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Onemli, Dikkatle Okuyunuz Liitfen
Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gegen bildiriler i¢in online
(video konferans sistemi iizerinden) sunum imkam saglanmistir.
Online sunum yapabilmek icin https://zoom.us/join sitesi lizerinden giris yaparak “Meeting ID
or Personal Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.
Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.
Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde calisiyor.
Her oturumdaki sunucular, sunum saatinden 5 dk oOncesinde oturuma baglanmis olmalari
gerekmektedir.
Tiim kongre katilimcilar1 canh baglanarak tiim oturumlar: dinleyebilir.
Moderator — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.

Dikkat Edilmesi Gerekenler- TEKNIK BILGILER
Bilgisayarimizda mikrofon olduguna ve ¢alistigina emin olun.
Zoom'da ekran paylasma o6zelligine kullanabilmelisiniz.
Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma
ait ID numarasi génderilecektir.
Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir
Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir
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IMPORTANT, PLEASE READ CAREFULLY

To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID
or Personal Link Name” and solidify the session.
The Zoom application is free and no need to create an account.
The Zoom application can be used without registration.
The application works on tablets, phones and PCs.
The participant must be connected to the session 5 minutes before the presentation time.
All congress participants can connect live and listen to all sessions.
Moderator is responsible for the presentation and scientific discussion (question-answer) section of
the session.

Points to Take into Consideration - TECHNICAL INFORMATION
Make sure your computer has a microphone and is working.
You should be able to use screen sharing feature in Zoom.
Attendance certificates will be sent to you as pdf at the end of the congress.
Requests such as change of place and time will not be taken into consideration in the congress
program.

Before you login to Zoom please indicate your name surname and hall
number,
exp. H-1, Fatih SAYIN



Date: 04.03.2023

Ankara Local Time: 1690 : 1830

Session - 1, Hall - 2

HEAD OF SESSION: Assoc. Prof. ismail Kirbas

Moses Adeolu Agoi
Oluwanifemi Opeyemi Agoi

Lagos State University of
Education
Obafemi Awolowo University

EVALUATING THE EFFICACY OF
ARTIFICIAL INTELLIGENCE IN
WIRELESS SENSOR NETWORKS

Ozge Ozgiiner
Taner Ugkan
Ebubekir Seyyarer

Van Yiiziinci Yil University
Van Yiiziinci Yil University
Van Yiizinci Yil University

TEXT CLASSIFICATION USING
MACHINE LEARNING ALGORITHMS
AND DEEP LEARNING MODELS

Mohamed Al-Hattab
Essaadia Oublal
Mustapha Sahal

L’houcine Moudou

Omar Bajjou
Khalid Rahmani

Government College University
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane

NUMERICAL SIMULATION OF A NEW

HETEROSTRUCTURE CIGS/GaSe

SOLAR CELL SYSTEM USING SCAPS-

1D SOFTWARE

Preeti Singh Bahadur
Shalini Jaiswal

Amity University
Amity University

DIVERSE APPLICATIONS OF OPTICAL

FIBER SENSORS

Golge Ogiicii Yetkin
Zaid Attrah

Gaziantep University
Gaziantep University

WIDEBAND MIMO 5G ANTENNAS IN

HANDSETS

Kamil Aykutalp Giindiiz
Fatih Basgiftci
Ziileyha Yilmaz Acar

Selguk University
Selguk University
Selguk University

PERFORMANCE COMPARISON OF
DIFFERENT CABLE LENGTHS IN

ESP8266 BASED MICROCONTROLLER

CIRCUIT OF ANALOG pH SENSOR

Burdur Mehmet Akif Ersoy

Ayhan Dukkanci University ANOMALY DETECTION TECHNIQUES
Ismail Kirbas Burdur Mehmet Akif Ersoy AND APPLICATIONS
University
Burdur Mehmet Akif Ersoy
Tarik Kabak University CHATGPT WITH OPPORTUNITIES AND
ismail Kirbag Burdur Mehmet Akif Ersoy RISKS
University

Mourad Derra

Ibn Zohr University

MONITORING MILK ADULTERATION

USING ULTRASOUND TECHNIQUE




Date: 04.03.2023
Ankara Local Time: 1690 ; 1830

Session- 1, Hall - 3

HEAD OF SESSION: Asisst. Prof. Ceren Orak

M. Said Bayrakhlar

Siirt University

DETERMINING THE JOHNSON COOK
MODEL PARAMETERS

Ceren Orak
Gilin Ers6z

Sivas University of Science and
Technology
Ege University

TREATMENT OF TARTRAZINE VIA
SOLAR-FENTON-LIKE OXIDATION

Badis Bendjemil
Khaoula Safi

University 8 May 1945 Guelma
University 8 May 1945 Guelma

PRODUCTION OF B-type NbxTi (x =50

llvas Kouahla ENSICAEN at%) /SWCNTs INTERMETALLIC
Jac uesyGuiIIome Noudem University of Caen Basse- MATRIX NANOCOMPOSITE BY FAST-
?\/Iohamed Mouvane Normandie SPS FOR BIOMEDICAL AND
<A Y University of Caen Basse- NANOTECHNOLOGY APPLICATIONS
Jéréme Bernard 8
h h Normandie (ITER)
David Houivet . .
University of Caen Basse-
Normandie
Recep Tayyip Erdogan
E. Cuce Rece %r;veirs'grdo an NUMERICAL ANALYSIS OF THE
P. M. Cuce pUniz//)érpsit 9 EFFECT OF COLLECTOR HEIGHT IN
H. Sen rsity SOLAR CHIMNEY POWER PLANTS
Recep Tayyip Erdogan
University
Recep Tayyip Erdogan
E. Cuce Rece L%r;"eirs'grdo an THE EFFECT OF THE BARRIER DESIGN
P. M. Cuce pUnii%rpsit 9 ON THE HEAT CONDUCTION IN
H. Sen rsity DOUBLE GLASS WINDOWS
Recep Tayyip Erdogan
University

Fageer Muhammad
Muhammad Ashan
Hafiz Badaruddin Ahmad

Bahauddin Zakarya University
Government Graduate College
Bahauddin Zakarya University

SYNTHESIS AND CHARACTERIZATION
OF HALOGEN SUBSTITUTED
ORGANIC/INORGANIC HYBRID HALIDE
PEROVSKITES

N. Boughazi
F. Gaci
A. Haddad

University 8 May 1945 Guelma
University of Constantine
University 8 May 1945 Guelma

MONITORING OF A PETROLEUM
PRODUCT STORED IN A FLOATING
ROOF STORAGE TANK

N. Boughazi
A. Haddad

University 8 May 1945 Guelma
University 8 May 1945 Guelma

DESIGN METHOD OF ASYMMETRIC
SUPERSONIC NOZZLES

Safak Aktas
Yasemin Budama-Kilinc

Yildiz Technical University
Yildiz Technical University

DEVELOPMENT OF NANO DRUG
CANDIDATE WITH PLANT EXTRACT
FORMULATION FOR THE TREATMENT
OF ATHEROSCLEROSIS AND
EVALUATING IT'S IN-VITRO SAFETY




Muhammed Zahid Kasapoglu

Esra Avci
Osman Sagdig

Date: 05.03.2023
Ankara Local Time: 1000
Session - 1, Hall - 2

HEAD OF SESSION: Assist. Prof. Halil Yiimaz

Yildiz Technical University
Yildiz Technical University
Yildiz Technical University

1230

THE EFFECT OF DIFFERENT DRYING
METHODS ON DRYING TIME,
BIOACTIVE AND COLOR PROPERTIES
OF BLUEBERRY FRUIT

Dursun Ekren

Iskenderun Technical University

TOWARD IMPROVED
THERMOELECTRIC PROPERTIES IN
SRTIO3

Mustafa Ertiirk Soylemez
Rasim Behget
Zekeriya Parlak

Mus Alparslan University
Inénii University
Sakarya University

NUMERICAL MODEL AND
VERIFICATION OF EXPERIMENTAL
RESULTS OF CENTRIFUGAL
COMPRESSOR

Mustafa Ertiirk Soylemez
Zekeriya Parlak
Rasim Behget

Mus Alparslan University
Sakarya University
Inénii University

CFD ANALYSIS AND OPTIMIZATION OF
TANDEM BLADE RADIAL
COMPRESSOR

Muhammed Zahid Kasapoglu
Esra Avci
Salih Karasu
Osman Sagdlg

Yildiz Technical University
Yildiz Technical University
Yildiz Technical University
Yildiz Technical University

POTENTIAL USE OF COLD PRESSED

PUMPKIN SEED OIL BY-PRODUCTS IN

THE PRODUCTION OF PLANT-BASED
MILK AND LOW-FAT ICE CREAM

Halil Yilmaz
Cem Ornek
Bilgehan M Sesen
Beste Payam

Mus Alparslan University
Istanbul Technical University
Max Planck Institute for Iron

Research
Istanbul Technical University

MICROSTRUCTURE
CHARACTERIZATION AND TENSILE
TESTING OF HIGH STRENGTH HYBRID
STEEL TO UNDERSTAND THE EFFECT
OF ELECTROCHEMICAL HYDROGEN
CHARGING

Recep Tayyip Erdogan

E. Cuce Unive‘rsity RECENT APPLICATIONS OF
P M Cuce Recep Ta_yylp_Erdogan THERMOELECTRIC COOLING
.'I_ éuclu University DEVICES: A REVIEW OF
. Recep Tayyip Erdogan PERFORMANCE PARAMETERS
University
Recep Tayyip Erdogan
E. Cuce ReceleT’Z;’;ir;'gdogan THE EFFECT OF PELTIER POSITION ON
P. M. Cuce University COOLING PERFORMANCE IN
T. Guclu . THERMOELECTRIC COOLERS
Recep Tayyip Erdogan
University

Hayriye Hale Aygiin

Kahramanmaras Siitgii Imam
University

OPENNED-UP E-GLASS FIBER
REINFORCED EPOXY COMPOSITES:
RELATIONSHIP BETWEEN FIBER
ASPECT RATIO AND FLAME
RESISTANCY




Halil Kuyrukcu

Date: 05.03.2023
Ankara Local Time: 1000
Session- 1, Hall - 3

HEAD OF SESSION: Res. Asisst. Halil Kuyrukcu

Zonguldak Blilent Ecevit
University

1230

TORSION-FREE FIELD EQUATIONS OF
THE VACUUM POINCARE GAUGE
GRAVITY MODEL IN THE
NONCOMPACTIFIED KALUZA-KLEIN
THEORY

Hasan Kemal Siirmen
Tolga Giiven

I:stanbul University- Cerrahpasa
Istanbul University- Cerrahpasa

STATIC ANALYSIS OF AN AIRPLANE
PASSENGER SEAT ARMREST USING
THE FINITE ELEMENT METHOD

Ibrahim Maouhoubi

Sidi Mohammed ben Abdallah
University

ELECTRON-IMPURITY CONFINED IN
QUANTUM DOST DISK-SHAPED:
INVESTIGATION OF ELECTRONIC

PROPERTIES

Ibrahim Maouhoubi

Sidi Mohammed ben Abdallah
University

THE INFLUENCE OF
EXTERNAL/INTERNAL CONTRIBUTION
ON THE IONIZATION ENERGY AND
DIAMAGNETIC RESPONSE: SIZE AND
APPLIED FIELDS

Muhammet Kamal

Pamukkale University

OPTIMUM DESIGN OF RC SHORT
CANTILEVER OF PRECAST
INDUSTRIAL BUILDINGS USING
DIFFERENTIAL EVOLUTION
ALGORITHM

Sabira Shahmarova
Samid Shahmarov
Rasim Bayramli

Khazar University
Khazar University
Khazar University

EVALUATION OF AGGREGATES IN THE
REGIONS OF AZERBAIJAN IN TERMS
OF ALKALI-SILICA REACTION

Aminaga Sadigov
Maharram Saliyev
Samid Sahmarov

ANAS
ASOIU
Khazar University

APPLICATION OF GRANODIORITE AND
CRUSHED RIVER STONE AGGREGATE
IN PERVIOUS CONCRETE AND
INVESTIGATION OF SOME
PROPERTIES

Qualid Rholam

University Ibn Tofail

HERMITE-HADAMARD TYPE
INEQUALITIES FOR S-CONVEX AND
S-CONCAVE STOCHASTIC
PROCESSES VIA FRACTIONAL
INTEGRALS




Date: 05.03.2023
Ankara Local Time: 1300 ; 1530
Session - 2, Hall - 2

HEAD OF SESSION: Preeti Singh Bahadur

Vidya Padmakumar
Murugan Shanthakumar

Bangalore University
Bangalore University

EFFECT OF METHANE GAS ON
JAVELINA POPULATIONS IN THE
SOUTHWESTERN US

Syed Makhdoom Hussain

Government College University

USE OF DIFFERENT SUPPLEMENTS IN
CONVENTIONAL AND NON-
CONVENTIONAL PLANT BY-PRODUCTS
BASED AQUA-FEEDS

Yusuf Rabe
Yusuf Muhammad Sanyinna
Abdulhamid Ahmed

Nigerian Defence Academy
Nigerian Army University
Umaru Musa Yar’adua University

IDENTITY AND DISTRIBUTION OF
LARVAL AND ADULT MOSQUITO
SPECIES IN ZANGO LOCAL
GOVERNMENT AREA, KATSINA STATE,
NORTH-WESTERN NIGERIA

Irum Shaheen
Khuram Shahzad Ahmad

Fatima Jinnah Women University
Fatima Jinnah Women University

ORGANIC TEMPLATE ASSISTED
SUSTAINABLE SYNTHESIS OF FACILE
ZnONiOPdO/Pd NANOMATERIAL:
ENVIRONMENTALLY BENIGN
PHOTOCATALYSTS

Shalini Jaiswal
Preeti Singh Bahadur

Amity University
Amity University

NOVELTY IN SOCIETY WITH GREEN
REVOLUTION

Mohamed Al-Hattab
Essaadia Oublal
Mustapha Sahal

L’houcine Moudou

Omar Bajjou
Khalid Rahmani

University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane
University Sultan Moulay
Slimane

FIRST-PRINCIPLES CALCULATION OF
THE STRUCTURAL,
ELECTRONIC AND OPTICAL
PROPERTIES OF GaSe1-xSx
(x=0,0.25, 0.5 and 1) COMPOUNDS

Ibrahim Maouhoubi
Izeddine Zorkani

Sidi Mohamed Ben Abdellah
University

Sidi Mohamed Ben Abdellah
University

EFFECTS OF APPLIED MAGNETIC
FIELD AND PRESSURE ON THE
DIAMAGNETIC SUSCEPTIBILITY AND
BINDING ENERGY OF DONOR
IMPURITY IN A CIRCULAR QUANTUM
DISK MADE OUT OF GaAs

Said Et-Taleb
Asma Amjlef
Salaheddine Farsad
Noureddine El Alem

, Ibnou Zohr University
, Ibnou Zohr University
, Ibnou Zohr University
, Ibnou Zohr University

EFFECT OF SPECIFIC SURFACE FOR

REMOVAL OF METHYLENE BLUE DYE

USING TWO TYPE OF NATURAL SAND
BEFORE AND AFTER GRINDING

Gasmi Boutheyna
Yallese Mohamed Athmane
Bouchrit sebti
Djouambi Nahla

May 8th 1945 University
May 8th 1945 University
May 8th 1945 University
May 8th 1945 University

MODELING AND OPTIMIZATION OF
SURFACE ROUGHNESS, CONSUMED
POWER AND PRODUCTIVITY DURING
DRY TURNING OF GRAY CAST IRON




Date: 05.03.2023
Ankara Local Time: 1300 ; 1530
Session -2, Hall - 3

HEAD OF SESSION: Asisst. Prof. Pelin Sertyesilisik

Pelin Sertyesilisik

Afyon Kocatepe University

EFFECT OF IMPERMEABLE SURFACES
ON STORM WATER MANAGEMENT

Hiiseyin Albayrak

Siileyman Demirel University

ROUGH FILTER CONVERGENCE OF A
SEQUENCE OF FUNCTIONS

Hanane Boumaza
Salim Belhadi
Mohamed Athmane Yallese
Abdelkrim Haddad

May 8th 1945 University
May 8th 1945 University
May 8th 1945 University
May 8th 1945 University

OPTIMIZATION OF MACHINING

PARAMETERS IN TURNING OF

INCONEL 718 WITH CERAMIC
COMPOSITE TOOLS USING VIKOR

Hadjela Salah May 8th 1945 University METHODOLOGY
University of Engineering &
Technology
. . University of Engineering &
Hafiz L,{/tl’;;‘zj z;snehman ~ Technology REDUCTION OF LOCAL SCOUR
Noor Elahi University of Engineering & AROUND SQUARE BRIDGE PIER USING
Ahmad Abdullah ' _Technolo_gy _ DOUBLE HOOKED COLLAR AND BAR
University of Engineering & AS A COUNTERMEASURE
Shees Ur Rehman
Technology
University of Engineering &
Technology
University of Engineering &
Technology
University of Engineering &
hu frg"naizh ﬁzznpasha ~ Technology NUMERICAL STUDY IN A
Sohail Igbal University of Engineering & RECIRCULATION ZONE BETWEEN TWO
Usman Ghani Technology SUCCESSIVE SPUR DIKES WITH
University of Engineering & LARGE ROUGHNESS ELEMENTS
Afzal Ahmad
Technology
University of Engineering &
Technology

Merve Yilmaz Arici
Mert Kilingel
Senol Sirin

Diizce University
Diizce University
Diizce University

AN INVESTIGATION ON THE
MACHINABILITY OF CARBON FIBER
REINFORCED COMPOSITE PIPES IN

DIFFERENT WINDING DIRECTIONS BY
TURNING METHOD

Hasan Ustiin Basaran

Izmir Kétip Celebi University

COMBINING LATE EXHAUST VALVE
OPENING AND CYLINDER
DEACTIVATION TO ACHIEVE RAPID
AFTER-TREATMENT HEAT UP IN
DIESEL VEHICLES

Hadjela Salah
Belhadi Salim
Ouelaa Nouredine
Yallese Mohamed Athmane
Safi Khaoula
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S5.Camagirhane ve Terzilik Hizmetleri

1. Kullanilan kimyasallara ait bilgi ve talimatlarin bulunmasi.

. : 2. Camagir yikama, kurutma ve {itiileme alanlannmn is akisina
ge e .

Otelcmgl H-lzmet gore ditzenlenmesi.

Kl'itel'lel'i ve 3. Gelen tekstillerin yikama talimatlarina uygun yikanmas:.
Gﬁzlem 4. Enfekte ¢amagirlarin servislere gore ayrilarak temizlenmesi.

Ortalamala" 5. Hastaneye ait tekstil tirtinlerinin zamaninda tadilatlanimin

yapilip ilgili birimlere teslim edilmesi

6. Terzihanede iglem gorecek tiim drtinlerin teslim alip/verme
islemlerinin kayit altina alinmas:.

ORTALAMA 38

Salon-1, Cihat D...

Hall-1, Lokman... Uzm.Dr.EKiibra...

s @

Saglik ¢alisanlarinda siddet; ¢alisanlarin is doyumunu,
aile hayatina olumsuz yansimasini, kaygi diizeylerini
ciddi ol¢iide etkilemektedir. Kayg: kisinin tehdit olarak
algiladigi olaylara karsi emosyonel, fiziksel ve ruhsal
farkhilagmalar gosterdigi  hosuna gitmeyen tepkiler
olarak adlandirilmaktadir.
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Salon-1, Cihat D... i Hall-1, Hamza B...

Hall 1, Burak Sa... Hall-1, Lokman... Uzm.Dr.E.Kiibra... iPhone

Mail-1, Hamaza 8.

TURKIYEDE SPRITUEL BAKIM UYGULAMALARI

S Saghk Bakanh@ Hasta Haklan Yonetmeligi'nde

(1998); hastalarin  dini  vecibelerini  yerine
getirebilme  hakki, dini  vecibelerini  yerine
getirebilmeleri igin gerekli tedbirlerin alinmasi
hakki, hastalara dini telkinde bulunmak ve onlar
spiritiiel yonden desteklemek iizere talepleri
halinde, dini inanglarina uygun olan din gorevlisi
davet edilmesi gibi uygulamalari i¢eren maddeler

bulunmaktadir (Resmi Gazete, 1998).

Hall-3, Observer

86286

Hiiseyin Albayrak
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ISPEC 15. ULUSLARARASI MUHENDISLIK VE
FEN BiLIMLERI KONGRESI

JOHNSON COOK MODEL )
PARAMETRELERININ BELIRLENMESI

Dr. Ogr. Uyesi M. Said BAYRAKLILAR-Siirt Universitesi

About 15% of these dyes are expelled into the environment with no treatment at all

The presence of dyes in water bodies could cause environmental consequences: CANCER Hall-3, Observer
They become an obstacle for the spreading of oxygen and light HAZARD
Dyes have complex aromatic molecular structure and are generally resistant to light, temperature
and oxidizers.
This characteristic feature makes the dye non-degradable and thus causes bioaccumulation in living
organisms, leading to severe diseases and disorders and some of their precursors and sub-product
are cancer agents.

They might affect the aquatic life and food web as most of them are mutagenic and carcinogenic.

