a constant result
and was not successful in prediction. The
predictions made by ANN and support vector
machine algorithms were found to give
reasonable results. However, when the MSE,
RMSE and R values of these two analyses are
analyzed, it is seen that ANN analysis gives
the best results. Therefore, it was determined
that the prediction values obtained as a result
of ANN analysis would be the most accurate
prediction. As a result of the analysis, it was
seen that the ANN method gave the most
appropriate result for this study. The average
training and test regression values obtained
by ANN for five cross validities were 0.9968 +
0.0019 and 0.9978 + 0.0013, respectively. As
a result of the prediction, it was calculated
that 31.391 thousand TOE energy will be
2030.

Looking at the estimation

consumed in transportation in
Conclusion:
results, it is understood that there is a regular
and linear increase in energy consumption in
the transportation sector until 2030. In the
ANN estimation, energy consumption in 2030
is estimated as 31.391 thousand TOE, but it is
predicted that this consumption may be
higher in case of a regular increase in GDP.
The amount of energy Turkey needs in the
transportation sector is quite high. For
Turkey, it is not sustainable to meet this
amount mainly by road transportation.
Therefore, it is critical to shift a significant
of

transportation

portion freight and  passenger

to rail and maritime

transportation modes. The predominant use
of road transportation in the transportation

sector also has negative environmental

impacts. Due to the predominant
consumption of fossil fuels in road
transportation, CO; emissions increase,

which in turn feeds the climate crisis.
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DUSUK REYNOLDS SAYILARINDA BiR ISI CUKURUNUN ISIL PERFORMANSININ
SAYISAL OLARAK INCELENMESIt

NUMERICAL INVESTIGATION ON THERMAL PERFORMANCE OF A HEAT SINK AT LOW
REYNOLDS NUMBERS

Ozgiin KOSDERE?, Ozge ALTUN?, Zerrin SERT?
123Fskisehir Osmangazi Universitesi, Miihendislik-Mimarlik Fakiiltesi, Eskisehir / Tirkiye
ORCID: 0000-0002-7266-3685%, 0000-0003-0958-333X2, 0000-0001-6934-54433

0z: Amag: Elektronik ekipmanlarin daha hizh ve verimli sogu-
tulmasi olduk¢a 6nemlidir. Clinkii bu ekipmanlarin verimleri
ve glicleri ¢calisma sicakligina baghdir. Yiikksek sicakliklarda ca-
lisma, performans diisiikliigiine ve sistem arizalarina sebep ol-
maktadir. Bu sistemlerin sogutulmasi aktif ve pasif 1s1 transfer
yontemi ile gergeklestirilmektedir. Aktif yontemler harici bir
gli¢ gerektiren yontemlerken, pasif yontemler de ise harici gilice
ihtiya¢ duyulmamaktadir. Verimli aktif sogutma sistemleri ta-
sarlanirken, minimum fan giicii ve minimum sogutucu boyutu
icin 1s1 transferini maksimuma ¢ikaracak sekilde akis ve kanat
geometri parametreleri arasinda bir iliski kurmak gerekir. Hiz-
I1 ve verimli sogutma istenildigi durumlarda bu ekipmanlarin
sogutulmasinda kullanilan 1s1 ¢ukurlarinda aktif yéntem olan
zorlanmis tasinimla sogutmanin yaygin oldugu goriilmektedir.
Dairesel, kare, dikdortgen gibi farkl kanat geometrilerinde 1s1
transferi ayrintili olarak ¢alisilan bir konudur. Son yillarda, iire-
tim kolaylig1 ve maliyetlerinin diisiikliigu, ytksek verimlilikleri
nedeniyle dikdortgen kesitli kanatgiklar en ¢ok tercih edilen
kanat profilleri olmustur.

Yontem: Bu calismada zorlanmis tasinim sartlari ve diisiik
Reynolds sayilarinda dikdortgen kesitli kanatlarin 1sil per-
formanslari incelenmistir. Analizler i¢in sonlu hacim metodu
(FVM) kullanilarak ¢6zen Ansys - Fluent 2023 R1 ticari paket
programi kullanilmistir. Analizleri Diisiik Reynolds sayilarinin
bir¢ok endiistriyel uygulamanin tipik bir 6zelligi oldugu go-
rilmiistii, bu nedenle diisiik Reynolds sayilarinda ¢alisiimasi
hedeflenmistir. Calismada Reynolds sayist 500 ve 3000 arali-
ginda degistirilmistir. Hidrolik ve 1s1l olarak tam gelismis akis
sartlari icin analizler yapilmistir. Coziimde k-kl-w tlrbiilans
modeli kullanilmistir. Bu model, sinir tabakasinin laminerden
tlirbiillansh bir rejime gecisini etkili bir sekilde analiz edilebil-
digi icin tercih edilmistir. Bu kapsamda kanat uzunluklari sa-
bit tutularak kanat 1s1 transfer yiizey alani sabit olacak sekilde
kanat sayisi ve kanat yiiksekligi degistirilerek farkli Reynolds
sayilarinda analizler yapilmistir.

Bulgular: Is1 transferinde meydana gelecek degisimleri ince-
lemek i¢in ortalama Nusselt sayis1 hesaplanmis ve es sicaklik
egrileri ¢izdirilmistir. Bunlara ek olarak kanat performansini
nicellestirebilmek adina her bir durum i¢in kanat direnci de
hesaplanmistir. Yapilan analizler sonucunda Reynolds sayisi
arttikca ortama Nusselt sayis1 artmistir

Sonug: Analizler sonucunda kanat boslugu/kanat kalinlig1 ora-
ninin yani sira kanat yiiksekliginin degisimi de Nusselt sayisini
etkileyen 6nemli bir parametre oldugu gorilmistir.

Anahtar Kelimeler: 1s1 Cukuru, Zorlanmis Tasinim, Is1 Trans-
feri, Sayisal Analiz

1 Sorumlu Yazar / Corresponding Author: Ozge ALTUN, Eskisehir Osmangazi Universitesi, Miihendislik-Mimarlik

Abstract: Aim: Faster and more efficient cooling of electronic
equipment is very important. Because the efficiency and pow-
er of these equipment depend on the operating temperature.
Operating at high temperatures causes poor performance and
system failures. The cooling of these systems is carried out by
active and passive heat transfer methods. While active methods
require external power, passive methods do not require exter-
nal power. When designing efficient active cooling systems, it
is necessary to establish a relationship between flow and fin
geometry parameters to maximize heat transfer for minimum
fan power and minimum heat sink size. In cases where fast and
efficient cooling is desired, it is seen that forced convection
cooling, which is the active method, is common in heat sinks
used to cool these equipment. Heat transfer in different fin ge-
ometries such as circular, square, and rectangular is a subject
that has been studied in detail. In recent years, rectangular air-
foils have become the most preferred airfoils due to their ease
of production, low cost and high efficiency.

Method: In this study, the thermal performances of rectangu-
lar-section fins were examined under forced convection condi-
tions and low Reynolds numbers. Ansys - Fluent 2023 R1 com-
mercial package program was used for analysis, which solves
the problem using the finite volume method (FVM). Their
analysis showed that low Reynolds numbers are a typical fea-
ture of many industrial applications, so it was aimed to work at
low Reynolds numbers. In the study, the Reynolds number was
changed between 500 and 3000. Analyzes were made for hy-
draulically and thermally fully developed flow conditions. The
k-kl-w turbulence model was used in the solution. This model
was preferred because it can effectively analyze the transition
of the boundary layer from a laminar to a turbulent regime. In
this context, analyzes were carried out at different Reynolds
numbers by changing the number of wings and wing height
so that the wing heat transfer surface area was kept constant
while the wing lengths were kept constant.

Results: In order to examine the changes that occur in heat
transfer, the mean Nusselt number was calculated, and iso-
therms were drawn. In addition, fin resistance was also calcu-
lated for each case in order to quantify fin efficiency. As a result
of the analysis, as the Reynolds number increased, the Nusselt
number increased.

Conclusion: TAs a result of the analysis, it was seen that the
change in fin height as well as the fin gap/fin thickness ratio is
an important parameter affecting the Nusselt number.

Keywords: Heat Sink, Forced Convection, Heat Transfer, Nu-
merical Analysis
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GIRiS VE KURAMSAL CEVRE

Isinin uzaklastirilmasi hem dogada hem de
bircok miihendislik uygulamasinda biiytlik
O6neme sahiptir. Siirekli artan 1s1 akisinin hizl
ve etkili bir sekilde uzaklastirilmasi, 1s1
alaninda ¢alisan mihendisler igin kritik bir
konudur. Ozellikle mikro elektrik endiistrisi
ilerledikce 1s1 akisinin uzaklastirilmasi hayati
Elektronik

sistemlerin verimli bir sekilde sogutulmasi

oneme  sahip  olmaktadir.
hem daha gii¢cli ve daha hizli elektronik
sistemlerin tasarimina hem de bu cihazlarin
boyutlarinin kiiciiltiilmesine olanak
saglamaktadir. Mikro elektronik sistemlerin
gelismesi  ve  boyutlarinin  kii¢iilmesi
konusundaki gelismeler, bu cihazlardaki 1s1
akisinin en fazla 100 W/cm? olmasinin bir
sonucudur (Sadique & Samsher, 2022; Bar-
Cohen & Wang, 2012). Havacilik ve uzay
sektoriinde yer alan ekipmanlarda bulunan
elektronik cihazlarin daha da kiigtltiilmesi
yaklasik 1000 W/cm?2 gibi bir 1s1 uzaklastirma
gerekliligini ortaya koymaktadir (Sadique &
Samsher, 2022). Ayrica Pedram ve Nazarian
(Pedram & Nazarian, 2006) tiim elektronik
devre arizalarinin yaridan fazlasinin 1sil

sorunlardan kaynaklandigini agiklamislardir.

Elektronik ekipmanlarin sogutulmasinda 1s1
cukurlari ve sogutma yontemi olarak da dogal
tasinim (Shafeie vd., 2013; Ahmed & Ahmed,
2015; Peles vd., 2005) veya zorlanmis taginim
(Mokheimer, 2002; Elshafei, 2010; Huang vd.,,

2014) metotlari yaygin olarak
kullanilmaktadir. Boylece 1s1  transfer
katsayis1 artirilarak, transfer edilen 1s1

miktar1 maksimize edilmektedir. Is1 transferi,
kanat etrafinda olusan 1sil smir tabaka
meydana

boyunca gelmektedir

(Bergman vd., 2015).
modiillerinde,
aktarimi siklikla kullanilmaktadir (Ahmed

vd., 2018). Is1 ¢ukuru tasariminda sogutma

Ist  gukuru

zorlanmis  tasinimla  1s1

yontemi olarak dogal ve zorlanmis tasinim
arasinda se¢im, sogutma performansindan,
cihaz boyutundan, cihazin
sicaklik

maliyetten 6nemli o6lciide etkilenmektedir.

giivenli

calisabilecegi araligindan  ve
Elektronik cihazlarin sogutulmasinda yaygin

olarak kullanilan 1s1 g¢ukuru, havanin
dikdortgen diiz kanatlar arasindan paralel
aktigi durumdur. Bunlara ek olarak 1s1
cukurlari, endiistriyel 1s1 degistiriciler (Kwon
vd., 2018; Zhang vd., 2018), biyomiihendislik
ve kizilotesi dedektorler gibi cesitli alanlarda

yaygin olarak kullanilmaktadirlar.

Etkin bir zorlanmis tasinim ile sogutma yapan
151 cukuru tasarlayabilmek i¢cin minimum 1s1
cukuru boyutu ve fan giicti icin akis sartlar1 ve
kanat geometrisi arasinda optimum bir iliski
gerekmektedir. vd.
(Teertstra vd., 2000) akisin dikdortgen kesitli

kanatlara paralel aktigi laminer zorlanmis

kurmak Teertstra

tasinimi deneysel olarak c¢alismislar ve
analitik bir model 6nermislerdir. Bejan ve
Sciubba (Bejan & Sciubba, 1992) paralel dizili
devre kartinin sogutulmasi problemini ele
almislardir. Laminer zorlanmis tasinim igin
yaptiklar1 ¢alismada maksimum 1s1 transferi
icin  analitik  ¢oéziimler  lretmislerdir.
Moradikazerouni vd. (Moradikazerouni vd.,
2019) dikdortgen diiz kanatlar ile farkh
sekildeki kanat yapilarinda zorlanmis tasinim
calismislardir. ince ve Bayer (ince & Bayer,
2019) gecis rejimindeki akista kare, silindir
ve plaka kanatgikl 1s1 kuyularinin 1s1 tranferi
etkilerini olarak

lizerine sayisal
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arastirmiglardir. Sayisal analizleri sonucunda