60eNBeLB6086

Huseyin Albayrak

JOHNSON COOK MODEL PARAMETRELERI
Esdeger Sicakhik

5 Hall-3, Observer
o,=(A+B-£.)-(1+C-In&")-(1-7")
Burada;
T, T,, T, swirasiyla mevcut sicaklik, camsi gegis sicaklifi ve erime sicakhigidir.
i 7
Eger T<T ve T>T =T"=0 x ‘
- e i sm I-=T Horun 3o
Eger T,<T<T =>T"=—%-

Im _ 7: Huseyin Albayrak

600869208
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Production of B-type NbxTi (x =50 at%)

/SWCNTS intermetallic matrix
nanocomposite by FAST-SPS for
Biomedical and Nanotechnology

Applications (ITER)

0000NBD000

15 th INTERNATIONAL CONFERENCE ON
ENGINEERING & NATURAL SCIENCES

Experimental
Sectio

660206

6600

-2

Figure 1: (@) Siatered samples in the d 20 men of NHSOTI
g Punch, die and
spacer with 10 mm of diameter

— Badis Bendjem |

MO

NUMERICAL ANALYSIS OF THE EFFECT OF e
COLLECTOR HEIGHT IN SOLAR CHIMNEY
POWER PLANTS

ECUCE

0600068606060

Haseyin Albayrak
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NUMERICAL MODEL AND VERIFICATION OF
EXPERIMENTAL RESULTS OF CENTRIFUGAL
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Faqeer Muhanmad'*, Mubammad Ashan . Hafiz Badamddin Almad *
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M3 SAFAK AKTAS

ACILMIS E-TiPi CAM ELYAF TAKVIYELI EPOKSI KOMPOZITLER:
YANMA DAYANIMI VE LiF BOY/GAP ORANIN iLiSKisi

OPENNED-UP E-GLASS FIBER REINFORCED EPOXY COMPOSITES:
RELATIONSHIP BETWEEN FIBER ASPECT RATIO AND FLAME
RESISTANCY

Asst. Prof. Dr. H. Hale AYGUN
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NUMERICAL MODEL AND VERIFICATION OF
EXPERIMENTAL RESULTS OF CENTRIFUGAL
COMPRESSOR

Tamer GUCLU
Mustafa Ertiirk SOYLEMEZ*', Rasim BEHCET?, Zekeriya PARLAK

Tamer GUCL
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Mug Alparslan — MICROSTRUCTURE CHARACTERIZATION AND TENSILE TESTING
Oniversitesi OF HIGH STRENGTH HYBRID STEEL TO UNDERSTAND THE
EFFECT OF ELECTROCHEMICAL HYDROGEN CHARGING

ELEKTROKIMYASAL HIDROJEN SARJININ YUKSEK DAYANIMLI
HIBRIT GELIK'IN MIKROYAPI KARAKTERIZASYONU VE GEKME
TESTi UZERINE ETKISINI ANLAMAK

Halil Yilmaz*, Cem Ornek, Bilgehan M Sesen, Beste Payam

E-mail: halil.yilmaz@alparslan.edu.tr
Teknik Bilimler MYO, Mus Alparsian Universitesi

ISPEC 15,
MUHENDISLIK VE FEN
BILIMLERI KONGRESI
04-06 Mart 2023 Tamer GUCLU
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GIRIS

»  Enlyl kurutma yontemi olarak kabul edilen dondurarak kurutma ydntemi, duyusall besleyici
kalites ve re

yiksek kurutulmus GrOnler elde edilmesl agisindan

avantajlidir

> Diger yontem ise kurutma sicaki@ini veya kurutma stresini diglrerek kurutulan Ornlerin

kalitesinl artirmak igin sicak hava lle kurutma yerine yaygin olarak tercih edilen vakumiu
kurutma yontemidir. Vakumlu kurutma yonteminde, atmosfer basincindan daha digok

sicakhktaki suyun buharlagmasi sonucu meyveler yUksek sicakliklara maruz birakilmadan

kurutulur. Aynica dehidrasyon s 2 ortamda legtigl Igin oksidasyon

reaksiyonlanni azaltir. Bu avantajlardan dolayr kurutulmug Granlerin renk, tat ve aroma gibi
fiziksel kaliteleri iyilestirilir

H-2, Ertirk Soyl

-i) SEINDERUN TEONE
Thermoelectrics
* Generating electricity from waste heat through

Seebeck effect.

» Performance is evaluated using dimensionless
figure of merit, zT.

er fact
Electrical |  Seebeck coefficient
conductivity
. " arier concentration
ZT ===5T,
LK Snyder o of. Noture Materiais, 7, 185, (2008

Tamer GUCLU

Thermal conductivity Absolute temperature

7 ) ISKENDERDN TEKNK
D

Thermoelectrics

1
» Generating electricity from waste heat through . .
Seebeck effect.
» Performance is evaluated using dimensionless
figure of merit, zT. = 08
Power factor 9
Electrical Seebeck coefficient -
conductivity 0o o0 e pro
" ~oa? * Caster concentraton
2T ===T ,
. K Snyder ot al., Nature Materials, 7. 185. (2008)

Tamer GUCLU

Thermal conductivity Absolute temperature ’
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Dr. Shalini Jaiswal

UNIVERSITY, GREATER
NOIDA CAMPUS

ISPEC

RNATIONAL CONFERENCE
IGINEERING & NATURAL
SCIENCES

04-06, 2023 ,Turkey




reaton 156

Gavtinom

Delaying Spoilage and
Maintaining the Quality of Sea Bass
Using Atmospheric Cold Plasma
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» MOLECULAR STRUCTURE ANALYSIS,
ELECTRONIC PROPERTIES

(HOMO-LUMO, MEP), HIRSHFELD SURFACE ANALYSIS AND

MOLECULAR DOCKING STUDIES OF LUTEOLIN AS POTENT

ANTIBACTERIAL AND ANTIFUNGAL AGENT

matter

When any gas is

free electrons
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GOPAA-DOPED SN0, QUANTUM DOTS FOR BACTERICIDAL ACTION AND
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EFFECTS OF APPLIED MAGNETIC FIELD AND PRESSURE ON THE DIAMAGNETIC
SUSCEPTIBILITY AND BINDING ENERGY OF DONOR IMPURITY IN A CIRCULAR
QUANTUM DISK MADE OUT OF GAAS

Ibrahim Maouhoubi
Izeddine Zorkani

ABSTRACT

In this work, we investigate the influence of the hydrostatic pressure, magnetic field, and conduction band
non-parabolicity on both the diamagnetic susceptibility and the binding energy of shallow donor impurity in
a quantum disk made out of GaAs. The Hamiltonian of the investigated problem has been solved within the
framework of the effective-mass approximation. The energy minimization has been performed using
variational approach. Our results reveal that both the diamagnetic susceptibility and binding energy have been
reduced with increasing the disk size. Moreover, the diamagnetic susceptibility increases as the impurity
moves from the extremity to the center of the disk. However, both the diamagnetic susceptibility and binding
energy have been improved under applied magnetic field, hydrostatic pressure, and by considering the
conduction band non-parabolicity model as well. We hope that the reported results will be a modest
contribution to further theoretical research in the field of nanostructures.

Keywords: Quantum disk; Hydrostatic pressure; Magnetic field; Non-parabolicity; Diamagnetic
susceptibility; Binding energy.
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GO/PAA DOPED SNO; QUANTUM DOTS FOR BACTERICIDAL ACTION AND INDUSTRIAL
DYE DEGRADATION

Muhammad lIkram

ABSTRACT

The present work demonstrates the systematic incorporation of different concentrations of graphene oxide
(GO) into a fixed amount of polyacrylic acid (PAA) doped SnO:2 quantum dots (QDs) through a co-
precipitation approach. The research aimed to evaluate the catalytic and antibacterial action of GO/PAA-SnO2
QDs. Moreover, optical properties, surface morphology, crystal structure, elemental composition and d-
spacing of prepared QDs were examined. XRD patterns revealed the tetragonal configuration of SnO2, and
the crystallinity of QDs was suppressed upon dopants verified by the SAED patterns. Electronic spectra
identified the blue shift by incorporating GO, and PAA led to a reduction in band gap energy. FTIR spectra
showed the existence of rotational and vibrational modes associated with the functional groups during the
synthesis process. A drastic increase in the catalytic efficacy of QDs was observed in the neutral medium by
including dopants, indicating that GO/PAA-SnO:z2 is the promising catalyst. GO/PAA-SnO2 showed strong
bactericidal efficacy against Escherichia coli (E.coli) at higher GO concentrations. Molecular docking studies
predicted given nanocomposites, i.e. SnO2, PAA-SnO2 and GO/PAA-SnOz, as potential inhibitors of beta-
lactamasee.coli and DNA gyrasee.coli. (Submitted in ACS Omega)

Keywords: SnO2; PAA; graphene oxide; antimicrobial activity; catalysis
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HERMITE-HADAMARD TYPE INEQUALITIES FOR S—CONVEX AND S—-CONCAVE
STOCHASTIC PROCESSES VIA FRACTIONAL INTEGRALS

Oualid Rholam

ABSTRACT

Abstract in this paper, we establish several inequalities for some differantiable mappings that are connected
with the Riemann-Liouville fractional integrals. The analysis used allow us to obtain, some new Hermite-
Hadamard type inequalities for RiemannLiouville fractional integral for stochastic processes that are s-convex
and s-concave.

Keywords: Hermite-Hadamard’s inequality; s-convex stochastic processe; s-concave stochastic processes;
Riemann-Liouville fractional integration
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TOWARD IMPROVED THERMOELECTRIC PROPERTIES IN SRTIO;

Dursun Ekren
ORCID: 0000-0002-9080-9094

ABSTRACT

Increasing global demand for energy pushes the investigation into limiting/using the wasted energy during
many industrial processes forward. The energy is mainly lost as wasted heat, and thermoelectrics (TEs) offers
to generate electricity from this wasted energy to electricity. Among the materials studied for thermoelectric
applications oxides are studied for high temperature applications due to their thermal and chemical stability,
low toxicity, and abundance of raw materials. SrTiOs offers high thermoelectric power, but its thermoelectric
dimensionless figure of merit is low due to its high thermal conductivity. One of the latest approaches to
improving TE performance is the addition of graphene. However, the interplay between processing parameters
and graphene addition complicates understanding this enhancement. Herein, we examine the effects of
processing parameters and graphene addition on the thermoelectric performance of La-doped SrTiO3 (LSTO).
The thermoelectric properties of LSTO can be controlled through processing and graphene addition. By
adjusting the sintering environment, the level of oxygen vacancy concentration at grain boundaries can be
controlled. This is supported by the experimental work with addition of theoretical modelling. Moreover, the
addition of graphene regardless of the synthesis method is beneficial for thermoelectric performance.
However, the method by which the graphene is prepared is also important for maximising the improvement
in the performance.

Keywords: thermoelectric, SrTiOs, graphene, grain boundary
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TORSION-FREE FIELD EQUATIONS OF THE VACUUM POINCARE GAUGE GRAVITY
MODEL IN THE NONCOMPACTIFIED KALUZA-KLEIN THEORY

Halil Kuyrukeu
ORCID: 0000-0002-5585-9838

ABSTRACT
By considering the five-dimensional noncompactified Kaluza—Klein metric ansatz, we investigate the vacuum
field equations of the quadratic Poincaré gauge theory of gravity in the torsion-free limit. Owing to torsion,

the energy—momentum tensor and spin tensor vanish, and the five-dimensional Einstein-like field equation
~MNC

reduces to RynepRp NP-(1/4)8 , ;RynenR P 0, whereas the five-dimensional Cartan-like field equation
becomes ﬁAﬁA scp= 0. Dimensionally reduced forms of those equations are presented in the context of
Wesson’s induced matter theory, implying that a five-dimensional metric consists of a four-dimensional
metric and scalar field that depend on the fifth coordinate, y, without considering the electromagnetic vector
potential. Accordingly, we have six field equations that can be reduced to equations obtained by considering
the limit in which the five-dimensional cylinder condition, 6,8, ,= 0, is applied. We examine these equations
in detail. Particularly, the stress—energy tensor and spin tensor naturally emerge from the field equations as
source terms in this modified gravity model. This situation is also known as the Kaluza miracle in the ordinary
Kaluza—Klein theory.

Keywords: Poincaré gauge theory, Kaluza—Klein, Noncompactified, Reduced equations
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MOLECULAR STRUCTURE ANALYSIS, ELECTRONIC PROPERTIES
(HOMO-LUMO, MEP), HIRSHFELD SURFACE ANALYSIS AND MOLECULAR DOCKING
STUDIES OF LUTEOLIN AS POTENT ANTIBACTERIAL AND ANTIFUNGAL AGENT

Tugba Gocen
ORCID: 0000-0003-0078-8531

ABSTRACT

Luteolin is a tetrahydroxyflavone which corresponds to a flavone substituted by hydroxyl groups at the 5, 7,
3 and 4 positions. In this work, the optimized structure geometry and vibrational frequencies of the compound
were obtained by DFT theory at B3LYP functional and 6-311 + +G(d,p) basis set. The optimized structural
parameters (bond lengths, bond angles, torsion angles) were found to be in agreement with the X-ray
crystallographic data in the literature. The 3D Hirshfeld surface and 2D fingerprint plot analyses were
performed to investigate the intermolecular interactions in the crystal structure of Luteolin. The highest
molecular orbital (HOMO), the lowest unoccupied molecular orbital (LUMO), and the molecular electrostatic
potential (MEP) were calculated to research the nucleophilic and electrophilic attack sites. In addition, the
reactivity of the molecule has been discussed by calculating some quantum chemical descriptors such as
chemical potential, hardness, softness, electronegativity, electrophilicity and dipol moment. Besides, the
molecular docking studies with different receptors (1LRY and 6FOE) have been performed to demonstrate
that Luteolin has good antibacterial and antifungal activity.

Keywords: Luteolin, DFT calculations, HOMO, LUMO, Molecular Docking
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EFFECT OF METHANE GAS ON JAVELINA POPULATIONS IN THE SOUTHWESTERN US

Vidya Padmakumar
ORCID: 0000-0002-3830-4232
Murugan Shanthakumar
ORCID: 0000-0002-6132-6288

ABSTRACT

The collared peccary, also known as the javelina (Tayassu tajacu), is a moderate mammal that resembles a
wild boar. They are found throughout Texas, New Mexico, Arizona, and as far south as Argentina. They are
characterized by their mostly short, coarse hair, short legs, and pig-like snout. Although javelinas are given a
moderate conservation status, the population is in threat of extinction in a variety of its habitats. Although
there are inexplicable large drop deaths that are indicative of illnesses, the territories of javelinas are also
impacted by poaching and habitat degradation. An additional significant factor in the decline of javelinas is
the rise in surface temperatures, which impacts the semen quality and slows down spermatogenesis. The main
reasons for the rise in temperatures in the southwest US are methane emissions from oil and natural gas
exploration. The ever-increasing abundance of methane in the environment is harming many wildlife species
by expediting climate crisis. Reducing methane emissions from the oil and gas sector is the easiest and most
cost-efficient way to slow down the rate of climate change that is now occurring and protect the wellbeing of
human populations and wildlife. Controlling methane emissions is vital for javelinas, which continue to be
affected from oil and gas production that destroys their habitat and increases stress on other vulnerable species
by accelerating global warming.

Keywords: Javelina; Tayassu tajacu; methane; global warming; climate change; spermatogenesis
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SOGUK PRES KABAK CEKIiRDEGI YAGI YAN URUNLERININ BiTKi BAZLI SUT VE DUSUK
YAGLI DONDURMA URETIMINDE POTANSIYEL KULLANIMI
POTENTIAL USE OF COLD PRESSED PUMPKIN SEED OIL BY-PRODUCTS IN THE
PRODUCTION OF PLANT-BASED MILK AND LOW-FAT ICE CREAM

Muhammed Zahid Kasapoglu
ORCID: 0000-0002-2397-6984
Esra Avci
ORCID: 0000-0003-0317-2118
Salih Karasu
ORCID: 0000-0002-2324-1865
Osman Sagdi¢
ORCID: 0000-0002-2063-1462

OZET

Bu calismada, bitki bazli siit ve dondurma {iretimi i¢in ucuz bir alternatif kaynak olarak soguk pres kabak
cekirdegi yagi yan tiriiniiniin (POB) potansiyel kullanimini aragtirilmistir. Bu amagla dondurma karigimlarinin
reolojik Ozellikleri ile dondurma Orneklerinin erime oOzellikleri, renk, tasma ve duyusal oOzellikleri
incelenmistir. Az yagl vegan dondurma karisimlari, %0.4 ksantan sakiz1 (XG), %2.5 yag, %1-3 POB ve POB
sttii ve %2.5-12.5 yag igeren kontrol vegan dondurma numuneleri kullanilarak formiile edildi. Reolojik
analizi sonucu tiim dondurma numunelerinin kayma incelmesi, kat1 benzeri ve geri kazanilabilir karakterler
sergileyerek tam yagli ve az yagli bitki bazli dondurma iiretiminde ucuz bir hammadde kaynagi olarak
basariyla kullanilabilecegini gostermistir. Emiilsiyon 6rneklerinin kivam katsayist (K) degerleri arasinda
anlamli fark vardi (p<0,05). Dondurma numunelerinin termal 6zellikleri, bir diferansiyel tarama kalorimetresi
(DSC) ile analiz edildi. %3 POB ile stabilize edilmis diisiik yagli POB dondurmasi ve tam yagli POB
dondurma Orneklerinden daha diisiik AHf degerleri gosterdi, bu da POB dondurmasinin istenen termal
ozellikleri gosterdigini gosterir. Dondurma iiretiminde POB kullanilan dondurma 6rneklerinin erime profili
ve duyusal 6zellikleri lizerinde olumsuz bir etki gézlemlenmemistir.

Anahtar Kelimeler: Soguk sikim kabak ¢ekirdegi yagi yan iiriinii siit, vegan dondurma, DSC, duyusal

ABSTRACT

In this study, the potential use of cold pressed pumpkin seed oil by-product (POB) as an inexpensive
alternative source for plant-based milk and ice cream production was investigated. For this purpose,
rheological properties of ice cream mixtures and melting properties, color, overflow and sensory properties of
ice cream samples were investigated. Low-fat vegan ice cream mixes were formulated using control vegan ice
cream samples containing 0.4% xanthan gum (XG), 2.5% fat, 1-3% POB and POB milk, and 2.5-12.5% fat.
As a result of the rheological analysis, all ice cream samples exhibited shear thinning, solid-like and
recoverable characters, showing that they can be successfully used as an inexpensive raw material source in
the production of full-fat and low-fat plant-based ice cream. There was a significant difference between the
consistency coefficient (K) values of the emulsion samples (p<0.05). The thermal properties of the ice cream
samples were analyzed with a differential scanning calorimeter (DSC). Low-fat POB ice cream stabilized with
3% POB and full-fat POB ice cream showed lower AHf values than samples, indicating that POB ice cream
exhibited the desired thermal properties. No adverse effects were observed on the melting profile and sensory
properties of ice cream samples using POB in ice cream production.

Keywords: Cold-pressed pumpkin seed oil by-product milk, vegan ice cream, DSC, sensory
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FARKLI KURUTMA YONTEMLERININ YABAN MERSINi MEYVESININ KURUMA SURESI,
BiYOAKTIF VE RENK OZELLIKLERINE ETKISi
THE EFFECT OF DIFFERENT DRYING METHODS ON DRYING TIME, BIOACTIVE AND
COLOR PROPERTIES OF BLUEBERRY FRUIT

Muhammed Zahid Kasapoglu
ORCID: 0000-0002-2397-6984
Esra Avci
ORCID: 0000-0003-0317-2118
Osman Sagdi¢
ORCID: 0000-0002-2063-1462

OZET

Bu calismada, dondurarak kurutma (FD), 50°C'de ultrason destekli vakumlu kurutma (UAVD), vakumlu
kurutma (VD) ve sicak hava (HAD) kurutma kullanilarak yaban mersini 6rneklerinin kurutma hizi1 ve bazi
kalite ozellikleri iizerindeki etkilerinin arastirilmasit amaglanmistir. Farkli kurutma yontemlerinin yaban
mersini meyve Orneklerinin antioksidan aktiviteleri ve renk Ozellikleri iizerine etkileri degerlendirilmistir.
Farkli kurutma yontemleri, yaban mersini Orneklerinin tiim parametrelerini énemli dlglide etkilemistir
(P<0.05). 50°C'de yaban mersini o6rneklerinin kuruma siiresi UAVD, VD ve HAD igin sirastyla 990 dakika,
1050 dakika ve 1170 dakika olmustur. Toplam fenolik igerik (TPC) ve antioksidan aktivite (DPPH ve ABTS
yontemi) analizine gore, FD ve VD diger yontemlere gore daha yiliksek TPC’ye sahiptir. Diger kurutulmus
orneklerle karsilagtirildiginda FD en yliksek renk kalitesine sahipken, VD HAD'a gore daha kisa kuruma siiresi
gostermistir. Yaban mersinin kurutulmasinda daha ytiksek biyoaktif bilesen, daha iyi renk ve ylizey kalitesi
nedeniyle HAD teknigine bir alternatif olan UAVD, VD teknigi ile yaban mersini meyvesinin kurutulmasinda
farkli kurutma tekniklerinin kullanilabilecegi One siiriilmiistiir. Bu nedenle, yaban mersini meyvesini
kurutmak i¢in UAVD ve VD basariyla kullanilabilir ve daha yiiksek kurutma hizi ve biyoaktif bilesikler
korunabilir.

Anahtar Kelimeler: Kurutma, Fenolik, Vakum Kurutma, Ultrason

ABSTRACT

In this study, it was aimed to investigate the effects of freeze drying (FD), ultrasound assisted vacuum drying
at 50°C (UAVD), vacuum drying (VD) and hot air (HAD) drying on the drying rate and some quality
properties of blueberry samples. The effects of different drying methods on the antioxidant activities and color
properties of blueberry fruit samples were evaluated. Different drying methods significantly affected all
parameters of blueberry samples (P<0.05). The drying time of blueberry samples at 50°C was 990 minutes,
1050 minutes and 1170 minutes for UAVD, VD and HAD, respectively. According to total phenolic content
(TPC) and antioxidant activity (DPPH and ABTS method) analysis, FD retained more bioactive compounds
than other methods, followed by VD. Compared to other dried samples, FD had the highest color quality,
while VD showed shorter drying time compared to HAD. It has been suggested that different drying
techniques can be used in the drying of blueberry fruit with the UAVD, VD technique, which is an alternative
to the HAD technique due to its higher bioactive component, better color and surface quality in the drying of
blueberry. Therefore, UAVD and VD can be successfully used to dry blueberry fruit, and higher drying rate
and bioactive compounds can be preserved.

Keywords: Drying, Phenolic, Vacuum Drying, Ultrasound
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JOHNSON COOK MODEL PARAMETRELERININ BELIRLENMESI
DETERMINING THE JOHNSON COOK MODEL PARAMETERS

M. Said Bayrakhlar
ORCID: 0000-0002-5365-4441

OZET

Sonlu elemanlar yontemi, farkli yiikler altindaki dinamik tepkiyi anlamaya yardimci olacak etkili ve diisiik
maliyetli bir yol olarak genis ¢apta kabul gérmektedir. Bu yontem, pahali deneyler yapmak yerine az sayidaki
deneyle dogrulanmis bir model iizerinden sonsuz sayida deney yapma imkani sunmaktadir. Ancak oncelikle
malzemenin davraniginin tanimlanmasi gerekmektedir. Mekanik yiiklere maruz kalan malzemeler 6nce elastik
sonra plastik sekil degistirir ve nihayetinde kopar. Malzemenin elastik davranisi lineer oldugundan Hooke
kanunuyla modellemek miimkiindiir. Ancak akma noktasindan sonra plastik bolgeye gecilir ve lineerlik
bozulur. Hooke kanunu plastik bdlgedeki davranisi modelleyemeyeceginden yeni modellere ihtiya¢ duyulur.
Bu modellerden birisi de Johnson Cook modelidir. Johnson Cook modeli, ¢esitli yiikleme kosullar altinda
malzemelerin davranigini tahmin etmek igin genellikle sonlu elemanlar analizlerinde kullanilmaktadir.
Johnson Cook model parametreleri, tasarim miihendislerinin hem deneylerde hem de simiilasyonlarda farkli
calisma kosullarinda malzemenin plastik davranisi lizerindeki deformasyon miktarinin, genleme hizinin ve
sicakligin birlesik etkisini analiz etmesi i¢in ¢ok dnemlidir. Johnson Cook modelinde A, B, C, n ve m olmak
iizere toplam 5 parametre bulunmaktadir. Bu parametreler veya bagska model parametreleri olmadan Ansys
gibi simiilasyon programlarinda dinamik analiz yapmak miimkiin degildir. Bu parametreleri bulmak i¢in farkl
genleme hizlarinda ve farkl sicakliklarda mekanik testler yapmak gerekmektedir. Referans genleme hizinda
yapilan mekanik test sonucundan akma gerilmesi ve nihai gerilme sirasiyla A ve B parametrelerini
olusturacaktir. Referans genleme hizinda yapilan mekanik test sonuglarindan n parametresi, farkli genleme
hizlarinda yapilan mekanik test sonuclarindan C parametresi ve farkli sicakliklarda yapilan mekanik test
sonuglarindan m parametresi dogrusal olmayan GRG yontemiyle bulunur. Bu c¢alismada, ANSYS'de
kullanilan Johnson Cook model parametrelerinin nasil elde edilecegi agiklanacaktir.