Reynolds sayis1 ve boyutsuz geometrik
parametreler goz oOniine alinarak Nusselt
sayisl i¢in yeni bir korelasyon tiiretmislerdir.
Soodphakdee vd. (Soodphakdee vd. 2001)
calismalarinda, yatay bir ylizey lizerindeki
plaka, yuvarlak, eliptik ve kare kanath
geometrilerdeki 1s1 transfer performansini
sayisal olarak calismiglardir. Kanat dizilimine
paralel, tam gelismis laminer zorlanmig
Ele

aldiklar1 kanatcik geometrilerinde 1s1 transfer

tasinim problemini ele almislardir.

performansint  ve basing diigimlerini
incelemislerdir. Analizleri basitlestirmek i¢in
iki boyutlu yapilan ¢alismada hava hizi 0.5-5
m/s arasinda degismektedir. Analizler
sonucunda 1s1 transfer performansi agisindan
yuvarlatilmis ve kademeli geometrilerin,
keskin ve dilizgiin kenarli geometrilerden
daha iyi oldugunu gozlemlemislerdir.
Ghadhban ve Jaffal (Ghadhban & Jaffal, 2023)
cok kanalli 1s1 ¢ukuru i¢in yeni tasarimlarinin
hidro-termal performansini arastirmak igin
u¢
gerceklestirilmislerdir.

boyutlu sayisal simiilasyonlar

Calismada, kanal
giris/cikis sartlar1 ayni ti¢ farkl kanal yapisi
ele almislar ve kanal yapilarinin akis dagilimi
tizerindeki etkisini incelemislerdir.
Calismada, sogutucu akiskan olarak kiitle akis
0.002-0.005 Kkg/s

secilmistir ve analiz tek fazli laminer akis

hizi araligindaki su

kosullari altinda gerceklestirilmistir.

Sonuclar, yeni degistirilmis kanallarin,
geleneksel diiz kanallarla karsilastirildiginda
1s1  transferini  artirabildigini  ortaya
cikarmistir. Toprak vd. (2022) ¢alismalarinda
1 mm c¢apindaki silindirlerden olusan 3-
boyutlu yeni bir mini kanalli sogutucuyu

deneysel ve sayisal olarak incelenmistir.

Calismalarinda ti¢ kanal seklini (daire, kare ve
ticgen + kare) kiyaslamislardir. Deneysel ve
463,38 1443,7

arasindaki Reynolds sayilar1 icin Nusselt

sayisal sonuglarda, ile
sayisi ve basing¢ diisiisleri elde etmislerdir.
Calismalarinin sonucunda kare tasarimlarin,
akiskanin herhangi bir engel olmaksizin
istenilen yonde akisina izin verdigi, bu
yluzden de kare tasarimin, termal etkinlik
faktoriine gore en iyi genel performansa
sahip  oldugu

sonucuna varmislardir.

Toghraie ve ark. (Toghraie vd., 2018) zig-zag
yaplya
incelemisler ve dikdortgen kesitli kanatlar ile

sahip kanatlarda 1s1 transferini
kiyaslamiglardir. Calisma sonucunda zig-zag
yaplya sahip kanatlarda 1s1 transferinin daha
iyi oldugunu tespit etmislerdir. Ledezman ve
Bejan (Ledezman & Bejan, 1996) egimli
dikdortgen gecisini

incelemislerdir. Dogal ve zorlanmis tasinim

kanatgiklar 11

icin deneysel ve sayisal olarak yapilan
calismada kanat egimlerinin akisa dogru
olmasinin 1s1 transferini iyilestirdigini tespit

etmislerdir.

Ayrica 1s1 cukurlarindaki sogutma akiskani
olarak 1s1 iletim katsayilar1 daha yiliksek
nanoakiskanlar kullanilarak yapilan
calismalar da mecuttur (Saeed ve Kim, 2018).
Kim (2020),

kullanan iki farkli geometriye sahip mini

Awais ve nanoakiskanlar

kanalli 1s1  c¢ukurlarinin  termohidrolik
performansi iizerine deneysel ve sayisal bir
Ma wvd. (2023)

calismalarinda, 100 W/cm? sabit 1s1 akisi

aragtirma  yapmistir.
altinda dikdortgen, trapezoidal ve omega
sekilli mikrokanalli 1s1 cukurlarindaki Ag, SiO-
ve Al;03 nanoakiskanlarinin termal-hidrolik

ozelliklerini sayisal simiilasyonlar yoluyla
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arastirmiglardir.

Yukarida yer alan ¢alismalarin tiimiinde akis

kanatlara paralel olarak akmaktadir. Is1
cukurlarinda akis yoniiniin 1s1 transferine
da

mevcuttur. Bu amacla dikdértgen kanatlara

etkilerinin  arastirildigi  calismalar
sahip 1s1 ¢ukurlarinda hem paralel hem de
carpan akis i¢in 1s1 transferini artirabilmek
yapilmis
bulunmaktadir. Biber (Biber, 1997) farkh

uzunluklara sahip dikdortgen kanath 1s1

icin Oneriler ve c¢alismalar

cukurunda ¢arpan akis icin 1s1 transferi ve
basing¢ diistimiinii sayisal olarak ¢alismis ve
korelasyonlar gelistirmistir. Hussain vd.
(Hussain vd., 2019) akis yoniiniin ve kanat
dip profilinin 1si1l performansa etkilerini

incelemislerdir.
AMAC

Bu c¢alismanin amaci, dikdortgen Kkesitli
kanatlara sahip bir 1s1 gukurunda farkl kanat
parametrelerinin 1s1l performansa etkilerinin
sayisal olarak incelenmesidir. Literatiirde
kanat yapilarinin 1s1 transferine etkilerinin
incelendigi farkli calismalar bulunmaktadir.
Ornegin; Inci ve Bayer (2019) calismalarinda
kare, silindir ve plaka kanatgikli 1s1
cukurlarinin 1s1 transferi artisina yonelik
geometrik iyilestirilmeleri ge¢is rejiminde
sayisal olarak incelenmistir. Sayisal modeli
dogrulamak

icin TUretilebilir kanatciklar

kullanilarak deneysel calismalar
gerceklestirmislerdir. Ortalama 1s1 transfer
katsayisini belirlemek tlizere, hem belirli bir
Reynolds sayis1 hem de akis yonii ile akisa dik
dogrultudaki boyutsuz geometrik
parametrelerin araligl dikkate alinarak 1s1
transferi korelasyonlari tiiretmislerdir. Sonug

olarak; taban plakasi en yiiksek sicakliginin,

silindir kanatgikli 1s1 ¢ukurunda digerlerine
gore yaklasik %4.5 oraninda daha diisiik
ciktif1 gozlemlenmislerdir. Buna ek olarak;
Sarper vd. (2023) tam ve parcali silindirik
kanatcik konfigiirasyonlarinin bir minikanalli
1s1 ¢ukurunun termohidrolik performansina
etkileri sayisal olarak incelemislerdir.
Calismalarinda, 0.00265 kg/s ile 0.0045 kg/s
araliginda dort farkli debi ve ii¢ farkl
kanatcik konumu icin sayisal c¢alismalar
ANSYS  Fluent

gerceklestirilmistir.

kullanilarak
Farklh

konfiglirasyonlarin hiz ve sicaklik alanlarina,

yazilimi

ortalama Nusselt sayisina, Nusselt sayisi

oranina, siirtinme katsayisina ve 1sl

cukurunun performans Kkatsayisina olan
etkileri degerlendirmislerdir. Ancak yaygin
olarak kullanilmakta olan dikdoértgen kesitli
kanatlarda diisiik Reynolds sayis1 ve farkl
kanat geometri  parametrelerine  ait
calismalarin sinirli oldugu goézlemlenmistir.
Bu calisma ile dikddrtgen kanat profillerinde
kanat aciklifl, kanat yiiksekligi ve kanat
kalinlig1 i¢in analizlerin gergeklestirilmesi

amaglanmaktadir.

Ayrica farkli akis sartlarinda (Reynolds

sayisinin degisimi) kanat  geometri

(viiksekligi, genisligi, kalinligi, acgiklig)
degisiminin 1s1 transferi lizerine etkilerini

ortalama Nusselt sayis1 ile incelenmistir.

Literatiirde yer alan calismalarda tek kanat

geometrisi icin (kanat sayisi, kalinhg,
sabit
deneysel ve sayisal calismalarin yapildig
gozlemlenmistir (Adhikari vd., 2020; Sun vd.,
2020; Chen vd., 2017). Bunun baslica sebebi

deneysel calismalarin zaman ve maliyet

yuksekligi, uzunlugunun oldugu)

acisindan dezavantajli olmasidir. Onerilen
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calismada sayisal analizler ile daha genis incelenmistir. Sekil 1’de analizde ele alinacak
araliktaki geometrik parametreler i¢in veriler kanat profilinin geometrisi ve sinir sartlari
elde edilecektir. Boylece literatiirde olan bu verilmistir. Kanat yliksekligi H, kanat kalinlig
acikliga katki saglanmis olunabilecektir. t ve kanat uzunlugu L olarak ele alinacak

sistemde, kanatlar hidrodinamik uzunlugun
KAPSAM

gerceklestigi kanal ortasina yerlegstirilmistir.
Bir kanal igerisine yerlestirilmis akisa paralel

dikdoértgen kanatlarin 1s1l  performansi

(a)

Akiskan
Girigi

L) bl 100,00 fmen) v

ne ne

(b)

Sekill. Tasarim Geometrisi ve Sinir Sartlari a) Is1 Cukuru, b) Kanal Geometrisi

Problemde degisken olarak secilecek tasarim yuksekligi (H) ve kanat kalinlig1 (t) degerleri
parametreleri Tablo 1'de o6zetlenmistir. degistirilerek ii¢ farkli geometri i¢in analizler
Calismada kanatlar arasi bosluk (g), kanat yapimistir.
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Tablo 1. Tasarim Parametreleri

Kanat Say1si Kanat Kanat Kanat Kanat
Durum () Aciklig uzunlugu yuksekligi kalinhigi
(g, mm) (L, mm) (H, mm) (t, mm)
1 6 6 68 19.0 2
2 6 4 68 17.0 6
3 6 8 68 16.8 4

Tasarim geometrilerindeki kanat agikligy,
genisligi, uzunlugu ve kalinlhigy, her bir durum
icin 1s1 transfer alanlar1 esit olacak sekilde
secilmistir. Tablo 1'deki her durumda kanat
ylzey alanlarinin toplami yaklasik 0.0188

m2'dir.

Sistemde akiskan olarak hava (Pr=0.7)
secilmistir. Akiskanin kanal giris hiz1 u,
sicakligt T, iken kanatlarin bulundugu
bolgenin lizerinden sabit 1s1 akisinda sisteme
gecisi Akis
karakteristiklerinin icin
500<Re<3000 araliginda

151 gerceklesmektedir.
incelenmesi
Reynolds sayisi

alinmistir.

Modelleme stirekli rejim icin yapilmistir. Is1
transferinde meydana gelecek degisimleri
incelemek icin ortalama Nusselt sayisi
hesaplanmistir. Ayrica akis alani ve 1s1
gecisini es sicaklik

dagilimlar ¢izdirilmistir.

gozlemlemek igin

YONTEM

Aldag ve Eker (Aldag & Eker, 2018)
miithendislik alaninda yapilan ¢alismalara ait
matematiksel denklemlerin ¢6éziimlerinin zor
ve karmasik oldugunu, bu problemlerin
¢ozlimlerinde ¢esitli sonlu eleman yazilimlari
yardimiyla modellenerek ¢oziime daha kisa
stirede

ulasildigini calismalarinda

raporlamislardir. Bu ¢alismada da sayisal
analizler Ansys - Fluent 2023 R1 ticari paket
programinda yapilmistir. Yonetici
denklemler SMH (Sonlu Hacimler Metodu)
kullanilarak ayriklastirilmistir ve elde edilen
denklemler, SIMPLE algoritmasi1 ve Second
Order Upwind ¢oziicii kullanilarak iteratif

metotla ¢coziilmiistiir.