Anahtar Kelimeler: Johnson Cook model, Dinamik deformasyon davranmiglari, Genleme hizi, Sonlu
Elemanlar Analizi

ABSTRACT

The finite element method is widely accepted as an effective and cost-effective way to help understand the
dynamic response under different loads. This method offers the opportunity to perform an infinite number of
experiments on a model that has been validated by a small number of experiments, instead of expensive
experiments. However, first of all, the behavior of the material needs to be defined. Materials subjected to
mechanical loads deform first elastically, then plastically, and eventually failure. Since the elastic behavior of
the material is linear, it is possible to model it with Hooke's law. However, after the yield point, the plastic
region is passed and the linearity is deteriorated. Since Hooke's law cannot model the behavior in the plastic
region, new models are needed. One of these models is the Johnson Cook model. The Johnson Cook model is
often used in finite element analysis to predict the behavior of materials under various loading conditions.
Johnson Cook model parameters are crucial for design engineers to analyze the combined effect of the amount
of deformation, strain rate, and temperature on the plastic behavior of the material under different operating
conditions, both in experiments and simulations. The Johnson Cook model has a total of 5 parameters, A, B,
C, n and m. Without these parameters or other model parameters, dynamic analysis is not possible in
simulation programs such as Ansys. To find these parameters, it is necessary to perform mechanical tests at
different strain rates and different temperatures. The yield stress and ultimate stress will form the parameters
A and B, respectively, from the mechanical test result at the reference strain rate. The n parameter from the
mechanical test results at the reference strain rate, the C parameter from the mechanical test results at different
strain rates, and the m parameter from the mechanical test results at different temperatures are found by
nonlinear GRG method. In this study, it will be explained how to obtain Johnson Cook model parameters used
in ANSYS.

Keywords: Johnson Cook Model, Dynamic deformation behaviors, Strain rate, Finite Element Analysis.
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Hiiseyin Albayrak
ORCID: 0000-0001-8275-089X

ABSTRACT
A family F is called a filter on the set N of positive integers if it satisfies the following properties:
(1) @ ¢F,
(2)If A,B € Fthen AN B €F,
(3) If A eFand A < B then B €F.
Let (X, py) be a metric space and let (x,,),ey be @ sequence in this space. The sequence (x,,) is said to be
filter convergent (briefly, F-convergence) to the number x € X if for every € > 0 we have
{n € N: py(x,,x) < e} €F.
In this case we write F— lim x,, = x.

n—-oo
Let r > 0. The sequence (x,,) is called rough filter convergent (briefly, r-F-convergence) to x € X by r
roughness degree, if
fneN:py(x,x) <r+e}eF
for every € > 0. Then we write r-F— lim x,, = x.

n—-oo

In this work, we introduce the concepts of rough filter pointwise convergence (briefly, r-F-pointwise
convergence), rough filter uniform convergence (briefly, r-F-uniform convergence) and rough filter a-
convergence (briefly, r-F-a-convergence) for the sequences of functions defined on metric spaces. In addition,
we define the concepts of rough exhaustiveness (briefly, r-exhaustiveness) and rough filter exhaustiveness
(briefly, r-F-exhaustiveness) by generalizing the concept of exhaustiveness. Then the relationships between
these types of convergence and their classical versions are given. Similarly, we give the relationships among
exhaustiveness, r-exhaustiveness and r-F-exhaustiveness. Moreover using the concept of exhaustiveness, we
examine the relationships among r-F-pointwise convergence, r-F-uniform convergence and r-F-o-
convergence. Finally, we give some results related to rough continuity of the limit function using these types
of convergences

Keywords: Rough filter pointwise convergence, rough filter uniform convergence, rough filter o-
convergence, rough exhaustive, rough filter exhaustive
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USE OF DIFFERENT SUPPLEMENTS IN CONVENTIONAL AND NON-CONVENTIONAL
PLANT BY-PRODUCTS BASED AQUA-FEEDS

Syed Makhdoom Hussain

ABSTRACT

In the current talk will discuss about the use of conventional and non-conventional plant by-products in aqua-
feeds to promote the sustainable production of multiple fish species in aquaculture. The development of
sustainable protein sources to substitute fish meal in aqua-feeds is critical to the continued growth and
intensification of aquaculture productivity. Fish feed plays an important role in the growth of the aquaculture
industry. Fishmeal (FM) has been employed as the principal protein element in aquaculture because of its
beneficial essential amino acids, high digestibility, and palatability. Fishmeal prices are expected to rise by
20% between now and 2030 because of rising demand and increased output. This requires the search for better
FM alternatives for long term aqua-feed production. In this light, much efforts have been conducted to seek
the sustainable supplies of protein sources to substitute FM. Good nutrition in production systems is essential
to economically produce a healthy, high product the first consideration for formulation of feed is the quality
of the feed ingredients. Use of plant protein source in the feed industry has been in practice for various
advantages such as sustainability, availability, cost effectiveness etc. Because of their high protein content,
excellent amino acid profile, low cost, and year-round availability, they are commonly utilized as a cost-
effective alternative to high-quality fish meal in diets for many aquaculture fish species. Moringa oleifera leaf
meal, Moringa oleifera seed meal, Canola meal, Sunflower meal, and Cottonseed meal have all been studied
extensively. Different supplements, such as enzymes, probiotics, organic acids, and Nano-particles, are also
given to fish meals in addition to plant by-products. All of these factors help fish species enhance their growth,
nutrient digestibility, and body composition.

Keywords: plant by-products, replacement, feed formulation, cost effective, environment friendly
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NUMERICAL SIMULATION OF A NEW HETEROSTRUCTURE CIGS/GASE SOLAR CELL
SYSTEM USING SCAPS-1D SOFTWARE

Mohamed Al-Hattab
L’houcine Moudou
Khalid Rahmani
Omar Bajjou
Younes Chrafih

ABSTRACT

This paper presents numerical studies of the novel heterostructure (Mo/CIGS/GaSe/ITO and
ITO/GaSe/CIGS/CIGS-HTL/Mo) of the GaSe-based solar cell using the SCAPS-1D simulator. The
objective of this research is to explore the influence of different parameter on the performance of the
proposed cell. Based on the proposed device architecture, the effects of thickness, carrier concentration,
working temperature and resistors R, and R, are investigated for improving cell performance. The
performance of the cell was found to depend on the concentration of carriers and the thickness of the
GaSe-ETL (Electron transport layer) electron transport layer, CIGS absorber layer and CIGS-HTL (Hole
transport layer), respectively. The open circuit voltage of the proposed cell was increased to 309 mV
after using CIGS-HTL, indicating a significant reduction in the rate of surface recombination at the
CIGS/electrode interface. An efficiency improvement of about 10.06 % was observed after using CIGS-
HTL in the GaSe-based heterojunction solar cell.

Keywords: SCAPS-1D; CIGS; CIGS-HTL; GaSe-ETL; heterojunction solar cell;
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FIRST-PRINCIPLES CALCULATION OF THE STRUCTURAL, ELECTRONIC AND OPTICAL
PROPERTIES OF GASE1xSx (X =0, 0.25, 0.5 AND 1) COMPOUNDS

Mohamed Al-Hattab
Essaadia Oublal
Mustapha Sahal

L’houcine Moudou
Omar Bajjou
Khalid Rahmani

ABSTRACT

The industry has long sought ever more efficient materials, allowing it to meet market demand. For this
purpose, doping remains a good choice for improving the properties of a material. The structural, electronic,
optical properties of the GaSe1-xSx (X = 0, 0.25, 0.5 and 1) compounds are studied using the pseudopotential
method of first principles in the Density Functional Theory using CASTEP code. The calculated results show
that the lattice constants of ¢-GaSe decrease as function of the impurity concentration increases. Also, the
increase of doping by the sulphur leads to a decrease of Dca-x and an increase of Dca-ca. The values of the gap
energy are increased with the increase in sulphur content. For optical calculations the results show the
appearance of an absorption peak in all GaSe1-xSx (X = 0, 0.25, 0.5 and 1) structures, with different intensities
and a shift of the band to lower wavelengths when the doping content by the sulphur is increased. The insertion
of the sulphur atom reduces the refractive index of e-GaSe, and increases its birefringence which is important
for non-linear optics applications. Raman lines move to higher frequencies with increasing sulphur content
indicating a change in the crystal structure of e-GaSe.

Keywords: GaSe1xSx; structural property; electronic property; optical property; DFT
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IDENTITY AND DISTRIBUTION OF LARVAL AND ADULT MOSQUITO SPECIES IN ZANGO
LOCAL GOVERNMENT AREA, KATSINA STATE, NORTH-WESTERN NIGERIA

Yusuf Rabe
Yusuf Muhammad Sanyinna
Abdulhamid Ahmed

ABSTRACT

Mosquitoes (Diptera: Culicidae) transmit several most important life-threatening infectious diseases
worldwide, including Malaria, Encephalitis, Lymphatic Filariasis, West Nile Virus, Chikungunya, Yellow
Fever, as well as Zika and Dengue Virus. This study examined the identity and distribution of larval and adult
mosquito species in Zango Local Government Area, Katsina State, North-Western Nigeria. This is a
descriptive cross sectional research that employed survey and laboratory practical to generate data. Four
communities (Rogogo, Yardaje, Rindi and Zango) in the study area were randomly selected for the study.
Eight houses were randomly selected from each community for entomological studies of indoor-biting and
resting mosquitoes. Ladles/pipetting were used for collection of larvae in small ground pools, earthen pots and
discarded tyres whereas dipping method was used to collect larvae in large breeding sites such as pond and
dams. MS-Excel and Graph Pad Instat software were used for data analysis. Five hundred and thirty-one (531)
mosquito larvae and 785 adult mosquitoes were collected from 35 breeding sites and 32 households
respectively. Majority of the larvae collected belong to the genus Anopheles with A. gambiae species
accounting for 56.3%. The adult mosquito species collected were identified as: Anopheles gambiae (69.2%),
Anopheles arabiensis (5.7%) and Anopheles funestus (4.5%), while non-malaria vectors were: Culex
quinquefasciatus (14.4%) and Aedes aegypti (6.2%) respectively. This study provides a baseline data on the
mosquito vector species (especially Anopheles) in the area. Proper environmental sanitation, proper sewage
system, clearing bushes around the houses and any possible mosquito breeding sites are therefore,
recommended.

Keywords: Identity, Distribution, Mosquito; Malaria; Zango Local Government Area.
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ELECTRON-IMPURITY CONFINED IN QUANTUM DOST DISK-SHAPED: INVESTIGATION
OF ELECTRONIC PROPERTIES

Ibrahim Maouhoubi
ORCID: 0000-0002-7331-329X

ABSTRACT

In this work, we investigate the influence of the hydrostatic pressure, magnetic field, and conduction band
non-parabolicity on both the diamagnetic susceptibility and the binding energy of shallow donor impurity in
a quantum disk made out of GaAs. The Hamiltonian of the investigated problem has been solved within the
framework of the effective-mass approximation. The energy minimization has been performed using
variational approach. Our results reveal that both the diamagnetic susceptibility and binding energy have been
reduced with increasing the disk size. Moreover, the diamagnetic susceptibility increases as the impurity
moves from the extremity to the center of the disk. However, both the diamagnetic susceptibility and binding
energy have been improved under applied magnetic field, hydrostatic pressure, and by considering the
conduction band non-parabolicity model as well. We hope that the reported results will be a modest
contribution to further theoretical research in the field of nanostructures.

Keywords: Quantum disk; Hydrostatic pressure; Magnetic field; Non-parabolicity; Diamagnetic
susceptibility; Binding energy.
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THE INFLUENCE OF EXTERNAL/INTERNAL CONTRIBUTION ON THE IONIZATION
ENERGY AND DIAMAGNETIC RESPONSE: SIZE AND APPLIED FIELDS

Ibrahim Maouhoubi
ORCID: 0000-0002-7331-329X

ABSTRACT

In this study, the electron-impurity distance and the binding energy of a semiconductor quantum disk made
out of GaAs are theoretically investigated by solving the Schrodinger equation in presence of an external
lateral electric field by considering the position-dependent effective masse and dimension effects. The
calculations have been performed by adopting the variational approach within the effective mass theory
considering an infinite confining potential. Our findings indicate that the size and electric field strength
decrease the binding energy while improving the electron-impurity distance. Furthermore, the incorporation
of the position-dependent effective masse enhances the binding energy but reduces the electron-impurity
distance. Hence, the direction of the lateral electric field plays a significant role in the behavior change of the
quantum disk's binding energy and electron-impurity distance

Keywords: Binding energy; Quantum disk; lateral electric field; donor impurity; position dependent effective
masse.
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PRODUCTION OF B-TYPE NBxTI (X =50 AT%) /SWCNTS INTERMETALLIC MATRIX
NANOCOMPOSITE BY FAST-SPS FOR BIOMEDICAL AND NANOTECHNOLOGY
APPLICATIONS (ITER)

Badis Bendjemil
Khaoula Safi
Ilyas Kouahla
Jacques Guillome Noudem
Mohamed Mouyane
Jérome Bernard
David Houivet

ABSTRACT

The synthesize of B-type NbxTi (x =50 at%) /SWCNTSs intermetallic matrix nanocomposite by mechanical
alloying (MA) to ensurethe effective distribution of single walled carbon nanotubes (SWCNTSs) within the
matrix. It has been stated by several researchers that during ball-milling of NbxTi (x =50 at%) powder
mixtures, Nb-Ti intermetallic compound formation occurs either gradually along milling time, or suddenly
through a mechanically self-propagating reaction (MSPR), which occurs after a ignition time of MA. For this
purpose, 0.4 and 0.8 wt% of SWNTs were added to the powder mixture after the completion of reaction
between Nb and Ti. The resultant powders Nb50Ti intermetallic compound and with an addition of powder
of SWCNTs and then also ball-milled.

Bulk samples were compacted and then sintered by field actived sintering technic spark plasma sintering
method (FAST-SPS) at lower temperature in the range (1273 to 1473 K) with short time that retained the
integrity of SWNTSs in the intermetallic matrix. Structural and characteristics evolutions of the nanocomposites
were investigated by X-ray diffractometery (XRD). field emission scanning electron microscopy (FESEM)
micrographs showed that the offered MA approach caused the SWNTs to uniformly embed in the in situ
synthesized NbTi intermetallic matrix. Meanwhile better distribution of SWCNTSs resulted in higher density
of FAST-SPS-FCT bulk nanocomposite as well as higher hardness up to 2.75 GPa compared to 2.4 of Nb50Ti
intermetallic alloy obtained from the after MA time. The total porosity, compressive strength, and compressive
elastic modulus of the FAST-SPS-FCT manufactured material were determined as 7%, (600 and 120) MPa,
respectively. The alloy’s and its intermetallic nanocomposite have Youngs elastic modulus is comparable to
that of healthy cancellous bone which makes it applicable in the biomedical field.

The in vitro biocompatibility will be performed in the near future. The comparable results for the FAST-SPS-
FCT nanocomposites were 3%, (650 and 130) MPa. The alloy’s elastic modulus is comparable to that of
healthy cancellous bone. This difference in mechanical properties results from different porosity and phase
composition of the bot B-phase NbxTi (x =50 at%) and NbxTi (x =50 at%) /SWCNTSs intermetallic matrix
nanocomposite.

More other nanotechnologies applications of the nanocomposite will be focused in the study of the
superconducting type | for the ITER Poloidal Field Coils by measuring of Jc (T, B) characteristics.
Keywords: - NbxTi (x =50 at%), SWCNTSs, FAST-SPS-FCT, compressive strength, compressiveelastic
modulus, Porosity archetucture, Cancellous bone, ITER Poloidal Field Coils
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QSAR MODELING USING GAUSSIAN PROCESS APPLIED FOR A SERIES OF FLAVONOIDS
AS POTENTIAL ANTIOXIDANTS

Salah Belaidi
Yassmine Chennai

ABSTRACT

For decades, flavonoids have been the core of diverse research, especially for their significant antioxidant
activity. They have several biological activities, and they are used as anticancer, antileishmanial, anti-
inflammatory, and antiaging compounds. However, current researchers are very much interested in the
antioxidant activity of flavonoids since oxidative stress is strongly related to several diseases. In this study,
we have chosen to elaborate on a quantitative structure-antioxidant activity relationship (QSAR) using a
statistical method called Gaussian process (GP). The main advantage of this method compared to other
techniques currently used in QSAR studies is that it does not increase the complexity of learning tests. Typical
QSAR studies use common techniques such as the artificial neural method, multiple linear regression, and
partial least squares regression. The aim of this work was to use a statistical technique little known in
pharmaceutical chemistry, the Gaussian process regression which is rarely used to build a QSAR model.
Finally, we have also demonstrated that GP is reliable and capable of predicting the antioxidant activity with
a respectable record (R 2 pred ) which is equal to 0.86, so it is much higher than the reference value of 0.6.
Therefore, we estimate that this reliable model can be used to predict the antioxidant activity of a series of
new molecules. Also, based on the HC results, our set was divided into four separate clusters according to the
presence of glycosides and the molar weight of the flavonoids.

Keywords: Flavonoids, Antioxidant, QSAR, Gaussian process, PCA, HCA.
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CONTRIBUTION TO DRUG DISCOVERY THROUGH COMPUTATIONAL ANALYSIS OF
SEVERAL SERIES OF HETEROCYCLIC MOLECULES

Chennai Yassmine
Ouassaf Mebarka

ABSTRACT

Breast cancer is the most common type of female cancer. One class of hormonal therapy for breast cancer
drugs -non steroidal aromatase inhibitors- are triazole analogues. In this work a fundamental and original
research was made on the molecule of triazole heterocyclic, whose aim is to predict the reactivity and
biological activity studied of the compound. It is based on different computational and approaches used in
computer aided -drug-design. (SPR, QSAR, molecular docking, ADMET). A study of structure — property
relationships (SPR) for 1,2,3 triazole derivatives has been carried. A linear quantitative structure activity
relationship model is obtained using Multiple Linear Regression (MLR) analysis as applied to a series of
triazole derivatives with inhibitory activity of the aromatase. The accuracy of the proposed MLR model is
illustrated using the following evaluation techniques: cross validation, and external test. Docking process, the
interaction and binding of ligands — protein was done and visualized using software Molegro Virtual Docking.
Molinspiration and ADMETSAR web servers used to calculate ADMET and physicochemical properties of
the target compounds respectively. The results are reported and discussed in the present investigation. A close
agreement with experimental results was found which improves the affinity of the present work.

Keywords: 1,2,3-triazole, aromatase inhibitory, density functional theory, QSAR, MLR, ADMET,

docking molecular
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ONURETIMLi BETONARME BIiNALARDAKI KISA KONSOL ELEMANLARIN
DIFERANSIYEL EVRIM ALGORITMASI KULLANILARAK OPTIMUM TASARIMI
OPTIMUM DESIGN OF RC SHORT CANTILEVER OF PRECAST INDUSTRIAL BUILDINGS
USING DIFFERENTIAL EVOLUTION ALGORITHM

Muhammet Kamal
ORCID: 0000-0001-6648-2346

OZET

Oniiretimli (prefabrik) betonarme yapr tipi, biiyiik agikliklarin gecilebilmesi, hizli yapim siiresi ve kontrollii
kosullarda beton dokiilebilmesi gibi avantajlar1 nedeniyle endiistriyel yapilarda siklikla tercih edilmektedir.
Oniiretimli betonarme elemanlar santiye (saha) ortaminda birlestirilecegi igin bu yapilarda genellikle pimli
(moment aktarmayan) birlesimler tercih edilmektedir. Parca parga iiretilen kolon ve kiris elemanlarinin
birlesim noktalarinda kisa bir konsola ihtiya¢ duyulmaktadir. Bu elemanlar, kirigslerden (mertek veya ving
kirisi vb.) gelen diisey ve yatay yiikleri kolonlara giivenli bir sekilde aktarma konusunda basarilidir. Bu
nedenle, "kisa konsol" olarak adlandirilan bu elemanlar, endiistriyel prefabrik betonarme yapilarda yaygin
olarak kullanilmaktadir. Bu betonarme kisa konsolun tasarimi, yiiklerin giivenli bir sekilde iletilmesinin yan1
sira sinirht kaynaklarin etkin kullanimi adina minimum malzeme ile tasarlanmasi 6nemlidir. Minimum
malzeme kullaniminin hedeflenebilmesi i¢in optimizasyon tekniklerinin tasarim siireglerine dahil edilmesi
gerekmektedir. Bir¢ok karmagik miihendislik probleminin ¢dziimiinde, kolay programlanabilir ve optimum
coziime yakin sonuglar iliretebilmesinden dolay1 sezgisel optimizasyon algoritmalar1 kullamilmistir. Bu
caligmada, betonarme kisa konsollarin optimum tasarimi probleminin ¢6ziimii i¢in Diferansiyel Evrim (DE)
algoritmasi kullanilmistir. Tasarim stirecinde, konsolun kesit boyutlari, U-bi¢imli firketelerin ¢api, gekme ve
etriye donatilarinin sayilar1 ve ¢aplari karar degiskenleri olarak dikkate alinmistir. Toplamda alt1 farkli karar
degiskeni belirlenmistir. Saha ekipleri tarafindan uygulamanin kolay olabilmesi adina, konsolun boyutlar1
kesikli degisken olarak seg¢ilmistir. Beton ve celik malzemelerin minimum maliyette olmasi, tasarim
probleminin amac¢ fonksiyonu olarak belirlenmistir. Tasarim probleminin kisitlarin1 ise TS500° de yer alan
kesme dayanimi ve minimum donati1 gereksinimleri belirlemistir. Bu Caligmada, betonarme bir kisa konsolun
tasarimi, DE algoritmasi kullanilarak minimum maliyet ile basarili bir sekilde gerceklestirilmistir.

Anahtar Kelimeler: Oniiretimli binalar, betonarme kisa konsol, optimum tasarim, diferansiyel evrim
algoritmasi

ABSTRACT

Precast concrete buildings are frequently preferred for industrial buildings due to advantages such as allowing
large spacing to be passed, fast construction time and being cast under controlled conditions. Since the plant-
cast concrete elements will be joined at the construction site, pinned connections (moment-free) are generally
preferred in these structures. A short cantilever is required at the junction points for the connection of the
column and beam elements, which are produced piece by piece. It is successful in safely transmitting the
vertical and horizontal loads from the beams (rafter or crane beam etc.) to the columns. Thus, short cantilever,
called “concrete bracket” or “corbel”, is widely used in industrial precast concrete structures. It is important
that the design of this reinforced concrete (RC) short cantilever is designed with minimum materials for the
efficient use of limited resources as well as the safely transmission of the loads. Optimization techniques need
to be incorporated into the design processes in order to target minimum material usage. In the solution of many
complex engineering problems, heuristic optimization algorithms have been frequently used because they can
be easily programmed and can produce results close to the global optimum solution. In this study, Differential
Evolution (DE) algorithm is used to solve the optimum design problem of RC short cantilevers. During the
design process, the cross-sectional dimensions of the cantilever, the diameter of the U-shaped hairpins, the
numbers and diameters of the tension and stirrup reinforcements were taken into account as decision variables.
In total, six different decision variables were determined. The dimensions of the cantilever have been chosen
as a discrete variable for easily implemented by the field teams. The minimum cost of concrete and steel
materials was determined as the objective function of the design problem. The constraints of the design



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL

SCIENCES
March 04-06, 2023 Mus, TURKIYE

problem were determined by the shear strength and minimum reinforcement requirements in TS500. In this
study, the design of a RC short cantilever was successfully carried out using the DE algorithm with minimum

cost.
Keywords: Precast buildings, RC short cantilever, optimum design, differential evolution (DE) algorithm
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ORGANIC TEMPLATE ASSISTED SUSTAINABLE SYNTHESIS OF FACILE ZNONIOPDO/PD
NANOMATERIAL: ENVIRONMENTALLY BENIGN PHOTOCATALYSTS

Irum Shaheen
Khuram Shahzad Ahmad

ABSTRACT

To contribute to water remediation by degradation of organic pollutants, sustainable and efficient nano-
catalyts are highly desirable. In this regard, mixed metal oxide nano-catalyst of ZnONiOPdO/Pd nanomaterial
was synthesized via organic template for degrade methyl orange (MO) in an aqueous environment. The
organic compounds of A.Pindrow were reacted with the precursor’s solution following the sol-gel synthesis
methodology. We furthered modified the chemistry and morphology of mixed metal oxides with organic
spices. The synthesized nanomaterial of ZnONiOPdO/Pd was characterized by X-ray diffraction, energy
dispersive spectroscopy, Raman spectroscopy, and field emission scanning electron microscopy. We have
not only synthesized nanostructures of ZnONiOPdO/Pd but have successfully functionalized the chemistry of
ZnONIOPdO/Pd via organic compounds. The effect of organic functional groups of incorporated bio
compounds was studied for degradation of MO in the presence of sunlight as well as under dark conditions.
Therefore, bio organic compounds enhanced the active sites of the catalyst for efficient degradation of methyl
orange with the catalytic efficiency of 92% and 82% under light and dark conditions respectively and in
aqueous environment. This degradation efficiency was achieved within 15 minutes for dark conditions and 10
minutes for dark conditions. Such catalytic excellent behavior was ascribed to the synergetic effects of nano-
structures and increased active sites by C and O related functional groups. Consequently, the current work is
envisioned to present the cost effective and sustainable fabrication porous nanoscopic mixed metal oxides
with organic-inorganic framework and projected its practical application nanostructure as photocatalyst for
dye degradation.

Keywords: Inorganic-Organic template; Mixed Metal Oxide; Nanostructures; Dye degradation; dark
conditions
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NOVELTY IN SOCIETY WITH GREEN REVOLUTION

Shalini Jaiswal
Preeti Singh Bahadur

ABSTRACT

Green revolution is used to manage the surrounding environment and to reduce human inclusion. Green
innovation is thought to be frame stock that can be saved or reused completely. The primary goals of
green advancements are to reduce waste and pollution. It primarily includes regular clean-up stock,
waste, innovations, vitality sources, wear, and a slew of others. Green procedures and advancements
make use of renewable and consistent resources that never deplete. Advancement towards sustainable
development necessitates changes at each residence, as well as on a global scale. The overarching hope
is that this field will inspire curiosity and development changes in the same diurnal lifetime as
information innovation. Furthermore, natural cultivating, unpractised vitality, green building
development, eco-materials, and the creation of applicable stock and materials to help green business are
among the possible regions where these manifestations and development are required to return from. In
this paper, we are proposing the revolutions by counting green part so they will maintain a strategic
distance from surroundings debasement and help to supply a perfect domain for who and what is to come.
The paper conjointly talks about the opportunities and difficulties for un-practiced innovation in a few
areas.

Keywords: Green innovation, Environmental issues, green approach, multi-disciplinary applications
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REDUCTION OF SALMONELLA ENTERITIDIS ON SEABASS (DICENTRARCHUS
LABRAX) BY ATMOSPHERIC PRESSURE AIR AND HELIUM COLD PLASMA
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ABSTRACT

Plasma is an ionized gas composed of reactive oxygen species, 0zone, reactive nitrogen species, UV
radiation, free radicals, and charged particles. The UV light and reactive chemical products are
responsible for decontamination effect of cold plasma. Atmospheric pressure air and helium cold plasma
applications were evaluated as non-thermal decontamination techniques to ensure the safety of fish for
Salmonella. The stationary phase cells of Salmonella Enteritidis (ATCC 13076) were surface inoculated
on 10-gram seabass fillets at a level of 10’ CFU/g. Air or helium cold plasma were applied for 1, 2, 3
and 4 min on inoculated site of fish fillets. The control samples were inoculated with S. Enteritidis but
not treated with cold plasma. Then cold plasma treated samples were homogenized and serially diluted
with maximum recovery diluent. From the appropriate dilutions, 0.1 ml portions were spread on XLT4
agar and incubated at 37°C for 24 h. The helium plasma yielded a higher reduction in S. Enteritidis
count. The reduction rate was gradually increased with the treatment time. After 5 min air plasma and
helium plasma treatments, the total reduction rates were 0.88 and 0.98 log CFU/g, respectively. For
higher reductions, treatment times may be extended, or cold plasma may be combined with other
hurdles.

Keywords: Cold plasma, fish, helium, Salmonella
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RETARDING SPOILAGE AND MAINTAINING THE QUALITY OF SEA BASS USING
ATMOSPHERIC COLD PLASMA
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ABSTRACT

An atmospheric cold plasma-generating device was designed, and the effect of cold plasma on the quality of
seabass was studied. The whole seabass were treated with cold plasma and stored at 2+1°C. The samples
were kept in styrofoam boxes to imitate marketing conditions. The cold plasma was applied to the samples for
either 1 min or 7 min, in order to determine the effect of treatment time. The sensory characteristics of fish
did not get negatively affected by the treatment and even scored higher (P <0.05) than control samples during
storage. Sensory scores of the samples treated for 7 min were higher (P <0.05) than the others during
storage. Higher total color change (AE) was determined in plasma-treated groups. The longer treatment time
resulted in higher total color change, but panelists did not declare an apparent color change during the
study. The Thiobarbituric acid reactive substances (TBARS) values were below the acceptable limits,
showing no adverse effect of cold plasma treatment on lipid oxidation. The Trimethylamine Nitrogen (TMA-
N) values of the control group were higher than the treated groups. According to the Texture Profile Analysis
(TPA), the texture characteristics of sea bass samples did not change due to the plasma treatment. It was also
determined that the groups treated with cold plasma contained significantly lower (P<0.05) mesophilic and
psychrophilic aerobic bacteria counts during cold storage compared to the untreated control samples. It was
seen that atmospheric cold plasma delayed microbial growth during cold storage, without changing the sensory
characteristics of the whole sea bass. This finding showed that cold plasma could be a promising technology
for the fresh fish industry.

Keywords: atmospheric cold plasma, fish, spoilage, shelf life, food safety
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OPTIMIZATION OF MACHINING PARAMETERS IN TURNING OF INCONEL 718 WITH
CERAMIC COMPOSITE TOOLS USING VIKOR METHODOLOGY

Hanane Boumaza
Salim Belhadi
Mohamed Athmane Yallese
Abdelkrim Haddad
Hadjela Salah

ABSTRACT

Inconel 718 is a nickel based super alloy that can withstand significant mechanical stress and strain while
resisting corrosion and creep. Due of their desirable properties represented mainly by high mechanical
strengths, corrosion resistance, heat and fatigue resistance and low thermal conductivity, such nickel based
alloys are widely used in the manufacture of aircraft, rocket and submarine engine components. These much
sought characteristics are unfortunately responsible for its poor machinability. This is mainly why numerous
investigations have been and are being carried out on the machining of Inconel 718 under different cutting
and lubrication conditions and by using different type of cutting tools. The present study focuses on an
experimental investigation as well as an efficient approach in order to optimize the turning characteristics of
Inconel 718 through multiple output responses represented by tool wear (Vb), surface roughness (Ra), cutting
power (Pc), cutting temperature (T°) and material removal rate (MRR). A statistical study was made using the
multi-objective optimization method VIKOR in order to study the best combination obtained by this method.
The machining was carried out with a composite ceramic cutting tool (CC670) and the tests are carried out
according to a Taguchi plan (Lis), the objective being the identification of the best combination of cutting
parameters, namely the speed (\Vc), feed (f), depth of cut (ap) and insert radius (r) for the simultaneous
minimization of (Vb), (T), (Pc) and (Ra) and the maximization of (MRR).

Keywords: Machining, Inconel 718, Optimization, VIKOR.
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METRONIDAZOLE ADSORPTION FROM AQUEOQUS SOLUTION USING NANO
CRYSTALLINE CELLULOSE OBTAINED FROM LUFFA AEGYPTIACA SPONGE

Aminu Musa
Maryam Zakari
Ahmed Lawal Mashi

ABSTRACT

Water bodies may contain residues of antibiotics which causes chemical contamination. The design of several
waste water treatment plants may not be able to degrade and eliminate these contaminants completely. Hence
in this study, the removal of metronidazole from aqueous solution using the adsorption method was
investigated. Luffa aegyptiaca sponge was utilized to extract cellulose which was then used to prepare
Nanocrystalline cellulose (NCC) for the removal of the metronidazole. The formed NCC was characterized
by FTIR, BET, TGA & XRD. The BET result showed that NCC of surface area 114 m?/g was formed. On the
other hand, XRD result showed a typical cellulose | crystalline structure. Batch adsorption studies were
conducted to investigate the effects of pH, adsorbent dosage, initial concentration, time & temperature. The
metronidazole adsorption isotherm and kinetic data on the NCC were also analyzed. The results showed that
maximum removal efficiency of 70.2 % was obtained at an initial metronidazole concentration of 50 mg/L,
pH of 7, 0.08 g adsorbent mass and 60 mins contact time. The adsorption process was in agreement with the
pseudo-second order kinetic model and the Langmuir adsorption isotherm. The thermodynamic study revealed
that the metronidazole removal by the NCC was thermodynamically feasible and endothermic in nature.
Keywords: Luffa aegyptiaca, Metronidazole, Adsorption.
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SYNTHESIS AND ACETOACETYLATION OF DIHYDROPYRIMIDINE-2,4-DIONE
DERIVATIVES

Araz Mohammed Faraj
ORCID: 0000-0002-4715-351X
Furgan Aslanoglu
ORCID: 0000-0002-5740-1716

ABSTRACT

Pyrimidine is often called 1,3-diazine due to its six-membered ring and two nitrogen atoms at positions 1,3. It
is a heterocyclic compound with a biologically fascinating skeletal structure. Chemical similarities exist
between the pyrimidine ring and benzene. Pyrimidine, similar to benzene, has an irregular hexagonal shape
and is aromatic in nature, but unlike benzene, pyrimidine is an electron-deficient species similar to pyridine.
In nucleic acid, the nitrogenous bases cytosine, thymine and uracil are examples of naturally occurring
pyrimidine analogs.

A wide range of compounds of biological importance is represented by pyrimidine heterocycles. Numerous
pyrimidine compounds are widely used in pharmaceuticals.! Minoxidil is a widely used hypertension
vasodilator and hair loss treatment. Vitamin B1 treatment for thiamine deficiency. Rosuvastatin is used to stop
heart disease. Fluacrypyrim. fluoxastrobin is used as an estrogen antagonist and is treated as a fungicide.

In this study, different dihydropyrimidine-2,4-dione derivatives (1) were synthesised and their acetyl
acetylation reaction was carried out. In the first step of the study, different dihydro pyrimidine derivatives
were synthesized by the Biginelli method.? Then, these synthesized dihydropyridine derivatives were reacted
with a 2,2,6-trimethyl-4H-1,3-dioxine-4-one compound and acetyl acetylation of dihydropyridines was
achieved.
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Keywords: Dihydropyrimidine-2,4-dione, Acetoacetylation, 2,2,6-trimethyl-4H-1,3-dioxine-4-one
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Yusuf Dogru
ORCID:0000-0002-1875-0243

ABSTRACT
Let (M,g) be a Riemannian manifold. R. S. Hamilton introduced the Ricci flow % = —2Ric(g(t)). The

Ricci flow is an evolution equation for Riemannian metrics. Ricci solitons correspond to self-similar solutions
of Ricci flow. A smooth vector field v on a Riemannian manifold (M,g) is considered to define a Ricci soliton

should a real constant exist 4 such that %Evg + Ric = Ag, where v is vector field, £,g denotes the Lie

derivative of g in the direction of v, Ric is the Ricci curvature. A vector field v on a Riemannian manifold
(M,g) is called recurrent if V,, v = ¢(x;)v, where ¢ is a 1-form and I7is the Levi-Civita connection of g. we
consider some properties of Ricci solitons on Riemannian manifolds and their submanifolds when the potential
vector field is a recurrent vector field. Under some certain conditions, we show that the manifold (or
submanifold) is a generalization of an Einstein manifold. Let (M,g) be a Riemannian manifold admitting an
affine connection, U a parallel unit vector field with respect to the Levi-Civita connection 7and v a recurrent
vector field with respect non-metric affine connection on M. Assume that a 1-form ¢ is the g-dual of v. Then
(M,g) is a Ricci soliton (v,4) if and only if M is a quasi-Einstein manifold.

Keywords: Ricci soliton, Riemannian manifolds, potential vector field, recurrent vector field.
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MICROSTRUCTURE CHARACTERIZATION AND TENSILE TESTING OF HIGH STRENGTH
HYBRID STEEL TO UNDERSTAND THE EFFECT OF ELECTROCHEMICAL HYDROGEN
CHARGING

Halil Yilmaz
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Cem Ornek
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Bilgehan M Sesen
ORCID: 0000-0002-3029-6493
Beste Payam
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ABSTRACT

Nowadays materials are increasingly used under harsh conditions in which the liberation of hydrogen by
electrochemical processes can lead to material degradation due to hydrogen embrittlement (HE). Hydrogen in
metals alters the microstructure; voids, dislocations, cracks, hydrides can be formed, the surface can be
structurally altered, and the strain/stress states within the microstructure can be affected, often resulting in
embrittlement and enhanced susceptibility to localized corrosion. High-strength stainless steels (single/duplex
phase) and high-strength steels (transformation/twinning-induced, low alloy, maraging) are widely used in our
society and are most susceptible to HE, a phenomenon which remained less understood. The amount of
hydrogen in microstructures, that causes HE, can be minor (down to ppb level), sufficient causing catastrophic
failure. The main problem of hydrogen is that it can be easily generated during material fabrication (e.g.,
pickling) and during service (e.g., cathodic protection, corrosion), and that it can be ultra-fast absorbed by
steels and further rapidly diffuse through it.

The aim of the proposed work is to understand hydrogen embrittlement and plastic deformation behaviour of
a 6Cr-5Ni-2AIl-1MoV novel high-strength steel (Hybrid) through tensile experiments. Hybrid steel offers
high-strength by a double-precipitation hardening mechanism of aluminides and carbides, all embedded in a
tempered martensitic matrix. Miniature type tensile specimens in gauge length of 10 mm and 25 mm were
subjected to electrochemical hydrogen charging at -10 mA/cm? for 48 hours followed by tensile testing to
understand the deformation characteristics induced by the presence of hydrogen in the microstructure. The
microstructure with and without absorbed hydrogen was characterized for a comprehensive crystallographic
assessment using the optical, scanning electron microscope and electron backscattered diffraction (EBSD).
The EBSD results showed that the martensite structure formed after solution treatment in Hybrid steel is
predominantly lath type. The deformation behaviour of samples with and without absorbed hydrogen was
tested and found that hydrogen caused HE in the samples with absorbed hydrogen.

Keywords: Hydrogen Embrittlement; Local Plasticity; High-Strength Hybrid Steel, Mechanical Testing
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MONITORING MILK ADULTERATION USING ULTRASOUND TECHNIQUE

Mourad Derra
ORCID: 0000-0003-2395-2859

ABSTRACT

Adulteration in food products means the addition of prohibited substance either partly or wholly for the state
of financial gain or lack of hygienic conditions of processing and storing which leads to the consumer being
cheated. Ignorance of this fact is not fair since this may endanger consumer health.

In the dairy industry, milk quality is measured by criteria such as fat, lactose, protein, and water content. This
later is a property of major importance in milk powders and food products in general. It influences storing
conditions and shelf life as well as textural and technological qualities. On the other hand, when pure milk is
cheated, its physical properties change, such as electrical conductivity, electrical admittance, boiling point,
freezing point, viscosity, etc. During the experiments, milk adulteration was performed by blending variable
amounts, ranging from 87.36% to 93.98% (by dose of 5mL) in volume of water into 91mL of the original milk
sample. Each sample was conducted under different levels of temperatures ranging from 20°C to 40°C, with
a step of 5° C.

In order to evaluate the water content in powdered milk, an ultrasound technique in backscattering pulse echo
mode has been tested and proved to be a simple, fast, inexpensive and non-destructive alternative tool for
evaluating the quality of powdered milk. In addition, our technique involves only one transducer and it is non-
invasive, which is very important in the food industry for hygiene reasons.

Keywords: Milk Adulteration, Pulse-Echo, CND, Ultrasound Parameters
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DIVERSE APPLICATIONS OF OPTICAL FIBER SENSORS

Preeti Singh Bahadur
Shalini Jaiswal

ABSTRACT

The paper focuses on the introduction of fiber optics, a mix of science and fabricating and portrays the
materials generally used for its improvement close by the procedure used to design the strands. It gives an
idea of the materials used for the advancement close by sides and drawbacks related with them and distinctive
components speaking to the spread of brilliant, infrared or clear radiations. An optical fiber made up of a
center conveys the light heartbeats which are utilized for detecting as well as for the brightening reason. Fiber
optic tests experience add up to inward reflection and help in conceivable future biomedical applications to
complete the concurrent gathering and investigation of tests for medicate security assessment. It additionally
helps in the detecting of biomolecules, distinguishing proof of medication atoms, profluent checking and
general pharmaceutical quality control of the item. Tests help in the advancement of energy profile and are
related with short specimen times, permitting the distinguishing proof and estimation more exact and
dependable. The central base turns on the usages of optical strands in the remedial and biomedical field and
expanding the use of the same in pharmaceutical industry as tests in quality control and estimations shape
examination.

Keywords: Fiber optics, Dosage analysis, Glucose sensor, Protein analysis, Pesticide identification,
DNA oligomers
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COMBINING LATE EXHAUST VALVE OPENING AND CYLINDER DEACTIVATION TO
ACHIEVE RAPID AFTER-TREATMENT HEAT UP IN DIESEL VEHICLES

Hasan Ustiin Basaran
ORCID: 0000-0002-1491-0465

ABSTRACT

Exhaust after-treatment (EAT) thermal management is a significant concern for diesel vehicles to meet the
stringent emission norms. Many on-engine measures such as delayed main fuel injection timing, close or late
post-fuel injection and exhaust throttling necessitate undesirable high thermal inefficiency to raise EAT
system temperature above 250°C in automotive vehicles. This work considers to combine late exhaust valve
opening (LEVO) and cylinder deactivation (CDA) to obtain EAT thermal management with a relatively mild
fuel consumption penalty.

At first, LEVO is individually examined at a low-loaded operation condition (1200 RPM speed and 2.5 bar
BMEP) on the 6-cylinder diesel engine model and found to be highly effective to maintain high exhaust
temperature (~ 250°C) and improve EAT get-warm period. However, LEVO-alone mode leads to a dramatic
thermal inefficiency (up to % 5) which may result in elevated NOx rates until EAT unit temperature reaches
250°C. Therefore, secondly, instead of applying LEVO in all 6-cylinders, two cylinders are deactivated (all
valves & fuel injection are switched off) and only the rest of the four cylinders are actively operated in LEVO
mode on the model (LEVO + CDA combined mode). CDA is found to enhance thermal efficiency (close to
% 7) via decreasing the engine pumping loss. That improvement allows LEVO + CDA combined mode to
boost the exhaust temperature above 250°C with much lower fuel injection need compared to LEVO-alone
mode. The fast temperature improvement is attributed to decreased air-to-fuel ratio corresponding to lower
active cylinder (thus, lower airflow) use of the engine. Those passive cylinders cause a serious decline in
exhaust flow rate (close to % 30) which degrades the EAT get-warm period particularly at low EAT bed
temperatures. However, LEVO + CDA combined mode can achieve up to 295°C exhaust temperature with a
limited fuel penalty (up to % 8) which is not possible in LEVO-alone mode with even a significant fuel penalty
rise (% 20). This excessive temperature rise overcompensates the exhaust flow rate reduction due to CDA and
causes elevated heat transfer rates (up to % 143) to the EAT unit. Under the same fuel consumption penalty
(% 8), LEVO + CDA combined mode is advantageous to use as it improves EAT get-hot & stay-hot periods
more than LEVO-alone mode.