Bu calismada yapilan sayisal analizlerin
dogrulanmasinda literatiirde yer alan
Adhikari vd. (Adhikari vd., 2020)
calismasinda yer alan deneysel sonuglar
kullanilmistir. Dogrulama analizlerinde kanal
icerisinden tiirbtlansh akista hidrodinamik

giris uzunlugu;

Loy =100,

(1)

h.tirbiilans

formiilii ile elde edilmistir (Cengel, 2012).

Nusselt sayisi ise Denklem 2 araciligiyla

hesaplanmistir (Cengel, 2012).

N _hD 2)
u= T

Tablo 2 incelendiginde model ve ¢6zim
metotlarinin deneysel ¢alisma ile uyumlu

oldugu goriilmiis ve analizler bu dogrultuda

yapilmistir. Tirbilansh akis ¢oziimlerinde,
Adhikari  vd. (Adhikari vd., 2020)
makalesinde  kullanildign  gibi  k-kl-w
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tiirblilans modeli kullanilmis ve problem olusturulurken  polyhedral ag yapisi
¢oziml icin gerekli olan grid yapisi uygulanmistir.
Tablo 2. Dogrulama Calismasi
Maksimum Sicaklik (K)
Hava Hiz1 Adhikari 0
(m/s) Bu Calisma (2020) Hata (%)
4 303.64 304.11 0.1545
6 301.74 302.53 0.2611
Q=7.06 W 8 300.59 301.29 0.2323
10 299.6 299.52 0.0267
4 313.02 313.87 0.2708
6 309.4 309.34 0.0194
Q=134 W 8 307.19 307.52 0.1073
10 305.35 305.83 0.1569
Agdan bagimsizlik c¢alismast Tablo 3’te sonuglarina gére 7791822 diigim noktasi
verilmistir.  Analizlerden elde edilen sayisindan sonra maksimum  sicaklik
maksimum sicaklik degerleri degerleri diiglim noktasi sayisindan ¢ok fazla

karsilastirilmistir. Farkli diigiim sayilarina

etkilenmemistir. Bu yilizden optimum ag

gore yapilan agdan bagimsizlik yapisi olarak 9781524 diigiim sayisina sahip
calismalarindan elde edilen analiz ag yapisi tercih edilmistir.
Tablo 3. Agdan Bagimsizlik
Digim Hiicre Yizey Maksimum

Mesh No Sayisi Sayisi Sayisi Sicaklik (K)

Mesh 1 656655 178902 947414 311.5300

Mesh 2 1635954 421441 2310924 310.9750

Mesh 3 3484295 852590 4826691  310.4700

Mesh 4 4666492 1116921 6409398  310.1408

Mesh 5 6354608 1491976 8660024  309.8800

Mesh 6 7791822 1815174 10595766 309.7837

Mesh 7 9781524 2252909 13236492 309.6500

Mesh 8 11263597 2524818 15107412 309.7200
BULGULAR kalinhig1 ve kanat yiiksekliginin 1s1 transferi

Bu ¢alismada kanat geometrisinin 1s1 transfer
Boylelikle

geometri yapisindaki kanat araligi, kanat

ylizey alanlar1 esittir. kanat

uzerine etkileri incelenebilecektir.

Sekil 1’de kanat sayisi ayni olan ii¢ durum icin

Reynolds sayist ve g/t oram ile iliskisinin
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Nusselt sayisi1 ve Kanat direnci (Rth) degeri
lizerine etkisi incelenmistir. Bu {i¢ durumda

kanat sayis1 aynidir.

20
16 <
= 12—
] n=6
—o— p/t=0.67, Casc 2
. —4&— p/t=2, Case 3
—+— g/t=3, Case |
4 T l ) I L) I L] I T
500 1000 1500 2000 2500 3000
Re
(a)

n=6
—o— o/t=0.67, Case 2
—a— g/t=2, Case 3
—+— g/t=3, Case |

>

500

L] I L] I T I T I L]
1000 1500 2000 2500
Re

(b)

3000

Sekil 2. Reynolds Sayisinin a) Nusselt Sayisi ve b) Rth Degeri Uzerine Etkisi

Bilindigi tlizere Re sayisi arttikca ortama
Nusselt sayisi artis gostermektedir (Altag ve
Altun, 2014; Sert vd. 2023). Literatiirde
Reynolds sayisi ile Nusselt sayis1 arasindaki
iliskiyi vurgulabilmek icin korelasyonlar
tiiretilmistir (Sert vd., 2023; Adhikari vd,,
2020). Tiretilen koerelasyonlarda Reynolds
sayisi ve Nusselt sayisi arasinda dogrusal bir
iliski oldugu goriilmektedir. Bu ¢alismada da
Re sayisi arttikca Nu sayisi dogrusal olarak
artis gostermistir. Durum 1, Re 3000’deki
ortalama Nu sayisi Re 500 durumuna gore 2.5
kat daha fazladir. Benzer sekilde Durum 1, Re
3000’ deki kanat direnci Re 500 durumuna
gore 2.5 kat azalmistir. Sekil 2 de g/t orani
arttikca ortalama Nu sayisinin bu artisa bagh
olarak azalmasi beklenirken Durum 3 igin
ortalama Nu sayisi en yiiksek degeri almistir.

Bu durumun nedeni 1s1 transfer ylzey

olabilmesi kanat
de

kaynaklanmaktadir (Tablo 1). Durum 2 ve

alanlarinin  esit icin

yliksekliginin degismesinden
Durum 3’liin kanat ylikseklikleri hemen

hemen ayni iken Durum 1'de kanat
ylksekliginin biiyiik olmasi bu duruma sebep

olmaktadir.

farkl

sicaklik dagilimlar1 Sekil 3’te verilmistir.

Durum1’in Reynolds sayilarinda
Soguk olan hava sicak kanat aralarindan gecip
1sinmis, kanal cikisina dogru yonlenmistir.
Re=500’de kanal ¢ikisi daha sicak iken, artan
Reynolds sayisi ile kanal ¢ikisinda sicakligin
daha diisiik oldugu gézlenmistir. Re=3000’de
kanat aralarinda sicaklik gradyani artmistir.
Boylelikle

cekildigi tespit edilmistir.

kanatlardan yeterince 1sinin
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contour-1
Static Temperature
33481

33063

32645
32227
318.09

31390
30972
| | 30554
30136
297.18
293.00

tour-1
g:og‘gemperamre Re=1500
317.18

31476

31235
309.93
30751

305.09
30267
|1 30025
207.84
29542
293.00

contour-1
Static Temperature
3105

Re=3000

3087
307.0
3052
3035
3017
300.0

Sekil 3. Durum 1 igin Farkhi Reynolds Sayilarinin Sicaklik Dagilmi Uzerine Etkisi

Durum 1 (Case 1)’deki siirtiinme faktoriiniin
Reynolds sayis1 ile degisimi Sekil 4’te
verilmistir. Sirtinme faktord, bir borudaki

akiskanin siirtiinme kaynakli yik ve basing

0.00018

kaybiyla alakali boyutsuz bir buyiikliiktiir.
Siirtiinme faktori, akiskanin hizinin karesi ile
ters orantidir. Sekil 4'te de Reynolds sayisi

arttikea stirtlinme faktori azalmistir.