Keywords: Late exhaust valve opening, cylinder deactivation, diesel engines, after-treatment systems,
thermal management.
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ATEROSKLEROZ TEDAVISINDE KULLANILMAK UZERE BiTKi EKSTRAKTI iCEREN
NANO iLAC ADAYI GELISTIiRILMESIi VE IN VITRO GUVENLIiGINiN DEGERLENDIRILMESI
DEVELOPMENT OF NANO DRUG CANDIDATE WITH PLANT EXTRACT FORMULATION
FOR THE TREATMENT OF ATHEROSCLEROSIS AND EVALUATING IT'S IN-VITRO SAFETY

Safak Aktas
ORCID: 0000-0002-1900-0196
Yasemin Budama-Kilinc
ORCID: 0000-0003-0601-3091

OZET

Ateroskleroz, kardiyovaskiiler damar hastaliklar1 arasinda diinya ¢apinda yiiksek morbidite ve mortalite
oranlarima sahip olmasi nedeniyle, goriintileme, teshis ve tedavi yontemleri ilizerinde arastirmalarin
yapilmasini gerektiren bir hastaliktir. Mevcut tedavi yontemlerinin yani sira, son yillarda klinik ¢aligmalar:
devam eden olan nano boyutlu ilag formiilasyonlar1 sayesinde gelecekteki tedavi yontemleri umut
vadetmektedir.

Hedera Helix (duvar sarmasigi) anti inflamatuar, anti trombotik, anti mikrobiyal ve anti kanser 6zellikleri
olan, giinlimiizde diyabet, astim, bronsit hastaliklarinin tedavisinde balgam sokiicli ve 6kstiriik kesici olarak
kullanilan, cesitli hastaliklar {izerinde etkinligi hala arastirilmakta olan, genis farmakolojik aktivite
cesitliligine sahip olan bir bitkidir.

Bu ¢alismanin amaci, Hedera Helix (duvar sarmasigi) ekstrakti igeren nano-boyutlu, kontrollii salim 6zelligi
olan formiilasyon gelistirilmesi ve in vitro giivenliginin degerlendirilmesidir. Bu dogrultuda, ikili emiilsiyon
yontemi kullanilarak Hedera Helix ekstrakti (HHE) yiiklii Poly(e-caprolactone) (PCL) nanopartikiil
formiilasyonu iiretilmistir. Nanopartikiil formiilasyonunun karakterizasyonu UV-Vis spektroskopisi ve DLS
yontemleri ile yapilmistir. Ortalama partikiil boyutu, polidispersite indeksi, zeta potansiyel parametreleri
belirlenmistir. Ayrica nanopartikiil formiilasyonunun enkapsiilasyon verimi ve yiikleme kapasitesi
hesaplanmistir. Ek olarak, kontrollii salim 6zelligi olan HHE-PCL nanopartikiil formiilasyonunun in vitro
salim profili belirlenmistir. Uretilen HHE yiiklii PCL nanopartikiil formiilasyonunun in vitro giivenliginin
degerlendirilmesi ve giivenli dozunun belirlenmesi amaciyla hiicre kiiltiiriinde sitotoksisite caligmasi
yapilmistir.

Sonuglara gore, HHE-PCL nanopartikiil formiilasyonunun Zeta-Sizer cihazi ile yapilan analizinde, 202,9
nm’lik ortalama partikiil boyutuna, 0,129 polidispersite indeksine ve -13,8 mV’luk zeta potansiyel degerine
sahip oldugu bulunmustur. Enkapsiilasyon verimi ve yiikleme kapasitesinin sirasiyla, %90 ve %39 oldugu
hesaplanmustir. /n vitro salim profili ¢alismasina gore ilk 5 saat ierisinde HHE nin %25 nin nanopartikiil
formiilasyonundan salindigi, %100’{in ise 72 saat igerisinde salindig1 belirlenmistir. HHE-PCL nanopartikiil
formiilasyonunun sitotoksisitesi MTT testi L929 hiicre hatt1 iizerinde degerlendirilmis ve 0.5 mg/mL’nin
giivenli doz oldugu tespit edilmistir.

Anahtar kelimeler: Ateroskleroz, Nanopartikiil, Hedera Helix, Kontrollii Salim Sistemi, Ila¢ Tasarim, /n
Vitro Hiicre Kiilturi, Sitotoksisite.

ABSTRACT

Atherosclerosis has significant morbidity and mortality rate among the cardiovascular arteries diseases that’s
the why needs searching on the methods of imaging, diagnostic and treatment. Besides current treatment
methods, thanks to nano scale drug formulations which are keep going clinical studies in last years, show
promise future treatment methods.

Hedera helix (lvy) is a plant which has anti-inflammatory, anti-thrombotic, antimicrobial and anti-cancer
properties, is used as an expectorant and cough suppressant in the treatment of diabetes, asthma, bronchitis,
its effectiveness on various diseases is still being researched, and has a large range of pharmacological
activities.

The aim of this study, developing nano-scale formulation with Hedera Helix (Ivy) extract which has controlled
release property and evaluating it’s in vitro safety. In this respect, loaded Poly (g-caprolactone (PCL)
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nanoparticles with Hedera Helix extract (HHE-PCL) formulation were produced with double emission
method. Characterization of nanoparticles formulation were done by UV-Vis spectroscopy and DLS method.
The parameters which are average particles size, polydispersity index and zeta potential were determined.
Also, the encapsulation efficiency and loading capacity of nanoparticles formulation were calculated. In
addition, the in vitro release profile of the controlled release HHE-PCL nanoparticle formulation was
determined. On the purpose of evaluate the in vitro safety of the loaded HHE-PCL nanoparticle formulation
and to determine the safe dose, cytotoxicity study was performed in cell culture.

According to results, the analysis result of HHE-PCL nanoparticle formulation was found to have an average
particle size of 202.9 nm, a polydispersity index of 0.129, and a zeta potential value of -13.8 mV by Zeta-
Sizer device. Encapsulation efficiency and loading capacity were determined as 90% and 39% respectively.
According to the in vitro release profile study, it was determined that 25% of the HHE was released from the
nanoparticle formulation within the first 5 hours, and 100% was released within 72 hours. The cytotoxicity of
the HHE-PCL nanoparticle formulation was evaluated by MTT on the test L929 cell line and 0.5 mg/mL was
found to be a safe dose.

Keywords: Atheroschlerosis, nanoparticles, Hedera Helix, controlled release system, drug design, in vitro
cell culture, cytotoxicity.
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APPLICATION OF ARAS METHOD FOR THE SELECTION OF OPTIMUM PROCESS
PARAMETERS IN TURNING OF AISI 4140 ALLOY STEEL

Hadjela Salah
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Ouelaa Nouredine
Yallese Mohamed Athmane
Safi Khaoula
Hanane Boumaza

ABSTRACT

Turning process is one of the fundamental machining operations and its parameters optimization leads to better
machining performance. This study applies Additive Ratio Assessment (ARAS) method to determine the
optimum process parameters in turning operation of AISI 4140 Alloy Steel, with a coated carbide GC-2025 and
the tests carried out according to the Taguchi design (L16). The process parameters considered are cutting speed
(\Vc), feed rate (ap), and depth of cut (). The objective is to minimize the cutting Force (Fz) and maximize the
Material Removal Rate (MRR) simultaneously. The result revealed that this proposed method is appropriate for
solving multi criteria optimization of process parameters. The highest value of this latter corresponds to the
optimal levels combination of machining parameters. Therefore, the optimal levels combination for a
simultaneous improvement of Fz and MRR was obtained at Vc=250 m/min, f=0.22 mm/rev, and ap=1.4 mm.
The optimized responses found by the use of optimal levels selected by ARAS method grey were Fz=278.45 N
and MRR= 77 cm®/min.

Keywords: AlSI 4140 alloy, Optimization, Taguchi, Cutting Force, ARAS.
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EFFECT OF SPECIFIC SURFACE FOR REMOVAL OF METHYLENE BLUE DYE USING TWO
TYPE OF NATURAL SAND BEFORE AND AFTER GRINDING
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Salaheddine Farsad
Noureddine El Alem

ABSTRACT

The Sand is one of most abundant mineralogical material; it is the matrix of building materials. The sand used
in this study is taken from the Assa region south of Morocco (fine sand) and second one in Zagora region
(wide sand), both of them are using before and after grinding for removal the methylene blue dye. The analysis
of fine sand and wide sand by X-ray diffraction, the fine sand is made of Quartz (SiO2), Muscovite (K
Al2SisAlO10(OH)2) and Albite, calcian ((Na, Ca) Al (Si, Al)3Osg)). The wide sand is composed of quartz, calcite
(Ca Mg (CO0:s3)z2), albite (NaAlSizOs) and dolomite (Ca Mg (COs)2). The grinding is carried out using a ring
mill, installed at the Laboratory of hydrogeology at the Faculty of Sciences of Agadir. The size of the particles
obtained after grinding and less than 10 pum. The grinding of the sand increases the specific surface the
adsorbed quantities of methylene blue. For wide sand and fine sand, the quantities of methylene blue adsorbed
are respectively 2.13 mg/g and 4.27 mg/g, after the grinding of these sands the quantities adsorbed increase.
For wide sand powder, the value is equal to 4.267 mg/g and for fine sand powder, the value is 6.4 mg/g. We
notice that the quantity adsorbed after the grinding of wide sand powder is twice as large and for fine sand
powder, the quantity adsorbed is 1.5 times greater.

Keywords: sand, X-ray diffraction, specific surface, methylene Blue.
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ABSTRACT

This study aimed to improve the performance of MIMO (Multiple Inputs, Multiple Outputs) antenna arrays
for 5G terminals by converting the elements from an L-shape to an H-shape. The proposed antenna array
consisted of four triple-band antennas capable of supporting 5G New Radio (NR), including n77 (3.3-
4.2GHz), n78 (3.3-3.8GHz), and n79 (4.4-5GHz), with a high bandwidth (>1.6 GHz) and high realized gain
(>10 dBi). The study also simulates the return loss coefficients for each element and the isolation factor
between elements to describe their behavior when installed close together in a single device and on a single
PCB. The study evaluates the radiation patterns at several frequencies in the aforementioned fields and
compares the results using HFSS simulation software and CST software.

The results showed that the proposed H-shaped MIMO antenna improved the performance of the 5G
terminal's MIMO antenna significantly. The S11 parameter dropped to -25dB at 3.75GHz, and it decreased to
-26.5 dB at a frequency of 4.85 GHz, while remaining less than -10dB over the entire range of (3.3 to 5GHz)
approximately. These results indicate that the designed antenna is wideband and can be used in 5G terminals.
Overall, the study suggests that by changing the shape of the antenna elements, MIMO antenna arrays'
performance can be significantly improved, leading to better 5G terminal performance.

Keywords: MIMO, 5G, HFSS simulation software and CST software
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SYNTHESIS AND CHARACTERIZATION OF HALOGEN SUBSTITUTED
ORGANIC/INORGANIC HYBRID HALIDEPEROVSKITES

Fageer Muhammad
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Hafiz Badaruddin Ahmad

ABSTRACT

Organic and inorganic hybrid perovskites with advantages of facile processing have emerged as a new classof
revolutionary optoelectronic semiconductors promising for various applications. Perovskite solar cells
constructed with a variety of configurations have demonstrated unprecedented progress in efficiency,
reaching about 20% from multiple groups after only several years of active research. A key to this successis
the development of various solution-synthesis and film-deposition techniques for controlling the morphology
and composition of hybrid perovskites. The rapid progress in material synthesis and device fabrication has
also promoted the development of other optoelectronic applications including light-emitting diodes,
photodetectors, and transistors. Both experimental and theoretical investigations on organic— inorganic
hybrid perovskites have enabled some critical fundamental understandings of this material system. Recent
studies have also demonstrated progress in addressing the potential stability issue, which has been identified
as a main challenge for future research on halide perovskites. Here, we review recent progress on hybrid
perovskites including basic chemical and crystal structures, and chemical synthesis of bulk/nanocrystals. We
also discuss the importance of further understanding of the fundamental properties of hybrid perovskites,
especially those related to chemical and structural stabilities.

Keywords: Perovskite solar cell, film-deposition techniques, crystal structures, light-emitting diodes
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MONITORING OF A PETROLEUM PRODUCT STORED IN A FLOATING ROOF STORAGE
TANK

N. Boughazi
F. Gaci
A. Haddad

ABSTRACT

Today's world is undergoing great changes in technology in all areas. As a result, the need for energy is
increasing for the daily needs of households and industry. The petroleum industry is the strong witness of this
progress, and particularly in Algeria which is one of the first countries exporting hydrocarbons.

In the storage industry it is often necessary to store products that should not be in contact with the air, hence
the idea of making a tank with a floating roof to isolate the stored product from the air.

The control of petroleum products is a necessity in order to get to the national and international standards and
specifications, thus, quality checks have been appealed. These checks can be performed at different points in
the production cycle or transport of the product, including storage locations. The Transportation region
complex controls its stored products (crude oil and condensate) in storage tanks with floating roofs, by taking
samples before and after each movement (receiving, shipping and delivery to ships) in order to make check
quality by laboratory analysis. The objective of this study has been to see the influence of climate on the
specific parameters of crude oil and stored condensate as well as the influence of the storage time on the latter.
Keywords: Control, Analysis and Quality



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE
DESIGN METHOD OF ASYMMETRIC SUPERSONIC NOZZLES
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ABSTRACT

A variety of aerospace applications require the integration of three-dimensional supersonic propulsion nozzles
as the design of their contour contributes greatly to enhance the performances of the propulsive engine. These
include three-dimensional nozzles for propulsion engines having nonsymmetrical area constraints and for
aircraft where airframe/propulsion integration plays an increasingly important role. Several nozzle concepts
that promise a gain in performance over existing conventional ones need to be investigated.

A simple method based on the relatively simple computations of axisymmetric flowfields using a home
developed design computer program based on the method of characteristics is presented, and applied to obtain
wall contours of supersonic nozzles of arbitrary exit cross sections from determined axisymmetric flow-fields
having the required overall nozzle length and exit Mach number from which the desired 3-D shape is later
generated. Choosing the desired cross-section shape at the exit, its geometrical parameters are traced back to
the throat to constitute the walls of the desired supersonic nozzle contour. Using this approach, an elliptical
geometry has been designed and is presented. The preliminary results gathered indicate a smooth transition of
the shapes generated from the throat to the exit of the supersonic section of the nozzles.

Numerical analyses were performed through applying two-dimensional simulation of the axisymmetric nozzle
from which the elliptic nozzle was generated; a detailed analysis of the flowfields within the asymmetric
elliptic nozzle configuration designed will constitute the next step to be carried out.

Keywords: Supersonic flow, design, contour, propulsion, De-Laval nozzle.
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ABSTRACT

Background Inflammation has a main role in the progression of endometriosis. The mechanisms by which
endometriosis induces a chronic pain state remain poorly understood. Unfortunately, there is no known cure
for endometriosis. But you can manage it with medication and at - home treatments. Some findings have
highlighted the main role of inflammation in endometriosis by acting on proliferation, apoptosis and
angiogenesis. The introduction of new agents can be effective in improving the condition of patients; for
example, plants are promising sources of bioactive natural components

Obijectives These natural compounds could be interesting strategies in therapy. While there is no absolute cure
for this condition, some home remedies can relieve pain and discomfort it bring. The purpose of this
presentation is to summarize the potential action of Deniplant nutraceuticals

in endometriosis by acting on inflammation.

Materials and methods The primary symptoms of endometriosis are pelvic pain and infertility. The use of
Deniplant nutraceuticals could be interesting in disease management for women.

Results Treating pain-related aspects of endometriosis would contribute to the improvement of mental health
and daytime function. Because the microbiome can influence inflammation, new therapies can develop
through its natural modulation. There are other options, including natural remedies, herbs like cinnamon twig
or licorice root, or supplements, such as thiamine, magnesium, or omega-3 fatty acids.

Conclusion Deniplant nutraceuticals can downregulate inflammation in endometriosis. Nevertheless, the
limited number of studies focusing on the different interactions of Deniplant nutraceuticals in endometriosis
restricts its clear and immediate use in a therapeutic strategy.

Keywords: endometriosis, diet, Deniplant nutraceuticals
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PREDILECTION OF INDIAN PORTFOLIO FRAMEWORK IN COVID-19 INFODEMIC - AN
ANALYSIS

Jyoti Sinha
Vinod Kumar

ABSTRACT

Investors are confronted with plethora of investment alternatives, to make their money work for them, based
upon desired risk and return availability. An investment portfolio is a manifest of individual's investment
behaviour towards various investment avenues. At this junction of Coronavirus pandemic, the financial
portfolio has been acclimatized to maintain balance and profitability. Therefore, the study proposes to assess
the influence of socio-economic profile during these turbulent times on the investor's awareness, motivation,
risk bearing capacity and attitude towards risk and non-risk mapped financial instruments. A structured
questionnaire was administered to a sample of 168 Indian investors using convenience sampling technique
and parametric & non-parametric statistics was used for delineating the influence of infodemic on behavioural
finance. With worries about a potential stagflation growing, the investors focussed on liquidity instead of
growth and invested more in debt or income schemes.

Keywords: Covid-19, Economic impact, Investment avenues, Behavioural portfolio theory, Risk
management
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ANTIBACTERIAL AND ANTI- OXIDANT ACTIVITIES OF EXTRACTS FROM MEDICINAL
PLANTS

Yassmine Chennai
Assma Fetteh

ABSTRACT

The algerian flora provides a diverse range of aromatic plants with a high therapeutic interest due to their
secondary biologically active metabolites, which have sparked scientific interest.

In this study, we are interested in the plants Ocimum basilicum L. of the Lamiaceae family and Artemisia
campestris A. of the Asteriaceae family, which are well known locally and have a variety of curative properties
in traditional medicine. The first part of this study is devoted to the quality control of the plant powder and
the investigation of the metabolites. The phytochemical screening revealed the presence of flavonoids, tannins,
coumarine, essential oil, and other metabolic compounds.The HE were obtained using hydrodistillation with
a yield of 2.4% for O.basilicum L. and 1.8% for A.campestris A.The phenolic compounds were obtained by a
series of extractions with four solvants of increasing polarity.The concentration of these extracts in total
polyphénols, flavonoids, and tanins was determined by using the reactif Folin Ciocalteu, aluminum trichlorure,
and vanilline with the addition of chlorhydric acid. In the second section, we investigated the antioxidative
capacity of extracts (HE and phenolic compounds) in vitro using the DPPH method.

The results show that our extraits have interesting antioxidant properties, with ethyl acetate being the most
effective.Furthermore, the essential oil has a very low antioxidative activity when compared to the benchmark
for the two plants.

Finally, we assessed the antibacterial activity of our extracts against ten pathogenic bacteria using the MH
diffusion method.

The results show that phenolic extracts of O.basilicum L. have higher activity for HE.Unlike A.campestris A.,
the acétate of éthyle extract is the most active on the majority of Gram+ souches.

Keywords: O.basilicum L., Artemisia campestris A, Antibacterial, oxidant activities
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ABSTRACT

Brinjal (Solanum melongena L.) is a small, short lived perennial herb belongs to the family Solanaceae. It is an
important summer vegetable crop grown throughout the world. Brinjal crops are susceptible to various
diseases caused by biotic and abiotic factors. Among these Collar rot caused by the fungus Sclerotium rolfsii
causes 30-40% yield loss. In the present investigation an attempt has been made to study the in vitro efficacy
of Trichoderma asperellum against Sclerotium rolfsii. The antagonistic effect of Trichoderma asperellum
were observed by the Dual culture technique and Poison food technique under the in vitro conditions. In Dual
culture technique the effective antagonists were selected based on the inhibition to the growth of the
pathogen. In Poison food technique to determine the antagonistic activities of antibacterial metabolites present
in Trichoderma asperellum culture filtrate in different concentration level like as 10%, 20%, 30%.
Keywords: Brinjal, Collar rot, Sclerotium rolfsii, Trichoderma asperellum, Dual Culture technique, Poison
food technique
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ANTIBIOTIC SUSCEPTIBILITY PATTERN OF STAPHYLOCOCCUS AUREUS ISOLATED
FROM COMMONLY SOLD YOGHURTS IN ILORIN METROPOLIS

Majekodunmi Racheal Adedayo
Olupona Risikatun

ABSTRACT

Food safety is the proper food handling procedures applied during food preparation, processing, storage, and
distribution. Microbiological quality and safety of different yoghurts (designated as samples: A, B, C, D and
E sold by street vendors in llorin, Kwara State was assessed. Standard microbiological procedures and
techniques were used to enumerate, isolate, identify and characterize Staphylococcus aureus from the samples.
The bacterial isolates were screened for their sensitivity to common antibiotics using the disc diffusion method
on Mueller-Hiton Agar. The isolates were Staphylococcus aureus. Sample E had the highest bacteria count of
16 X 10! cfu/ml while sample C had the lowest bacterial count of 3 X 10 cfu/ml. The study recorded all the
isolates to be resistant to more than two antibiotics. The result showed that 50 % of the isolates were resistant
to Ampiclox (APX), Zinnacef (Z), Amoxicillin (AM), Ciprofloxacin (CPX), Rocephin (R) while 60 % were
resistant to Septrin (SXT), Pefloxacin (PEF), Gentamycin (CN) and Streptomycin (S). All the isolates were
however, moderately sensitive to Erythromycin. In conclusion, isolation of multi drug resistant
Staphylococcus aureus from this yoghurt samples may constitute potential health hazard to consumers,
therefore there is need for routine quality control checks during production, processing and distribution of
these products in order to protect students, pupils and the general public from food borne infection.
Keywords: Staphylococcus aureus, Microbiological safety, Yoghurt, Antibiotics, Resistant, Sensitive
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JAUNDICE AMELIORATIVE ACTIVITY OF F. ALBIDA METHANOL STEM BARK EXTRACT
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Isah Musa Fakai
Maryam Ibrahim Tukur

ABSTRACT

Jaundice is disease caused by accumulation of bilirubin in the blood, treating this type of ailment with
medicinal plants have formed basis in folklore system which has a rapid growing economic importance. This
study aimed to evaluate in vivo jaundice ameliorative activity of Faidherbia albida methanol stem bark extract.
Hepatoprotective and hematological effect were assessed using standard laboratory procedures.
Hepatoprotective effect of Faidherbia Albida methanol stem bark extract revealed a significant (P<0.05)
reduction in serum aspartate amino transferase (AST), alanine amino transferase (ALT) and alkaline
phosphatase (ALP) activities. Moreover, serum total protein (TP) and serum bilirubin concentrations also
significantly (P<0.05) decreased compared to untreated control, but a significant (P<0.05) increases in AST,
ALT, ALP, TB, DB and TP was observed in untreated control compared to normal control. However, a
significant (P<0.05) increased in serum albumin (ALB) was observed in all extract treated groups compared
to untreated control group, while ALB of untreated control significant (P<0.05) decreased compared to normal
control. Similarly, red blood cells and hemoglobin concentrations significantly (P<0.05) increased, whereas
mean cell volume and mean corpuscular hemoglobin significantly (P<0.05) decreased in all the treated groups
compared to untreated control group. In conclusion, the present study, indicated that Faidherbia albida
methanol stem bark extract has jaundice ameliorative potential, hence support the traditional use of this plant
in treating jaundice.

Keywords: Jaundice, Faidherbia albida, in vivo, stem bark
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ISOLATION, IDENTIFICATION AND ANTIBIOGRAM OF BACTERIA FROM SELECTED
FOOD CONDIMENTS SOLD IN ILORIN, NIGERIA

Ajiboye, A.E.
Jimoh, M.O.

ABSTRACT

Condiments are added to food to enhance the aroma and flavour. This improves the taste of food but the
purpose can become defeated when food condiment is contaminated with pathogenic bacteria that result in
foodborne illnesses. The study was aimed at isolating and identifying bacteria from selected food condiments
sold within llorin, Kwara State, Nigeria and also to evaluate their sensitivity to standard antibiotics. Four (4)
different condiments (ginger, garlic, turmeric and dried pepper) were purchased from Oja-Oba, Ganmo and
Yoruba road markets. Isolation and identification were done using standard microbiological methods. Total
bacterial counts were obtained using pour plate method. The antibacterial sensitivity testing of the isolates
against some antibiotics was carried out using standard procedures.

The total heterotrophic and coliform counts ranged from 1.38 + 0.38to 21.52 + 5.31 x 10°cfu/ml and 1.33 +
0.52t0 6.67 + 4.93 x 10°cfu/ml respectively with garlic sample having the highest counts and turmeric sample
having the least counts. Six bacteria were isolated, namely Staphylococcus aureus, Salmonella typhi, Bacillus
sp, Pseudomonas aeruginosa Escherichia coli and Enterobacter sp. Staphylococcus count ranged from 1.00
+ 1.00 to 4.00 £ 1.00 x 10°cfu/ml. Salmonella Shigella count ranged from 1.33 + 0.58 to 4.67 £ 3.06 X
10°cfu/ml. Bacillus sp demonstrated highest level of susceptibility to Ciproflaxacin, Amoxacillin and
Ampiclox (14.00 mm) while Enterobacter sp has the lowest sensitivity to Streptomycin (2 .00 mm). All the
bacterial isolates were resistant to Zinnacef, Rifampin, trimethoprim-sulfamethoxazole and erythromycin. It
can be concluded that these food condiments which are commonly used during cooking can be easily
contaminated by pathogenic bacteria which are multidrug resistant, this can cause a public health hazard.
Keywords: Condiments, foodborne illness, pathogenic bacteria, contamination antibiotics.
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MODELING AND OPTIMIZATION OF SURFACE ROUGHNESS, CONSUMED POWER AND
PRODUCTIVITY DURING DRY TURNING OF GRAY CAST IRON
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Djouambi Nahla

ABSTRACT

Cast irons are mainly used thanks to their low production cost and their mechanical and physical characteristics
equivalent to other metal alloys such as wear resistance, compressive strength, moldability, etc. Cast irons
are used in various important parts of industry, particularly in the automotive industry. In fact, the machining
of gray cast iron with conventional cutting tools such as carbide is severely constrained by the use of low
cutting speeds, which impacts productivity and, therefore, the cost of the machining process. In this work, an
experimental study was carried out in order to assess the performance of cutting materials (CBN 7050, mixed
ceramic 6050, white ceramic 620 and silicon nitride 1690) during dry turning of EN-GJL350 gray cast iron.
The experiments are conducted according to the Taguchi design Ls2 and based on ANOVA approach to
quantify the impact of input factors on the output parameters, namely, the surface roughness (Ra), the cutting
force (Fz) and productivity (MRR). The desirability function method (DF) was used to achieve a multi-
objective optimization, the aim is to obtain optimal cutting regime.

Keywords: Turning, Cutting Material, Cast iron, Modeling, Optimization,
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REDUCTION OF LOCAL SCOUR AROUND SQUARE BRIDGE PIER USING DOUBLE
HOOKED COLLAR AND BAR AS A COUNTERMEASURE

Hafiz Ubaid Ur Rehman
Maaz Khan
Noor Elahi
Ahmad Abdullah
Shees Ur Rehman

ABSTRACT

The scouring around bridge piers has been studied using a variety of methods and approaches. For bridge
erosion, the most serious threat comes from local scour near a bridge's anchorage. One of the most difficult
aspects of pier building is reducing scouring via the use of a variety of countermeasures. Various methods are
used to reduce scouring because of the formation of a vortex and an increase in flow. A square bridge pier is
encircled by single and double hooked collars, which are used to test whether scouring may be reduced
experimentally. Hooked collars are placed at various depths below and above the streambed level to determine
the appropriate depth for reducing scouring to the greatest extent possible. Installing two hooked collars, one
at the streambed and the other 0.5B below the streambed, yielded the best results. Even after 48 hours of
testing, the bottom collar remained intact, suggesting a scouring reduction of up to 58% when compared to a
pier without any protection. Scouring was reduced by 21% and 34% when using a single hooked collar at 0.5B
above the streambed and bed levels. By installing a double-hooked collar at 0.5B above the bed, however, it
is reduced by half.

Keywords: Square bridge pier, bars, scouring, hook-collar, and countermeasure
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ABSTRACT

The ultimate goal for the advent of technology is to better the quality of human life. Artificial Intelligence
(Al) is the computer replication of human acumen procedures to efficaciously resolve issues in engineering.
Appropriate application of Al techniques can be utilized to improve the performance and reliability of any
system including Sensor Network (SN). A Sensor Network consists of thousands of very small stations
called sensor nodes whose function is to monitor record and notify a network system of specific
condition that can make them error free, fast and efficient in almost all aspects. CRULLER et al. (2004)
denote that these stations or devices have very little capability on their own but when they are working
as aggregate, they have substantial processing capabilities. The applications of Wireless Sensor
Networks (WSN) vary but are typically used for monitoring, tracking or controlling of network
systems. This paper is a context review of the efficacy of Artificial Intelligence in Wireless Sensor Networks.
The paper discussed some of the applications of Wireless Sensor Networks, challenges and properties in WNS
network deployment. In order to collect relevant information for the paper discussion, questionnaires were
drafted and administered to respondents using online Google form questionnaire instrument. Responses were
collated and subjected to reliability analysis. Conclusively, the paper inferred that Artificial Intelligence (Al)
has the potentials that can be used to prevent some unknown WSN security problems, find the hidden dangers
in the WSN and overall improve network security to a very great extent.

Keywords: Artificial Intelligence (Al), Wireless Sensor Network (WSN), Technology.

INTRODUCTION

The development and incorporation of computational intelligence (ClI) into the spheres of human endeavor is
channeled towards its betterment. CI denotes the ability of computing objects to learn specific tasks from a
set of data or experimental observation. ClI is characterized with flexibility, self-reliance and robustness
against topology changes, scenario changes and communication failures in sensor networks. A Sensor
Network (SN) is a system consisting of small enumerable stations called sensor nodes. Sensor nodes are
responsible for monitoring, recording and notifying specific condition at the different locations of
other stations. The entire network is under the administration of a base station which is a powerful
data processor and storage center and acts as gateway to another network. Advances in wireless
communications have made WSNs capable of carrying out a host of large-scale decision and
information processing tasks. The applications WSNs varies from tracking, monitoring or
controlling to specific applications including object tracking, traffic monitoring, habitat monitoring,
nuclear reactor control and fire detection. Wireless sensor networks are developed for the maintenance
of condition-based machines because they enable new functionalities and offer significant cost savings.

RELATED LITERATURE

A Sensor Network consists of thousands of very small stations called sensor nodes. According to CRULLER
et al. (2004), these stations or devices have very little capability on their own but when they are working as
aggregate but have substantial processing capabilities. Russell & Norving (2003) state that A multi-agent
system is formed from a number of interacting intelligent systems which can be implemented as a software
program, dedicated computer or robot. O’Hare et al., (2006) opine that the fore going is developed to emulate
the interaction abilities and intellect of a human as Distributed Artificial Intelligence whose objective is
focused on human societies. According to Wang (2016), the manufacturing of robot is necessary as the use
modeling could help to realize human intelligence. Ji (2020) Emphasized that smart devices are produced as
tere is need to simulate human consciousness and thinking processes. Turing (1950), explain further that these
equipments can perform language recognition processing and image recognition its thinking ability can
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correlate with that of humans. According to Yoo & Yoo (2011), wireless sensor network is based on facility
and an organizational network. Wu, et al. (2011), state that these different network sensor nodes are divided
into specific monitoring areas base on their functions. According to Zhang, et al. (2010), the practicability and
performance of the wireless sensor network nodes determines the efficiency and operating costs of the entire
network. In conclusion, Chen, et al. (2010) inferred that low cost nodes and high performance are the key to
designing wireless sensor networks.

Applications of Wireless Sensor Networks

Buratti et al. (2009), state that there is limitless range of the applications of WSNs. The application domains

of WSNs include: -

1. Area Monitoring: In area monitoring, the sensor nodes are deployed over the region where some
phenomenon is to be observed. When the sensors detect the occurrence to be monitored (such as heat,
pressure etc.), the event is reported to the base stations where appropriate actions are taken.

2. Military: WSN is an integral part of military communications, intelligence, control, investigation,
battlefield, surveillance and targeting systems.

3. Transportation: Real time traffic information are composed by WSNs to later communicate
transportation models and keep the drivers alerted of likely congestion and traffic issues.

4. Environmental Applications: Environmental Sensor Networks (ESNs) are fundamentally developed to

cover numerous WSNs application including the sensing of seas, glaciers, oceans, forest, atmosphere,
volcanoes, etc.

5. Medical Applications: Medical benefits of WSNs include investigative, diagnostics and drug
administration in hospital, integrated patient monitoring, tracking and monitoring of patients or
medical practitioners inside the medical facility.

6. Agricultural Applications: The deployment of WSNs into the agricultural sector has been reported to
be significantly useful in areas including irrigation mechanization, resource maintenance, etc.

Challenges in Wireless Sensor Network Deployment

According to Matin & Islam (2012) and Pan, et al. (2003), there are several challenges placed by the

disposition of sensor networks in WSN systems. Viz: -

1. Cost of Production: The cost of the deployment models in the SNs is considerably high. The intended
target price for a NS should preferably be reduced.

2. Scalability: There are different scales of SNs ranging from some nodes to possibly several others. The
protocols positioned in SNs should be unified to maintain and preserve performance effectively.
3. Hardware Limitations: Every NS is expected to have a detecting component, a transmission

component, a processing component and a power source component. In some instant, every extra nodes
emanates with extra cost and amplifies the power consumption rate of the node.

4. The Consumption of Power: The major challenges of WNSs are centered on inadequate power
resources. There is an utmost need to cautiously contemplate on the availability of resourceful energy.

MATERIALS AND METHODS

This paper is a context review of the efficacy of Artificial Intelligence in Wireless Sensor Networks. Some of
the applications of Wireless Sensor Networks, the challenges and useful properties in WNS network
deployment were discussed in the paper. In order to collect important data for the paper discussion, questions
were drafted and administered to respondents using online Google form questionnaire instrument. Responses
were collated and subjected to reliability analysis. The responses gathered were subjected to Cronbach’s alpha
reliability analysis. The result of 0.77 gave a good reliability index of the instrument. The entire exercise took
place within 48 days before completion.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL

SCIENCES
March 04-06, 2023 Mus, TURKIYE
RESULT AND DISCUSSION
Analysis chart 1
58
SA A D SD
What is artificial intelligence (Al)? Response: Al refers to the simulation of
human intelligence in machines that are programmed to think like humans
and mimic their actions

The graph plotted in fig.1 clearly show that a huge number of correspondents sees Al as the simulation of
human intelligence by machines. These machines, according to the respondents are programmed to think like
humans and mimic their actions. The respondents also explain that the term could applicable to any machine
that exhibits traits associated with problem solving.

Fig.2: Chat Analysis

66
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What is the purpose of artificial intelligence? Response:Al enables technical
systems to perceive their environment, deal with what they perceive, solve
problems and act to achieve specific goals.

The graph plotted in fig. 2 depicts a significantly high number of the respondents agree that Al enables
technical systems to perceive their environment, deal with what they perceive, solve problems and act to
achieve a specific goal. The respondents further state that Al functionality display human-like capabilities
including learning, planning, reasoning and creativity.
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Fig.3: Chat Analysis
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What is wireless sensor network? Responce:A self configured networks
develpoed to monitor physical or environmental conditions.

The chat analysis shown in fig.3 depicts that a greater number of the respondents concur with the statement
that a wireless sensor network (WSN) is a self-configured network developed to monitor physical or
environmental conditions. The respondents denoted that a WSN consists of an evenly distributed sensors
including one or more sink nodes.

Fig.4: Chat Analysis
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What is the importance of wireless sensor networks? Response:lIt offers
significant benefits such as energy performance optimization and improved
reliability integrating predictive maintenance.

The graph plotted in fig.4, shows that a higher number of respondents agree that WSNs are faster to install
and much easier to relocate compared to wired solutions. The respondents explain that WSNs are significantly
scalable and offer energy independence and real-time capability when deployed with energy embedded device.

Fig.5: Chat Analysis
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What is the advantage of a wireless sensor network in industrial
applications? Response:WSNs are faster to install and much easier to
relocate compared to wired solutions.

A larger number of the respondents in fig.5 agree with the statement that WSN offers significant benefits such
as energy performance optimization and improve reliability integrating predictive maintenance. The



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

respondents explain further that the potential applications of WSN include industrial, building, transportation
and many more.

CONCLUSION

The discussion in this paper is focused based on Artificial Intelligence in Wireless Sensor Networks. The
paper carefully discussed some of the applications of Wireless Sensor Networks, challenges and
properties in WNS network deployment. The paper affirmed that Artificial Intelligence (Al) has the potentials
that can be used to prevent some unknown WSN security problems, find the hidden dangers in the WSN and
overall improve network security to a very great extent. It is important to note that remarkable advantages
are provided with the applications of WSNs in various domains.
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OZET

Yiiksek basing sikistirma orani ve kolay imal edilebilmesi sebebiyle tercih edilmekte olan santrifii
kompresorler, kiigiik gaz tiirbinlerinin kullanildig1 havacilik uygulamalarinda, turbo sarjla sistemlerinde, gaz
ve petrol endiistrilerinde olduk¢a sik kullanilmaktadirlar. Giiniimiizde ¢ok popiiler olan insansiz hava
araclarinda da yaygm olarak kullamilmaktadir.  Virginia Universitesi Déner Makine ve Kontrol
Laboratuvarinda (ROMAC) test diizenegi tasarlanan ve insa edilen bir endiistriyel boyutlu kompresér bu
caligmada sayisal ¢alismalarin dogrulanmasi igin secilmistir. Bu test diizenegi; kompresor, giris ve ¢ikis
borulama sistemi, basing ve sicaklik Olgerler, debi Olger ve kisma vanasindan meydana gelmektedir ve
maksimum ¢alisma hizinin 23000 dev/dak ve 55 kW’lik gii¢ gereksinimi oldugunu belirtmislerdir. Testleri bu
diizenek ile gercgeklestirilmis olan santrifiij kompresor bu ¢alismada 3B olarak tasarlanmis, tasarima uygun
¢Oziim ag1 olusturulmus ve gerekli smir sartlart ANSYS CFX programi ile tanimlanarak hesaplamali
akiskanlar dinamigi (HAD) analizleri gergeklestirilmistir. Farkli debiler i¢in test ve HAD sonuglari sikistirma
orani goz Oniine alinarak karsilagtirilmistir. %0.35 ile %1.98 araligindaki hata oranlar1 ile HAD sonuglar1 ve
test verileri arasinda biiyiik bir uyum elde edilmistir.

Anahtar Kelimeler: Santrifiij Kompresor, HAD, Akis Gézlemi, Modelleme, Aerodinamik

ABSTRACT

Centrifugal compressors, which are preferred due to their high-pressure compression ratio and easy
manufacturing, are frequently used in aerospace applications where small gas turbines are used, turbocharger
systems, gas, chemical, and oil industries. It is also widely used in unmanned aerial vehicles, which are very
popular today. An industrial-sized compressor, designed, built, and commissioned in the University of
Virginia Rotary Machinery and Control Laboratory (ROMAC) test setup, was chosen in this study to validate
the numerical studies. This test setup; consists of a compressor, inlet, exhaust piping system, pressure
transducers and thermocouples, orifice flow meter, and throttling valve, and they stated that the maximum
operating speed is 23000 rpm and power requirement of 55 kW. The centrifugal compressor, whose tests were
carried out with this device, was designed in 3D in this study, a grid structure suitable for the design was
created, and the necessary boundary conditions were defined with the ANSYS CFX program and
computational fluid dynamics (CFD) analyzes were carried out. The test and CFD results for different mass
flow rates were compared considering the compression ratio. A good agreement between CFD results and test
data was obtained, with error rates ranging from 0.35% to 1.98%.

Keywords: Centrifugal Compressor, CFD, Flow Observer, Modeling, Aerodynamics

INTRODUCTION

Compressors are virtual machines in modern industrial processes for pressurizing and transporting gases and
liquids. They are vital to the operation of essential energy sectors such as oil, gas, mining, nuclear, and
hydropower. In addition, compressors are central components of heating, ventilation, and air conditioning
systems for homes and commercial buildings [1]. In general, compressors can be categorized under two basic
types, positive displacement and dynamic. Positive displacement compressors include piston, screw, vane,
and lobe compressors. Axial and centrifugal compressor types are dynamic compressors [2]. Centrifugal
compressors essentially increase the kinetic energy of the fluid by using a rotating impeller [3]. Centrifugal
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compressors have many advantages, such as robustness, compactness, reliability, resistance to foreign object
damage, and wider operating range.
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Figure 1. Performance Characteristics of VVarious Compressor Types [2].

Swain D. et al. used computational fluid dynamics to numerically model four impellers with varying
geometries, speeds, and performance characteristics to examine the performance implications and limitations
of changing the impeller geometry with the flow or axial correction. They demonstrate that axial correction is
an effective method to change the design of a centrifugal compressor [4]. Hadavandi R. et al. aimed to support
future numerical simulations by providing as experimentally complete boundary conditions and validation
data as possible [5]. Li J. et al. studied the mathematical model of the flow field in the centrifugal compressor
of the turbocharger. Based on computational fluid dynamics theory, the performance curves and parameter
distributions of the compressor were obtained from 3D numerical simulation using CFX. Meanwhile, the
effects of mesh number and distribution on compressor performance were investigated, analyzed, and verified
by combining numerical calculation methods with test data. They showed that the increase in mesh number
had little effect on compressor performance [6]. Optimization between aerodynamic performance and
structural reliability is critical to achieving the maximum potential of compressor performance. Xu C. et al.
used an aerodynamic and structural integration process to design a single-stage centrifugal compressor. They
built and tested their design and stated that it showed very reasonable agreement with the analyses [7]. The
inertia of the compressor significantly affects the airflow and, thus, the dynamic system behavior after a certain
load stage [8]. In order to increase its efficiency, the Eckardt O rotor was optimized by changing the blade
angle distribution. Elzahaby A. M. et al. performed the optimization process using an automated procedure
performed within the ANSYS workbench. They compared the performance of the optimized and original
designs, both qualitatively and quantitatively, and reported that the optimized design efficiency increased
successfully from 87,994% to 88,481%, according to the CFD results [9]. Aghaei Tog et al. tried to explain
how to design and model a good compressor with a CFD model and to explain inconsistencies between testing
and 3D analysis. Only one impeller vane model was used to compare the 1D design data obtained from the
developed centrifugal compressor design code. The numerical results of the performance data indicated that
the experimental data were in good agreement with the experimental data at and near the highest efficiency
operating point [10]. Ozer A. C. et al. performed performance tests of radial compressors used in turbojet
engines capable of producing 0.15 KN thrust. They said the performance map was obtained by measuring the
compressor efficiency, pressure increase rate, mass flow rate, and revolution number simultaneously under
different operating conditions [11]. Rossbach T. et al. presented the first experimental performance data for a
midstage centrifugal compressor test rig built at RWTH Aachen University and designed the measurements
based on numerical calculations. Analyzed performance based on a compressor map for design speed
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supported by detailed measurements within the diffusion system. They stated the negative effect of the return
channel on stage efficiency and pressure recovery at high flow rates [12]. Mostefa B. et al. developed a general
analysis and optimization approach in the design and performance analysis of centrifugal turbomachines.
Based on different methods, from a one-dimensional approach to the three-dimensional study of internal flow.
They have developed a procedure for predicting performance as well as for predicting and understanding
events related to the operation of turbomachines. They said they managed to control the aerodynamic profile
of the centrifugal compressor impeller blades by changing the number of blades [13].

MATERIAL AND METHOD

An industrial-sized compressor, whose test setup was designed and built by the University of Virginia
Rotary Machinery and Control Laboratory (ROMAC), was chosen in this study to validate the numerical
studies. The test setup is shown in Figure 1 and consists of a centrifugal compressor, diffuser, exhaust piping
system that forms the plenum volume, and a throttle valve for flow control.

o

' Figure. 2. Experimental compressor setup.
Table 1 shows the design and performance parameters of the selected centrifugal compressor.

Tablo 1. Compressor Design Parameters

Parameter Value
Maximum speed (RPM) 23000
Design mass flow rate (kg/sec) 0.833
Design pressure ratio 1.68
Inducer hub diameter (mm) 56.3
Inducer tip diameter (mm) 116.72
Impeller tip diameter (mm) 250
Piping diameter (m) 0.203
Inlet piping length (m) 5.2
Exhaust piping length (m) 21.3

They used a total of 12 pressure transducers in the compressor and throughout the piping and obtained the
measurements from these. They also used an orifice flow meter to measure the flow.
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Computational Fluid Dynamics
Since the model to be designed is a compressor, Vista CCD (Vista Centrifugal Compressor Design) in Ansys

workbench was used. In this module, the desired design inputs, such as total pressure ratio, mass flow, shaft
speed, isentropic efficiency, inlet temperature, and inlet pressure values, are entered, as shown in Figure 3. In

the second step, gas properties, ideal air is selected.
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Figure 3. Vista CCD module and entered values

In the next step, in the geometry part, the design dimensions of the hub diameter, shroud diameter, tip
clearance, number of blades, and number of splitter blades are entered. Figure 4 shows the Geometry part and
the entered values. After the design inputs were defined, the calculation in the SI unit was tried, and the
analysis of the meridional flow and the blade design was carried out.
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Figure 4. The geometry part of the Vista CCD module and the entered values

Since the structure to be designed is the blade, the BladeGen module that serves this purpose is used, and thus
the blade design can be done much more precisely and quickly. If the expected values are not obtained after
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the computational fluid dynamics analysis (CFD), the design can be easily changed from here. Blade
characteristics, the number of the blade, and the meridional flow profile are defined. The blade structure was
adjusted using the M-prime (leading edge to trailing edge) angles in degrees. While adjusting the blade
structure, beta and theta curves were used, and bezier control points were selected from the spline curve and
bezier control points as control points. In addition, a more understandable design was obtained by making the
number of points five instead of four.