0.00016

5 0.00014

0.00012 —

0.0001 —

8E-005 —

i, f

0

Stirtiinme fakt

—&— (Case 1

6E-005 ——
500 1000

— 1 r 1 T |
2000 2500 3000
Re

Sekil 4. Durum 1’in Reynolds Say1 Degisiminin Siirtiinme Faktorii Uzerine Etkisi

Re=500’tin siirtinme faktori, Re=3000’in

siurtiinme faktoriinden 2.4 kat daha fazladir.

Ozellikle siirtinme faktérii pompalama

giiclinlin hesaplanmasinda ve dogru sistem
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tasarimi yapilmasinda olduke¢a énemli oldugu

icin bu calismada da hesaplanmistir.
SONUC

sicaklik

dagilimini belirlemek icin dikdértgen kanath

Bu c¢alismada hava igerisindeki
1s1 cukurunun, akisa paralel yerlestirildigi
durumda, 1s1 transferi tizerindeki etkileri
incelenmistir. Kanat yapilarinda g/t oraninin
kiiciik olmasi ortalama Nu sayisini artirdigi
gorulmiistir. Ancak g/t oranin yani sira kanat
yliksekliginin de 6nemli bir parametre oldugu
tespit edilmistir. Diisiik Reynolds sayilarinda
kanatlar arasinda olusan 1sil tabakalarin
birbirleriyle cakismalari sonucunda yeterince
Bu

kanat

1sinin  ¢ekilemedigi tespit edilmistir.

dogrultuda  dikdortgen  kesitli

geometrileri icin daha fazla durumlar ele
alinarak  analizler

cesitlendirilmeli  ve

tartisilmalidir.

Yazar Notu: Bu ¢alisma Eskisehir Osmangazi
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EXTENDED ABSTRACT

Introduction: Removing heat from the
system is very important in many engineering
applications. Fast and effective removal of
ever-increasing heat flux is a critical issue for
thermal design engineers working in the field
of heat transfer. Especially as the micro
electric industry advances, the removal of
heat flux becomes vital. Efficient cooling of
electronic systems allows both the design of
stronger and faster electronic systems and
the reduction of the size of these devices. In
this study, the effects of different fin
parameters on thermal performance in the
heat sink with rectangular cross-section fins
used in electronic equipment were
numerically examined. There are different
studies in the literature examining the effects
of fin structures on heat transfer. Teertstra et
al. (Teertstra et al, 2000) experimentally
studied laminar forced convection in which
the flow is parallel to rectangular-section fins
and proposed an analytical model. In their
studies, the Reynolds number varied between
0.1 and 100. They used the FLOTHERM
program for numerical analysis.
Moradikazerouni et al. (Moradikazerouni et
al, 2019) studied forced convection in
rectangular plate fins and fin structures of
different shapes. They investigated 3D air
flow on the performance of microchannel
heat sinks, where the channels can have five
different configurations (circular, hexagonal,
rectangular, triangular, and straight slot). The

design variables were air inlet temperature

(10°, 15°, 20° 25° and 30°), and air
volumetric flow rate. The study also
evaluated the thermal conductivity of

different fabrication materials from which a
heat sink can be made, including aluminum,
alumina (92%), cobalt, silver, stainless steel,
and copper. As a result of their studies, the
effects of airflow rate (Reynolds number) and
inlet temperature on Nusselt number and
pressure drop are presented. Soodphakdee et
al. (Soodphakdee et al, 2001) studied
numerically the heat transfer performance of
plate, round, elliptical, and square fin
geometries on a horizontal surface. In order
to simplify the analysis, the air velocity in the
two-dimensional study varied between 0.5-5
m/s. As a result of the analysis, they found
that rounded and stepped geometries were
better than and

sharp smooth-edged

geometries in terms of heat transfer
performance. ince and Bayer (Ince & Bayer,
2019) numerically investigated the effects of
square, cylindrical, and plate-fin heat sinks on
heat transfer in transient flow. As a result of

their numerical analysis, they derived a new

correlation for the Nusselt number,
considering the Reynolds number and
dimensionless geometric parameters.

According to the studies examined, it has
been observed that studies on low Reynolds
numbers and different fin geometry
parameters in widely used rectangular cross-
section fins are limited. Aim: Therefore, this
study aims to perform analyses for different
fin spacing, fin heights, and fin thicknesses in
rectangular fin profiles. Three different
geometry designs were selected for the heat
sink with the rectangular plate fins. The
number of fins (n=6) and the total surface
area of the heat sink with rectangular plate
fins in the three selected designs are constant.

In order to keep the total surface area of the
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heat sink with rectangular plate fin constant,
the distance between the two fins (g), fin
thickness (t), and fin height (H) are varied.
Three heat sinks with rectangular plate fins
are considered in this study: Case 1 (g=6 mm,
t=2 mm, and H=19 mm), Case 2 (g=4 mm, t=6
mm, and H=17 mm) and Case 3 (g=8 mm, t=4
mm, and H=16.8 mm). Air (Pr = 0.7) was
chosen as the fluid passing around the heat
sink in the channel. Air enters the channel at
constant temperature and velocity. The heat
flux applied through the rectangular plate
where the fins are located is the only heat
source of the system. To examine the flow
characteristics, the Reynolds number was
taken in the range of 500<Re<3000. Method:
The problem analyzed in a steady state
regime was solved with the Ansys-Fluent®
commercial package program. The governing
equations are discretized using FVM (Finite
Volume Method). SIMPLE algorithm and
Second Order Upwind methods were used in
solver settings, and k-kl-w turbulence model
was chosen for turbulent flow solutions. In
the verification of numerical analyses, the
experimental results of Adhikari et al.'s study
(Adhikari vd., 2020) were used. It has been
observed that the method and solution
compatible  with  the
addition, grid

methods are

experimental study. In
independence studies were also carried out.
In order to decide the optimum grid structure,
the maximum fin temperature values in eight
different grid structures were compared.
Accordingly, the polyhedral grid structure
with the number of nodes 9781524 was
preferred as the optimum grid structure.
Results: In order to examine the changes that

occur in heat transfer, the mean Nusselt

number was calculated and isotherms were
drawn. In addition, fin resistance was also
calculated for each case in order to quantify
fin efficiency. As a result of the analysis, as the
Reynolds number increased, the Nusselt
number increased. For Case 1, the mean Nu
number in Re=3000 is 2.5 times higher than
in the Re=500. As it is known, small fin
high

efficiency. In the study, it was determined that

thermal resistance indicates fin
as the Reynolds number increases, the fin
thermal resistance decreases. In case 1, the fin
resistance at Re=3000 decreased by 2.5 times
compared to the Re=500 case. A small g/t
ratio in fin structures increased the mean
Nusselt number. However, it has been
determined that fin height is also an
important parameter in addition to the g/t
ratio. Conclusion: It has been determined
that at low Reynolds numbers, sufficient heat
is not removed as a result of the overlapping
of the thermal layers formed between the fins.
As aresult, analyses should be diversified and
discussed by considering more cases for

rectangular plate-fin geometries.
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DERGI HAKKINDA

UHMFD “Uluslararast Hakemli Miihendislik ve Fen Bilimleri Dergisi” 2014 yili itibariyle yayin ha-
yatina girmistir. Dergimizde literatiire kaynak saglayacak nitelik ve degerde olan yayinlara yer
verilmektedir. Dergimiz uluslararas1 hakemli bir dergi olup, yilda UC say1 cikarmaktadir. Dergimi-
zin sayilar1 NISAN, AGUSTOS ve ARALIK aylarinda sistem iizerinden yayimlanmaktadir. Dergimiz
gerek basili gerek de internet tizerinden ulasilabilen bir dergidir. Dergimizde Miihendislik ve Fen
Bilimleri alani igerisinde degerlendirilebilecek her tiirlii yayina yer verilebilmektedir. Dergimizin
bas editorii Prof. Dr. Abdulkadir GULLU olup, dergi yénetimin kurulunun aldig kararlar dogrultu-
sunda faaliyetlerini gerceklestirmektedir.

Gonderilen her yayin kendi alaninda uzman iki hakem ya da dergi sistem editorti ile yayin kurulu-
nun belirleyecegi iki hakem disinda atama yapacagi hakemlerin onayindan ge¢meli ve hakemler
tarafindan yayimlanabilir goriisiine sahip olmalidir. Ayni say1 igerisinde yazarin bir yayinina yer
verilir. Birden fazla hakem ve yayin kurulu onayindan gecen g¢alismalar siraya alinarak ilerleyen
saylilarda yayinlanir. Hicbir yazar hakem ve yayin kurulu tiyeleri tizerinde etkili degildir. Dergimiz-
de yayimlanmak tizere sisteme ytiklenen ¢alismalar icin yayin telif hakki s6zlesmesi istenmez. Sis-
teme ytiklenen calismalar dergiye devredilmis olarak kabul edilir. Yazar ya da yazarlar bu durumu
kabul etmis ve derginin yayin kabul sartlarina uygun hareket etmeyi teyit ederek bu sisteme dahil
olmustur. Higbir sekilde yazarlarin itiraz hakki bulunmaz. Itiraz hakkini kullanamaz.

Dergimiz hakem ve bilim kurullarinda yer almak isteyen akademisyen ve bilim arastirmacilarinin
mutlaka Dr. unvani almis ve alaninda uzman olmasi gerekmektedir. Ayrica bilimsel ¢alismalar yap-
mis olmasi sart1 aranir. Dr. ya da Uzman unvanina sahip olmayan ve alaninda yayin yapmayan
hi¢ kimse bilim, danisma ve hakem kurullarinda yer alamaz. Dergi yayin kurulu derginin en iist
karar ve yiiriitme mekanizmasini olusturur. Yayin kurulunun aldigi her tiirlii karar kesin ve degis-
tirilemez niteliktedir. Yayin kurulu karar1 olmaksizin hi¢bir kosul ve sartta dergi lizerinde islem
gerceklestirilemez ve uygulamaya gidilmez. Dergi bas editorleri hakem onayina génderilmeyen
calismalarin dergide kabul edilip edilmeyecegine, hakem siirecine gonderilip gonderilmeyecegine
karar verebilir. Bu karar siirecinde yayin kuruluna bilgi vermek zorunda degildir. Dergimiz biinye-
sinde hakem, bilim ve danisma kurulunda yer almak isteyen bilim insanlarinin katilimina ancak
yayin kurulu karar verebilir.