TurboGrid

Turbogrid module was used to create the mesh structure for the centrifugal compressor. The first element
offset method is used for boundary layer improvement control, and the y+ method is used for element size
close to the wall. The program solves conservation equations for each element created. Creating the correct
number of mesh ensures that the analysis is solved faster and without problems. Due to the high speed in
turbomachines, there is a need for a large number of high-quality mesh. The mesh created for the compressor
is shown in Figure 5. It is observed that there is a more frequent and dense mesh structure around the blade.
The mesh consists of tetrahedral elements, and therefore the analyzes take longer. Thus, it is expected that the
analysis will yield more accurate results.

Figure 5. Mesh structure in turbogrid

CFD Analysis

Computational fluid dynamics analyses of the mesh structured design were performed using CFX-Pre. The
machine type and coordinate system were entered into the compressor in the ANSYS CFX module. Rotation
speed and direction are entered, and necessary physical definitions are made. CFX uses various equations to
do solutions. These equations are continuity equation, momentum conservation, and energy conservation. For
the flow analysis, 0 atm was chosen as the reference pressure to the basic settings, rotating as the working
area, and the turbulent flow model was chosen for the flow model. Since there are many turbulence models in
the program, a literature search has been carried out, and the most common k-g and k-w models, have come
to the fore. Since the turbulence model directly affects the results, the use of the correct turbulence model is
very important. Various analyzes were carried out by choosing the k-w SST model, which is preferred in
aviation applications. The k-w SST model is a mixture of k-w and k-& models as a model. While the k-w
model makes sensitive solutions for areas close to the wall, the k-¢ model makes more sensitive solutions in
areas away from the wall. In flow analysis, the fluid input boundary type for input and output zones were
selected as input and output boundary types. According to these changes, the CFX setup is shown in Figure
6.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

Figure 6. CFX Setup Image

RESULTS AND DISCUSSION
As a result of the analysis, the performance result table of the compressor is shown in Table 2.

Table 2. Compressor Performance Results

Parameter Value
Rotation speed [radian s"-1] 1829.77
Mass flow rate [kg s™-1] 0.8056
Inlet volume flow rate [m”3 s"-1] 0.6578
Input Power [W] 19438.8
Work Input Coefficient 0.5721
Total pressure ratio 1.2999
Total temperature ratio 1.0834
Total isentropic efficient 93.3362

After the analysis, the isometric three-dimensional view of the compressor is seen.
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Figure 7. Three dimensional isometric image of the blade

The mesh structure used in the analysis is shown in Figure 8. As can be seen, there is a frequent grid structure
near the blade.

Figure 8. Mesh structure

Figure 9 shows speed vectors 50%. We can say that it shows a similar structure in parallel with the Mach
number contour. It is seen that there is a regular flow area.
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The results of the compressor, which we made a numerical analysis, and the results of the experimental
compressor are seen in Table 3.

Table 3. Pressure Rates percentage comparison

Analysis Mass Analysis Pressure Experimental Pressure Experimental Mass Error
flow ratio ratio flow %
0,341 1,414 1,386 0,341 1,98
0,377 1,4011 1,385 0,377 1,15
0,428 1,3878 1,383 0,428 0,35
0,509 1,3691 1,38 0,509 0,80
0,622 1,3383 1,355 0,622 1,25
0,789 1,2999 1,306 0,789 0,47
0,969 1,2397 1,223 0,969 1,35

As can be seen from Table 3, the highest 1.98 %and the lowest 0.35 %error are between experimental results
and numerical analysis results. The graphical demonstration between analysis results and experimental results
in different mass flow rates at 17473 RPM speed is shown in Figure 10. Likewise, the mass flow rate and
pressure ratios at 16290 RPM and 12184 RPM rates are shown in Figure 11.
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Figure 11. Comparisons in 16290 RPM and 12184 RPM speeds respectively

CONCLUSION

Experimental studies have been modeled using a package program of a centrifugal compressor which was
performed by Virginia University Doner Machinery and Control Laboratory (ROMAC). After the design was
obtained, numerical analyzes of this model were performed. The results of the analysis were found to be quite
close with the experimental results. The analysis of different speeds continued to be compared, and it has been
shown graphically that the results of the analysis at different speeds are consistent with experimental results.
The highest 1.98 % and the lowest 0.35 % error are obtained between the experimental results at the design
point and the numerical analysis results.
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OZET

Radyal kompresdrler hem ticari hem de askeri uygulamalarda kullanilmaktadir, ancak, kompresor performansi
kararli galisma araligini etkileyen akis kararsizligi ile sinirlidir. Yiiksek basing sikistirma orani sebebiyle tercih
edilmektedir ancak diisiik verimleri ve kotii calisma araligi sebebiyle gelistirilmeye agik bir alan oldugu
goriilmektedir. Radyal kompresorlerin performanslarini artirmak i¢in bir¢ok yenilik¢i fikir ortaya konmus ve
caligmalar gerceklestirilmistir. Bunlardan akiskan kontroliinii ekstra hava yapilandirilmasina ihtiyag
duyulmadan gerceklestirebilen ardisik (tandem) kanatli radyal kompresér en ¢ok ilgi géreni olmustur. Bu
calismada ardisik kanatl radyal kompresoriin performansini etkileyen dort farkli tasarim parametresine gore
analiz sonuclar1 incelenmistir. Izantropik kompresdér verimini ve basing sikistirma oranini etkileyen
parametreler literatiir arastirmasi yapilarak belirlenmistir. Bu parametreler ardisik kanatlarin donme eksininde
birbirlerine gére konumunu belirleyen saatleme pozisyonu, teta, ardisik kanatlar arasindaki bosluk ve
indiikleyici kanatlarin uzunlugudur. Bu parametrelerin her birinin belirlenen alt ve iist degerler arasindaki
degisiminin analiz sonuglarina etkisi cevap ylizeyi metodu ile incelenmistir. Ayrica, basing sikistirma orani
ve izantropik verimin maksimum yapan parametre degerleri de MOGA optimizasyon yoOntemi ile
belirlenmistir.

Anahtar Kelimeler: Radyal Kompresor, Ardisik kanat, Optimizasyon, HAD

ABSTRACT

Radial compressors are used in both commercial and military applications; however, compressor performance
is limited by flow instability, which affects the stable operating range. It is preferred because of its high-
pressure compression ratio, but it is an area open to improvement due to its low efficiency and poor working
range. Many innovative ideas have been put forward, and studies have been carried out to increase the
performance of radial compressors. Among these methods, the tandem-bladed radial compressor, which can
perform fluid control without the need for extra air configuration, has attracted the most attention. In this
study, the analysis results were examined according to four different design parameters that affect the
performance of the tandem blade radial compressor. The parameters affecting the isentropic compressor
efficiency and pressure compression ratio were determined by literature research. These parameters are
Clocking position, which determines the position of tandem blades relative to each other on the axis of
rotation, theta, space between inducer and exducer blades, and the length of the inducer blade. The effect of
the variation of each of these parameters between the determined lower and upper values on the analysis
results was examined by the response surface method. In addition, the parameter values that maximize the
pressure compression ratio and isentropic efficiency were determined by the MOGA optimization method.
Keywords: Radial Compressor, Tandem Blade, Optimization, CFD

INTRODUCTION

Radial compressors are widely used in industry, turbochargers, some gas turbines for aerospace applications,
and many other civil and military fields. Flow separation in the radial section is far from satisfactory for
reasons such as the efficiency levels of radial compressors due to complex secondary flows, trailing flow
irregularity, and intense impeller/diffuser interaction. Tandem blade compressors have become increasingly
attractive lately as they achieve flow control without additional complex structures or control costs. The term
tandem blade means the radial impeller is divided into two parts: inducer and exducer. A tandem radial
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compressor is a mechanism that comes together with various values of many parameters. Some of these
parameters are mass flow rate, speed of the impeller, number of blades, blade angle, thickness distribution,
and flow meridional profile. The first references to the tandem blade compressor were published in 1977 by
the NASA Lewis research center. In this study, a 13.65 cm tandem blade radial compressor was experimentally
investigated in order to improve the conventional compressor at the same pressure ratio and mass flow rate.
They designed a compressor with a pressure ratio of 6.19, a mass flow rate of 0.907 kg/s, and 80000 rpm.
While the mass flow rate at the design speed was 0.911 kg/s, it was found to be 0.44% greater than the choke
flow rate (0.907 kg/s). They state that with a vaneless diffuser, peak impeller efficiency at design speed
increased from 0.767 to 0.813 [1]. Roberts Douglas A. et al. a numerical study was carried out to examine the
aerodynamic properties of a tandem blade impeller design for the backstage of the compressor of a gas turbine.
They said that all impellers with tandem blades are less efficient than conventional compressors. They said
that the tandem blade has a very large effect on the pressure ratio, temperature ratio, efficiency, and slip factor
[2]. Ju Y. P. et al. manufactured and tested a tandem blade radial compressor in 2014. They stated that the
impeller with tandem blades has a better discharge flow than the splitter blade impeller, but has lower
efficiency. They said that the distance between the inducer and the exducer had a high effect on the efficiency
of the tandem impeller, and they also stated that the numerical results were in agreement with the test results
[3]. Erdmenger R. R. et al. studied the different aspects of the design of the tandem blade radial compressor
and their effects on the performance of the radial compressor with a high flow coefficient and high-pressure
ratio. They stated that the axial clearance between the inducer and the exducer has little effect on the
compressor performance, clockwise has a significant effect, and the best performance will be obtained when
the inducer and exducer are aligned [4]. David H. et al. summarized the evolutionary steps of the modern
centrifugal compressor for aerospace applications and made recommendations for such future work. They
stated that a properly designed tandem blade radial compressor could achieve higher values than conventional
compressors of the same size, which will reduce engine fuel consumption, dimensions, and weight in aviation
[5]. Li Ziliang et al. numerically investigated the high-pressure ratio centrifugal compressor at non-design
speeds (higher than operating speed). As a result of the study, they said that the tandem blade impeller would
increase performance in working conditions. They stated that approximately 1.8 percent improvement in
isentropic efficiency and 5 percent improvement in the operating range were achieved. They also stated that
there is a decrease in the performance of the tandem blade impeller due to inductive shocks at high speeds [6].
Tao Y. et al. studied the flow characteristics of a supersonic sequential impeller with an input Mach number
of 1.2 using a computational fluid dynamics (CFD) solver to expand the application areas of tandem impellers.
They stated that tandem blade loss is difficult to control due to complex flow structures with supersonic input,
and forward blade loss is equivalent to overall loss under all operating conditions [7]. Li Ziliang et al.
conducted computational and experimental tandem investigations within various impeller meridional flow
path profiles to explore the tandem application range and underlying flow mechanisms. The performance
variation of the compressor, impeller components and diffuser components were investigated in relation to
various flow path profiles. They stated that the inner and outer diameter ratios of the impeller are critical and
that this ratio increases the compressor efficiency by 1.5 percent in the range of 0.65 to 0.75 ratios. They said
that the impeller discharge would not be uniform outside this range and the efficiency would decrease [8]. To
explore the flow mechanism and improve the performance of the impellers of the supersonic rotor, pan et al.
took the supersonic rotor Rotor37 and redesigned it to obtain the original tandem supersonic rotor. They
developed and applied the physical programming method and multi-objective optimization method based on
the Kriging model. They stated that the mass flow rate and surge margin are higher when compared to Rotor37,
but they stated that the efficiency is very low compared to Rotor37 [9]. Li Ziliang et al. numerically
investigated a radial compressor's performance and flow fields with various tandem impeller arrangements to
explore the underlying physics of the coupling characteristics of the tandem impeller and the flow fields of
the tandem impeller. The main reason for the performance difference in the inducer and exducer lies in the
inductive pressure variation at the blade trailing edge determined by the kutta condition [10]. Li Ziliang et al.
stated that the tandem impeller is a successful passive flow control method that can locally affect the internal
flow field, which can exhibit improved compressor operating ranges without any loss of impeller efficiency
or pressure ratio. Results indicated that the tandem impeller method could achieve a maximum operating range
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gain of 16.7%. They noted that basic compressor instability is triggered by end zone flow distortion caused
by end leak flow [11].

MATERIALS AND METHOD

The tandem compressor design of the radial compressor, which has been verified by numerical analysis, has
been carried out. In the geometry design modeler module of the numerical analysis program, the drawings of
the tandem compressor were made. The inducer and exducer parts of the radial compressor were designed
using the revolve feature of the package program, and their geometry was drawn. This geometry was sent to
the turbo grid, a meshing module, using the exportpoints feature. The visual of the designed tandem radial
compressor is shown in Figure 1.

R | inducer
e - = ;A-.A._‘_ / d

exducer

Figure 1. Tandem blade radial compressor design

The design is sent to the meshing module of the package program, and the appropriate mesh structure is
selected and divided into a sufficient number of finite elements. The global size factor is selected as the mesh
size method, and proportional to mesh size is selected as boundary layer improvement control. The meshing
process was completed by deciding on the topology method suitable for the design. The mesh is applied not
only to the design but also to the fluid within the design. The mesh of the tandem radial compressor is shown
in Figure 2.
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Figure 2. The mesh structure on the radial compressor with tandem blades

The mesh of the single-blade structure is shown to save time and energy, but the analysis results are performed
for all blades. Before performing the analysis of the design, some input values are given. 0 atm and ideal gas
were chosen as the reference pressure. The total energy is selected as the heat transfer option for the fluid
model. Shear Stress Transport was determined as the turbulence model. In the solver controls, the high
resolution was selected in the advection chart, and 300 was entered as the number of iterations and continued
until convergence. 656502 total nods and 616476 total elements were generated at the mesh structure.

RESULTS AND DISCUSSION
Numerical analysis of the model was carried out with the above inputs. Analysis results are given in Table 1.

Table 1. Performance results of tandem blade radial compressor

Parameter Value
Rotation speed [radian s™-1] 1829.77
Mass flow rate[kg s™-1] 0.7736
Inlet volume flow rate [m”3 s"-1] 0.6317
Input Power[W] 23757.7
Work Input Coefficient 0.7109
Total pressure ratio 1.3952
Total temperature ratio 1.1061
Total isentropic efficient 94.3

The visuals of the mesh elements with 50% clearance from the analysis result images are shown in Figure 3.
As can be seen in the figure, a very regular mesh structure has been created.
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Figure 3. Mesh elements at 50%

The representation of velocity vectors and M rel at 50% is shown in Figure 4. As can be seen in the figure,
there is a regular flow area.

.-

Parameter Optimization

Parameters that are thought to affect the results of the tandem blade radial compressor were selected, and
optimization processes were performed on them. Among these parameters, the input parameters were chosen
as the cutting angle, which we call theta (0), the vertical distance between the inducer and the exducer (X),
the angle between the inducer and the exducer, which we call clocking (C), and the vertical length of the
inducer, which we call length (L). The pressure ratio and compressor isentropic efficiency were selected as
the output parameters. The first step is the determination of the upper and lower bounds of the input
parameters. The upper and lower bounds are specified in Table 2.
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Parameter Name
6 ()

X (mm)

C ()

L (mm)

Table 2. Input and output parameters boundarys

Lower Bound Upper Bound
60 105
1 3
0 10
15 25
impeller axis exducer

direction
of
rotation ;
C
inducer JE5 G
/:‘ =3 P
-
-~ 25 - -
o~ =z -~ o
~ -~
et i
-

X

— «—

Figure 5. Representation of the X and C parameters
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= inducer = inducer
Figure 6. Representation of the 6 and L parameters

These parameters are transferred to the module of the package program called response surface optimization.
The response surface method module has an interface with input parameters and output parameters. Lower
and upper limits were determined for the parameters selected from the literature review and considering our
design geometry. This module gives us design points within specified limits. A total of 25 design points have
been determined for our four input parameters. Numerical analyzes were made for these determined designs.
Table 3 shows the parameter values of the design points in the response surface method.

Table 3. Response surface design points

Total Pressure
Name 0 (degree) X (mm) C(degree) L(mm) Effs out Ratio
1 82,5 2 5 20 93,4533 1,3935
2 60 2 5 20 92,3513 1,3853
3 105 2 5 20 93,3103 1,3930
4 82,5 1 5 20 94,2262 1,3965
5 82,5 3 5 20 91,9566 1,3858
6 82,5 2 0 20 93,4533 1,3935
7 82,5 2 10 20 93,4533 1,3935
8 82,5 2 5 15 94,4567 1,3968
9 82,5 2 5 25 92,2062 1,3861
10 66,6554 1,2958 1,4790 16,4790 94,2802 1,3969
11 98,3446 1,2958 1,4790 16,4790 93,7074 1,3931
12 66,6554 2,7042 1,4790 16,4790 92,3381 1,3878
13 98,3446 2,7042 1,4790 16,4790 93,4607 1,3928
14 66,6554 1,2958 8,5210 16,4790 94,2802 1,3969
15 98,3446 1,2958 8,5210 16,4790 93,7074 1,3931
16 66,6554 2,7042 8,5210 16,4790 92,3381 1,3878
17 98,3446 2,7042 8,5210 16,4790 93,4607 1,3928
18 66,6554 1,2958 1,4790 23,5210 93,0911 1,3906
19 98,3446 1,2958 1,4790 23,5210 93,2337 1,3927
20 66,6554 2,7042 1,4790 23,5210 92,5612 1,3858
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21 98,3446 2,7042 1,4790 23,5210 92,2948 1,3866
22 66,6554 1,2958 8,5210 23,5210 93,0911 1,3906
23 98,3446 1,2958 8,5210 23,5210 93,2337 1,3927
24 66,6554 2,7042 8,5210 23,5210 92,5612 1,3858
25 98,3446 2,7042 8,5210 23,5210 92,2948 1,3866

As can be seen in Figure 8, the values determined at 25 design points and the efficiency and pressure ratio
change depending on these values are seen. It is seen that the best result in terms of efficiency is obtained from
the 8th design point and the best result in terms of total pressure ratio is obtained from the 10th design point.
Apart from these 25 design points, there is also a min-max research section in the module. From here, the
design points where the highest and lowest values are given for our output parameters are also examined.

Name P1-Teta(degree) ¥ | P3-X(mm) ¥ | P8-docking (degree) ~ | P9-Length (nm) ¥ | P4-Effsout | P5-Total Pressure Ratio
= Output Parameter Minimums:
P4 - Effs out 83,16 3 4,9919 25 91,721 1,3832
PS5 - Total Pressure Ratio &0 3 5,2236 25 91,757 1,3821
P4 - Effs out 75,993 1 4,9993 15 94,611 1,3985
P5 - Total Pressure Ratio 75,709 1 4,989 15 94,61 1,3986

Figure 7. Min-Max research result

From this section, we can see the values of the design points where the output parameters take the highest and
lowest values. For example, for the design with the highest efficiency, we see that the 0 value is 76.993, the
X value is 1 mm, the clocking angle is 4.9993, and the L is 15 mm. Then, the optimization process was carried
out using the MOGA method. After this optimization process, the design point giving the best pressure ratio
and efficiency was obtained after iterations. For the optimum design point, 0 is 76.166, x 1.001, clocking
5.0217, and L 15.005.

CONCLUSION

The analysis results of four different parameters affecting the performance of the tandem blade radial
compressor were examined. These parameters were transferred to the response surface method. Design points
were created by the program between the highest and lowest values of these parameters. By using the MOGA
optimization method, the optimum design point with the highest pressure ratio and efficiency was obtained as
a result of iterations.
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SONLU ELEMANLAR METODU KULLANILARAK BiR YOLCU UCAGI KOLTUK
KOLCAGININ STATIK ANALIZi
STATIC ANALYSIS OF AN AIRPLANE PASSENGER SEAT ARMREST USING THE FINITE
ELEMENT METHOD
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OZET

Yolcu ucgaklarinda kullanilan koltuklar belirli standartlara uygun olacak sekilde tasarlanir ve iiretilirler. Ugak
koltugu ve parcalarinin gesitli statik yiikleri karsilayacak sekilde hafif ve dayanikli olmasi istenir. Bu
calismanin amaci sonlu elemanlar metodunu (SEM) kullanarak bir yolcu ugagi koltuk kolgagimin statik
analizinin ger¢eklestirilmesidir. Calismaya konu olan kolgak, dis kismi1 polikarbonat (PC), i¢ destek kisimlari
ise AL 6061-T6 malzemesinden tiretilmis ii¢ ana pargadan olusmaktadir. Yolcular koltuga oturma ve kalkma
sirasinda kolcaktan destek alirlar ve bu esnada kolgak {izerine kuvvet uygularlar. Dinamometre kullanilarak
yapilan Slgiimler sonucunda 80-100 kg agirhi§indaki yolcularin kolgak iizerine yaklasik 200 N’luk bir yiik
uyguladiklar1 goriilmiistiir. Bu ¢alismada ekonomi sinifi bir koltuk kolgaginin ii¢ boyutlu montaj modeli
tersine miithendislik yapilarak Solidworks yazilimi ile elde edilmistir. Model iizerinde malzeme atamasi
yapildiktan sonra kol¢agin kullanim durumuna goére sinir sartlar1 belirlenmis ve 200 N’luk yiik uygulanmustir.
Mesh islemi yapildiktan sonra statik analiz basarili bir sekilde gerceklestirilmistir. Metal ve plastik parcalar
iizerinde elde edilen von-Mises gerilmeleri ve montaj modeli iizerindeki toplam deformasyon sonuglari
paylasilmistir. Yapilan analizler sonucunda PC malzemesinden imal edilmis olan plastik konstriiksiyon
tizerinde olusan von-Mises gerilmesi 24.7 MPa olarak hesaplanmistir. Modelde kullanilan malzemenin
gerilme dayaniminin 62.7 MPa oldugu g6z Oniinde bulunduruldugunda parcanin giivenli oldugu
anlasilmaktadir. Kolgagin i¢ destek kisimlarini olugturan Al 6061-T6 alasimindan imal edilmis olan pargalarda
meydana gelen maksimum von-Mises gerilmesi 163,20 MPa olarak hesaplanmistir. Al 6061-T6 alasiminin
akma dayanimi 275 MPa oldugu dikkate alindiginda kullanilan destek parcalarinin giivenli oldugu
gorilmistiir.