Dergimizde bazi ulusal ya da uluslararasi kongrelerde yayinlanmis sézlii ve hakem onayindan
gecmis calismalar icin 6zel sayilar seklinde ¢alismalar da gerceklestirilmektedir. Bu tip 6zel sayilar
ancak anlagsma yapilan kongrelerde sunulmus sozlii bildiriler icin gecerlidir. Bu bildirilerin mutla-
ka kongre bilim kurulundan onay almis hakem degerlendirmesi yapilmis olmalidir. Hakem deger-
lendirmesi yapilmamis hi¢bir calisma yayina alinmaz. Yayimlanmak i¢in gonderilen ¢alismalar
dergi hakem onayina gonderilir. Her iki hakemden olumlu déniis alan ¢alismalar yayina alinir.
Ayrica sozlii sunulan bildirilerin mutlaka basili materyali ile hakem onay raporlari dergimiz yayin
kuruluna ve bas editorlerine sunulmus olmalidir. Bu bilgi ve materyallere sahip olmayan bildiril-
ere dergimizde yer verilmez.
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Dergimizde islem siirecine dair bilgiler yazar ve yazarlara mail olarak dergi internet mail adresin-
den bildirilir. Ayrica dergimize liye olup sisteme giris yapan her bir yazar stireg ile ilgili bilgileri
derginin tye sayfasindan kendisi izleyip gelismeleri takip edebilir. Dergimizdeki kosul ve sartlar
tlim yazar ve yazarlar icin aynidir. Hi¢bir yazar i¢in bu kurallar ve kosullar degistirilmez. Fark-
lilik saglanmasi istenemez talep edilemez. Dergimiz biinyesinde yayimlanmasi istenen eserlerin
mutlaka derginin yayin kabul ettigi alanlardan olmasi sart1 aranir. Bu 6zellikleri tasimayan higbir
yayina dergimizde yer verilemez. Hakem siirecine dair isleyis bas editorler kontroliinde gergek-
lestirilir. Bas editorler yayinin dergide hakem siirecine dair isleyisineyonelik bilgi ve karar verme
yetkisine sahip bulunur. Bas editorlerin uygun bulmadigi ya da kabul etmedigi bir yayin dergide
slirece dahil edilmez. Bu konuda yazar ya da yazarlar dergi ile diger organlar tizerinde bir yiikiim-
lilliik olusturamaz. Hakem onayindan ge¢se bile editorler ya da yayin kurulu mevcut ¢alismanin
yayimlanmasina olumlu gortiis bildirmemesi veya makale sistemde yayina alinsa bile kurullarin
karari ile iptal edilebilir. Boyle bir durumda yazar ya da yazarlar dergiye bir yaptirim uygulaya-
maz. Her tiirli yetki tek tarafli olarak dergi yayin ve editorler kuruluna aittir. Yiiksek lisans ve Dok-
tora tezlerinden lretilen calismalarda mutlaka bu durum kaynak¢a kisminda yazar notu olarak
belirtilmelidir. Dergimizde yayimlanmasi talep edilen ve dergi sistemine ytliklenen makalelerden
mutlaka etik kurul raporu ya da ¢alisma izni belgesi talep edilir. Bu belgelere sahip olmayan calis-
malara dergimizde yer verilmez. Etik kurul gerektirmeyen calismalar icin herhangi bir belge talep
edilmez. Ortak yazarlarda mutlaka sisteme kayit olan ve makaleyi yoneten yazar muhatap kabul
edilir. Bu nedenle sorumluluk sadece sisteme iiye olup yayini yiikleyen yazara aittir. Dergimiz ve
yonetimi/kurullar1 sorumlu yazar disinda hicbir yazarla iletisim icerisinde bulunmaz bu yonde
diger yazarlar bir talep olusturamaz.
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UHMFD “International Refereed Journal of Engineering and Science” was published in 2014. In
our journal, articles, which meet the criteria of scientific quality and contribute to the field, are
included. Our journal is an international refereed journal and it publishes THREE issues per year.
Issues of our journal are published on the system in APRIL, AUGUST and DECEMBER. Our journal
can be accessed both in print and online. All kinds of publications that can be evaluated in the field
of Engineering and Science can be included in our journal. The chief editor of our journal is Prof.
Dr. Abdulkadir GULLU and the journal carries out its activities in line with the decisions taken by
the board of directors.

Each submitted publication must be approved by the appointed referees, other than two referees
or journal system editors who are experts in their field, and two referees to be determined by the
editorial board, and must have the opinion that it can be published by the referees. Only one pub-
lication of the author is included in the same issue. Studies that have gained the approval of more
than one referee and editorial board are put in order and published in the following issues. No au-
thor has any influence over the referees and the editorial board members. A publication copyright
agreement is not required for the manuscripts uploaded to the system for publication in our jour-
nal. Studies uploaded to the system are considered to be transferred to the journal. The authors
are supposed to have accepted this situation and have been included in this system by confirming
to act in accordance with the publication acceptance conditions of the journal. The authors have
no right of objection in any way. They cannot exercise the right of appeal.

Academics and scientific researchers who want to take part in the refereeing and scientific com-
mittees of our journal must have the title of Dr. and be experts in their fields. In addition, They
are expected to have conducted scientific studies. Anyone who does not have the title of Dr. or
Expert and does not publish in their field cannot take part in the scientific, advisory and refereeing
boards. The editorial board of the journal constitutes the highest decision and executive mecha-
nism of the journal. Any decision taken by the editorial board is final and unchangeable. No action
can be taken on the journal under any conditions and without the decision of the editorial board.
The editors of the journal can decide whether the studies that are not sent to the referee’s approv-
al will be accepted in the journal and whether they will be included in the referee process. It is not
obliged to inform the editorial board during this decision process. Only the editorial board can
decide on the participation of scientists who want to take part in the referee, science and advisory
boards of our journal.

In our journal, studies are also carried outin the form of special issues for oral and refereeapproved
studies published in some national or international congresses. Special issues are only valid for
oral presentations presented at the congresses with which an agreement is made. These papers
must have been approved by the scientific committee of the congress and have been evaluated by
a referee. Any work that has not been peer-reviewed will not be published. Studies submitted for
publication are sent to the journal for referee approval. Studies that receive positive feedback from
both referees are published. In addition, the printed material of the oral presentations and the
referee approval reports must be submitted to the editorial board and chief editors of our journal.
Papers that do not have this information and materials will not be published in our journal.
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In our journal, information about the processing process is sent to the author and authors via
e-mail from the journal’s internet e-mail address. In addition, each author who is a member of
our journal and logs in to the system can monitor the information about the process on the mem-
ber page of the journal himself and follow the developments. The terms and conditions in our
journal are the same for all authors. These rules and conditions do not change for any author. It
is required that the works requested to be published within our journal must be from the fields
that the journal accepts publication. Any publication that does not have these features cannot be
included in our journal. The functioning of the referee process is carried out under the control of
the chief editors. The chief editors have the authority to inform and decide on the functioning of
the publication in the journal regarding the referee process. A publication that is not approved or
accepted by the chief editors is not included in the process. In this regard, the author or authors
cannot place sanctions on the journal and other organs. Even if it is approved by the referee, the
editors or the editorial board do not give a positive opinion on the publication of the current study
or even if the article is published in the system, the process can be canceled by the decision of the
boards. In such a case, the authors cannot impose a sanction on the journal. All kinds of authority
unilaterally belong to the journal publication and editorial board. If studies are produced from
master’s and doctoral theses, this should be stated as an author’s note in the bibliography sec-
tion. Ethics committee report or work permit document is definitely requested from the articles
requested to be published in our journal and uploaded to the journal system. Studies that do not
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