Anahtar Kelimeler: Yolcu Ucgagi Koltuk Kol¢agi, Statik Analiz, Gerilme Dayanimi, Sonlu Elemanlar
Metodu

ABSTRACT

The seats used in passenger airplane are designed and manufactured to comply with certain standards. It is
desirable that the airplane seat and parts are light and durable to provide various static loads. The aim of this
study is to perform static analysis of an airplane passenger seat armrest using the finite element method (FEM).
The outer part of the armrest is made of polycarbonate (PC), and the inner support parts are made of AL 6061-
T6 material. Passengers get support from the armrest during sitting and standing up and apply force on the
armrest. As a result of the measurements using a dynamometer, it was seen that passengers between 80-100
kg applied a load of approximately 200 N on the armrest. In this study, a three-dimensional assembly model
of an armrest of economy class passenger seat was obtained by reverse engineering with Solidworks software.
After the material was assigned on the model, the boundary conditions were determined according to the use
of the armrest and a load of 200 N was applied. Static analysis was performed successfully after the mesh
process. The results of von-Mises stresses on the metal and plastic parts and the total deformation on the
assembly model were shared. According to the results of the analysis, the von-Mises stress on the plastic
construction made of PC material was calculated as 24.7 MPa. It is understood that the part is safe considering
the 62.7 MPa tensile strength of the material used in the model. The maximum von-Mises stress on the parts
made of Al 6061-T6 alloy, which forms the inner support parts of the armrest, was calculated as 163.20 MPa.
It is seen that the support parts used are also safe considering the 275 MPa yield strength of Al 6061-T6 alloy.
Keywords: Airplane Passenger Seat Armrest, Static Analysis, Tensile Strength, Finite Element Method
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GIRIS

Havacilikta ugak koltuklart insan gilivenligini ve konforunu saglamada énemli bir yere sahiptirler [1, 2]. Bu
ylizden ugak koltuklar gilivenlik, konfor, ergonomi dikkate alinarak belli standartlara gore tasarlanirlar [3].
Koltuklar farkli gérevleri olan bir¢ok bilesenden meydana gelir. Ugak koltuklarinda yolcularin konforu i¢in
tasarlanan koltuk bilesenlerinden biri de yolcularin kollarini dayadiklari koltuk kol¢agidir. Konforun yani sira
hafiflik ve dayanim da kolgak tasariminda 6nemli parametreler arasinda yer alir. Bu parametrelere dikkat
edilmediginde koltuk kolcaklarinin siklikla hasara ugradigir gézlemlenmektedir. Bunun sonucunda hasarli
kolgaklarin yenisiyle degistirilmesi zaman ve maddi acidan kayiplara neden olmaktadir. Hafiflik ve dayanim
dikkate alindiginda uygun bir tasarimin yapilabilmesi i¢in yapisal analizlerin gergeklestirilmesi ve elde edilen
sonuglarin degerlendirilmesi gerekir. Bu baglamda sonlu elemanlar metodu (SEM) [4] kullanilarak koltuk
kolgaginin yapisal analizleri az bir maliyetle ve deneysel ¢aligmalara gore daha kisa siirede yapilabilir.
Boylece kullanim esnasindaki olusabilecek hasarlar 6nceden tahmin edilebilir ve ona gore tasarim
gelistirilebilir.

Bu calismada bir yolcu ugaginin ekonomi sinifinda kullanilan koltuk kol¢aginin yolcunun oturmasi ve
kalkmasi esnasinda kol¢aga uyguladigi kuvvetler ve sinir sartlart dikkate alinarak bir sonlu elemanlar modeli
olusturulmus ve bu model iizerinde statik analiz gergeklestirilmistir. Calismada kolcak modeli tersine
miihendislik [5] ile ii¢ boyutlu (3B) olarak modellenmistir. Sonlu elemanlar analizleri (SEA) Solidworks
Simulation yazilimi kullanilarak gerceklestirilmistir. Bulgular boliimiinde kolgagin metal ve plastik
parcalarinda olusan gerilme ve montaj modelde meydana gelen toplam deformasyon sonuglar1 sunulmustur.

MALZEME VE METOT
Ugaklarda hafiflik ve dayanim son derece O6nemli oldugu i¢in kompozit malzemelerin olduk¢a yaygin
kullanildig: goriilmektedir [6,7]. Koltuk kolgagi da aliiminyum alasimi ve plastik malzemeden olusan iki farkl
konstriiksiyondan meydana gelmektedir.
(Calismada sonlu elemanlar analizi i¢in kullanilan koltuk kolgaginin 3B modeli aslina uygun bir sekilde
Solidworks yazilimi kullanilarak iki farkli konstriiksiyon olarak modellenmis ve montaji yapilmistir (Sekil 1).
SEA i¢in parcalarin kontak kisimlar1 tanimlanmistir. Bilesen etkilesim tipi birlesmis olarak secilmistir.

AL 6061-T6

Polikarbonat

Sekil 1. Kolcak pargasinin 3B modelinin seffaf gériiniimii

Ucak koltuk kolgagi modeli 2 farkli malzemeden olugsmaktadir. Modelin plastik kisimlar1 Polikarbonat (PC),
metal kismi ise AL 6061-T6 malzemelerinden iiretilmistir. SEA’da bu malzemeler modelde ilgili
konstriiksiyonlara atanmistir. Atanan malzeme 6zellikleri Tablo 1 ve Tablo 2’de verilmistir.
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Tablo 1. PC malzemesinin mekanik 6zellikleri

Ozellik Deger Birimler
Elastikiyet Modiilii 2320 MPa
Poisson Orani 0.3912 -
Yirtilma Modiilii 829.1 MPa
Kiitle Yogunlugu 1190 kg/m?
Gerilme Mukavemeti 62.7 MPa

Tablo 2. AL 6061-T6 malzemesinin mekanik 6zellikleri

Ozellik Deger Birimler
Elastikiyet Modiili 69000 MPa
Poisson Orant 0.33 -
Yirtilma Modiili 26000 MPa
Kiitle Yogunlugu 2700 kg/m?®
Gerilme Mukavemeti 310 MPa
Akma Mukavemeti 275 MPa

Yolcular ugus esnasinda koltuk kolgagina cesitli yiikler uygularlar. Bu yiikler yolcunun agirligina bagh olarak
degismektedir. Kolcagin SE modeli Sekil 2’de gosterildigi gibi baglanti yerlerinden sabitlenmistir.
Dinamometre ile yapilan 6l¢timler sonucunda en fazla yiikiin koltuga otururken ve kalkarken kolgaktan destek
alinmasiyla meydana geldigi goriilmiistiir.

Kuvvetin uygulanma yeri Sekil 2’de gosterildigi gibi belirlenmistir. Uygulanan yiik miktar1 80-100 kg’lik
bireyler i¢in yaklasik 200 N olarak tespit edilmistir ve SEA i¢in bu deger yiiklenme durumu olarak girilmistir.
Sabitleme ve yiikleme isleminden sonra iliggensel mesh tipi kullanilarak mesh islemi yapilmistir (Sekil 2).
Mesh boyutu egrisel ve karmasik geometrili kisimlarda kiiciiltiilmiistiir. Modelde toplam diigiim 257330,
toplam eleman 137953 olarak elde edilmistir.

Sekil 2. Kolgcak parcasinin sonlu elemanlar modeli
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BULGULAR

Yapilan yapisal analiz sonucunda Al 6061-T6 alasimindan olusan, kolgagin i¢ kisminda her iki tarafta bulunan
destek yapilarinda meydana gelen maksimum von-Mises gerilmesi Sekil 3’te goriildiigi gibi 163,20 MPa
olarak hesaplanmistir. Al 6061-T6 alasiminin akma dayanimi Tablo 2’de gosterildigi gibi 275 MPa’dir. Belirli
bir yiik ve gerilme altinda biitiin malzemeler elastik sekil degisimine ugrarlar. Malzemede kalic1 deformasyon
olusmamas1 i¢in meydana gelen gerilmenin akma dayanimi sinirin1 gegmemesi gerekmektedir. Analiz
sonucunda elde edilen gerilme degeri malzemenin akma dayanimindan oldukga diistiktiir.

Ugak koltuk kolgagmin PC malzemesinden imal edilen plastik konstriiksiyonu {izerinde olusan von-Mises
gerilme degeri Sekil 4’te goriildiigii gibi 24.72 MPa olarak hesaplanmigtir. PC malzemesinin gerilme
dayanimi Tablo 1’de gosterildigi gibi 62.7 MPa’dir. Yapilan analiz sonucuna parg¢anin giivenilir oldugu
anlasilmaktadir.

Montaj model {izerinde meydana gelen toplam deformasyonu inceledigimizde en biiyiik deformasyonun
plastik parg¢anin u¢ kisminda oldugu goriilmektedir (Sekil 5). Maksimum deformasyon 6,68 mm olarak elde
edilmistir.

von Mises (N/mm~2

163,20

146,88

130,56

114,24
97,92
81,60
65,28
48,96
32,64
16,32

0,00

Sekil 3: Metal parca iizerindeki von-Mises gerilmesi sonuglari
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von Mises (N/mm~2
2472e+01

l 2,225e+01

_ 1,978e+01

2472e+01

_ 1,730e+01
_ 1,483e+01
1,236e+01
_ 9,88%+00
_ 7416e+00
4,944e+00

2A472e+00

9,574e-09

Sekil 4: Plastik parca {lizerindeki von-Mises gerilmesi sonuglari
URES (mm)

6,68

l 6,01

. 535

& Maks.: _ 468

_ 40

| 334
267
2,00

1,34

0,67

0,00
Sekil 5: Montaj lizerindeki toplam deformasyon sonuglari

SONUC

Bu caligsmada bir yolcu ugaginin ekonomi sinifinda kullanilan koltuk kolgag: tersine miithendislik yontemleri
ile modellenmis ve yolcularin oturmasi ve kalkmasi esnasinda belirlenen kuvvetler dikkate alinarak SEM ile
statik analizi yapilmigtir. Smur sartlar1 ve yiiklenme kosullarina gére sonlu elemanlar analizleri basarili bir
sekilde gerceklestirilmistir. Elde edilen sonuglar dikkate alindiginda koltuk kolgaginin yapilan statik analizlere
gore giivenli oldugu anlagilmistir. Bununla beraber uygulanan yiiklerin tekrarli olmasi dikkate alindiginda,
ileriki caligmalar i¢in yorulma analizlerinin yapilip sonuglar fiziki modellerle karsilastirilabilir.
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OZET

Teknolojinin hizli gelismesiyle giinliik hayatin vazgeg¢ilmezi olan internet; 2022 yili istatistiklerine gore 4,95
milyar insanim yani diinya niifusunun %65,5’i kullanmaktadir. Internet iizerinden yapilan paylasimlar biiyiik
veri setlerinin ortaya ¢ikmasina sebep olmaktadir ve bu veri setleri metinler, videolar, fotograflar vb. yapisal
olmayan formda verileri icermektedir. Makine 6grenim yontemleri gelistirilerek yapisal olmayan veriler
islenmektedir. Veri Madenciliginin bir alt boliimii olan Metin Madenciligi, 1lgili bilgileri elde etmek i¢in metni
analiz etmek ve ondan bilgi c¢ikarmak i¢in teknikler ve yontemler kullanmaktadir. Veri madenciligi
yontemlerini kullanarak metin madenciligi ile elde edilen verileri simiflandirip, gruplandirip ya da eldeki
veriler arasindaki iliskileri istatistiksel sonuglar olusturularak modeller olusturulabilmektedir. Bu modeller ile
veri kiimesinde olmayan yeni bir veri geldiginde onun hakkinda tahmin yapabilmektedir. Bu ¢aligmada
Stanford Universitesi aragtirmacilari tarafindan 2011 yilinda, toplam 50.000 film yorumu ile olusturulan veri
setini etiketlerine gore siniflandirmak i¢in dogru sonuglar verebilecek en etkili modelin belirlenmesi
amaglanmistir. Yapilan ¢caligmada sirasiyla 6n isleme, detayli veri analizi ve son olarak siniflandirma islemi
yapilmustir. Veri setinin %20’si test %80°1 egitim i¢in kullanilmistir. Yapilan ¢alismada degerlendirme metrigi
olarak dogruluk ve hata orani metrikleri kullanilmistir. Bu verilerin {lizerinde Karar Agaclari, Lojistik
Regresyon, KNN (k-En Yakin Komsu), Random Forest gibi makine 6grenmesi algoritmalart kullanilmistir.
Derin dgrenme mimarisinden RNN (Ozyinelemeli Sinir Ag1 / Reccurrent Neural Network), CNN (Evrisimli
Sinir Agi / Convolutional Neural Network) ve LSTM (Uzun Kisa Siireli Bellek / Long Short-Term Memory)
algoritmalar1 kullanilarak elde edilen sonuclar karsilastirilmistir. Bu farkli modellerin sonuclar1 detayli bir
sekilde analiz edilerek sonuglar1 kisaca verilmistir. En iyi dogruluk orani veren algoritmanin %89 ile Lojistik
regresyon oldugu bulunmustur.

Anahtar Kelimeler: Metin madenciligi, Metin siniflandirma, Karar agaglari, Lojistik regresyon, k-En yakin
komsu, Rastgele orman, Ozyinelemeli sinir ag1, Evrisimli sinir aglari, Uzun-kisa vadeli bellek

ABSTRACT

With the rapid development of technology, the internet, is indispensable for daily life; According to 2022
statistics, it is used by 4.95 billion people, that is, 65.5% of the world's population. Sharing over the Internet
leads to the emergence of large data sets, and these data sets contain data in unstructured forms such as texts,
videos, photographs. Unstructured data is processed by developing machine learning methods. Text mining,
a subsection of data mining, uses techniques and procedures to analyze the text and extract information from
it to obtain pertinent information. By using data mining methods, models can be created by classifying and
grouping the data obtained by text mining or by creating statistical results between the data at hand. By using
data mining methods, models can be created by classifying and grouping the data obtained by text mining or
by creating statistical results between the data at hand. With these models, new data that is not in the data set
can make predictions about it when it comes. In this study, it is aimed to determine the most effective model
that can give correct results to classify the data set, which was created with a total of 50,000 movie reviews in
2011 by Stanford University researchers, by their labels. In the study, pre-processing, detailed data analysis,
and finally, classification was carried out respectively. 20% of the data set was used for testing and 80% for
training. The study's evaluation metrics were used metrics accuracy and mistake rate. Above these data,
machine learning algorithms such as Decision Trees, Logistic Regression, KNN (k-Nearest Neighbor), and
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Random Forest were used. The results obtained using RNN (Recursive Neural Network), CNN (Convolutional
Neural Network), and LSTM (Long Short Term Memory) algorithms from deep learning architecture are
compared. These different models' results are thoroughly examined, and the result is briefly presented. It was
found that, with an accuracy rate of 89%, the best algorithm was logistic regression. It was found that the
algorithm giving the best accuracy rate was Logistic regression with 89%.

Keywords: Text mining, Text classification, Decision tree, Logistik regression, k-Nearest neighbors, Random
forest, Reccurrent neural network, Convolutional neural network, Long short-term memory

GIRIS

Teknolojinin hizli gelisimiyle insan hayatinin vazge¢ilmezi olan interneti; 2022 yili istatistiklerine
bakildiginda diinya ¢apinda 4,95 milyar insanin yani diinya niifusunun %65,5’inin kullandig1 goriillmektedir
[1]. Internet {izerinden yapilan paylasimlar biiyiik veri setlerinin ortaya ¢ikmasina sebep olmaktadir ve bu veri
setleri metinler, videolar, fotograflar vb. yapisal olmayan formda verileri igermektedir [2]. Makine 6grenim
yontemleri gelistirilerek yapisal olmayan veriler islenmektedir. Metinden bazi bilgiler ¢ikariminda anlamli
bilgiler elde etmek adina, metinin analiz edilmesinde Veri Madenciliginin alt alan1 olarak kabul edilen Metin
Madenciliginin teknik ve yontemler kullanilmaktadir [3-4]. Veri madenciligi yontemlerini kullanarak metin
madenciligi ile elde edilen verileri smiflandirip, gruplandirip ya da eldeki veriler arasindaki iligkileri
istatistiksel sonuglar olusturularak modeller olusturulabilmektedir. Bu modeller ile veri kiimesinde yer
almayan yeni bir veri geldiginde onunla ilgili tahmin yapabilmektedir [5].

Metin smiflandirma ise metin madenciliginin alt alam1 olup, verileri Onceden belirlenen siniflardan
yaralanarak, mevcut kategorilerden biriyle metinlere kategori atamasi islemini yapar [6]. Metnin icerigine
bagli olarak metne etiketler veya kategoriler atama islemidir. Metin siniflandirma islemi, Denklem 1’°deki gibi
ifade edilebilir.

Y=f(X,0)+e 1)

Denklem 1°de,

f: egitim verilerini kullanarak tahminleme yapan siniflandirma modeli veya siniflandirict

Y': incelenmekte olan metnin 6nceden tanimlanmis olan bir metin sinifina tiyeligini belirten deger
X: kelime veya kelime gruplarindan olugan bir metin vektorii

0: f fonksiyonuyla iligkilendirilmis olan bilinmeyen parametrelerin kiimesi

e: siniflandirma hatasidir [7-8].

Alan yazin incelendiginde metin simiflandirmaya dair bir¢ok ¢aligma oldugu goriilmiistiir. Yessenalina ve
arkadaslarinin [9], Movie Review isimli veri setindeki film yorumlarini siniflandirmak i¢in kelimelerin goriis
simiflandirmaya iliskin etki degerlerini belirlemek amaciyla veri setine destek vektor makineleri siniflandirma
yontemini kullanmiglardir. Yaptiklari calisma sonucunda %93.22°1lik dogruluk basar1 oran1 elde etmislerdir.
Sakkis ve arkadaglarmin [10] yaptig1 c¢alismalarinda Navie Bayes ve k-En Yakin Komsu (kNN)
algoritmalarinin  performanslarini  degerlendirmislerdir. Calismaya gore kNN ile %98,8, NB
siniflandiricilarinin %99,5 basar1 orani elde ettigini gostermisledir.

Sasaki ve Shinnou’nun [11] caligmalarinda Destek Vektor Makineleri (SVM), Navie Bayes ve birgok makine
ogrenmesi yaklasgimlart kullanmiglardir. Spam algilama icin yaptiklar1 ¢alismalarimin sonucunda, %97
oraninda Destek Vektor Makineleri ile spam e-postalarini dogru tespit etmislerdir.

Gali, Mariescu-Istodor ve Franti [12] yaptiklar ¢alismalarinda, web sayfalarinin siniflandirilmasinda HTML
yapilardan elde edilen yazi ve metinlere dayali bir siniflandirma islemi yapildigindan, sayfada yer alan
herhangi bir reklamdan dolay1 sonucun yaniltict olabilecegini ileri siirmiislerdir. Bu nedenle dil bilgisi, metin
boliimleme ve istatistiksel teknikler kullanmislardir. k-En Yakin Komsu (KNN), Naive Bayes ve Destek
Vektor Makineleri (SVM) smiflandiricilart ile degerlendirilen bu yaklasgimlari, metin analizi ve
gruplandirilmasi yoniiyle 6nemli oldugu vurgulanmustir.

W. Tan, X. Wang ve X. Xu [13] Amazon {iriin yorumlar1 iizerinde duygu analizi i¢in Naive Bayes, k-En Yakin
Komsu (kNN), Destek Vektor Makineleri (SVM) ve yenilenen sinir aglar1 siniflandiricilari ile bagarimlarin
degerlendirmislerdir Uzun Kisa Siireli Bellek (LTSM) yontemiyle %71.5 ile dogru smiflandirma elde
etmislerdir.
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Haggag ve arkadaslar1 [14] model egitiminde Uzun Kisa Siireli Bellek (LSTM), Ozyinelemeli Sinir Ag1
(RNN) ve Cok Katmanli Algilayict (MLP) yontemleri ayr1 ayr1 uygulanip, degerlendirilmistir. LSTM
yontemiyle KDDTest+ verisinde %85,44, KDDTest-21 verisinde ise %70,59 basar1 orani elde etmislerdir.
Sastrawan ve arkadaslari [15] ¢alismalarinda yalan haber tespiti i¢in kullandiklar1 Cift Yonlii LSTM + fastText
modeli ile %99,24 dogruluk performansi ile en iyi performans: sergilemistir. Ayrica ResNet + GloVe'nin
%98,99 dogruluk, CNN + GloVe %98,24 dogruluk skoru elde etmislerdir.

Abid Ishaq ve arkadaslar1 [16] Avrupa’daki 1453 otelin miisteri puanlamasini ve yorumlarini incelemislerdir.
Gelistirdiklert LSTM modeli ile %97 dogruluk saglamislardir.

Bu makalede metin siniflandirma yaklasimina model (f) olarak; makine 6grenmesi ve derin dgrenme alan
yazininda siklikla kullanilan ve basarili sonuglar vermis birkac yaygin yaklagim kullanilmistir. Etkinlikler ve
basarimi uygun degerlendirme teknikleri ile dl¢lilmektedir. Siniflandirilmasi istenen metin film yorumlar
icerigi olup, makine 6grenmesi ve derin 6grenme basarimlari incelenmektedir. Deneysel analizlerde, Karar
Agaclar1 (Decission Tree), Lojistik Regresyon (Logistic Regression), k-En Yakin Komsu (K-Nearest
Neighbors (KNN)), Rastgele Orman (Random Forest) algoritmalar1 degerlendirilmistir. Derin 6grenme
mimarisinden Ozyinelemeli Sinir Ag1 (Reccurrent Neural Network(RNN)), Evrisimli Sinir Ag1
(Convolutional Neural Network (CNN)) ve Uzun Kisa Siireli Bellek (Long Short-Term Memory (LSTM))
degerlendirilmistir. Daha sonra bu algoritmalardan elde edilen bulgulara deginilmistir. Denetimli 6grenmede,
eldeki verilerinin belirli bir kismmin egitilmesiyle sonuglar elde edilmektedir. Metin siniflandirma iki
kademeden olusur:

1. Egitim siireci (6grenme kiimesi — training)

2. Smiflandirma siireci (deneme kiimesi — test) [17].

Metin siniflandirma siireci Sekil 1°de gosterilmistir.

Basla
Start
i On isleme
Amag Belirleme .
preprOCESSIng

) B Etkisiz Kelimeleri
Veri Temizligi
. . . Data Cleani
Veri Seti Secimi / Toplamasi e
Data Selection / Collection

Cikarma
Kk Bulma / Kk 1

Removing Stop Words
Cozimleme
Stemming /
Vektérlestirme Lemmatization
Vectorization

Siniflandirici
Olumsuz Classifier

—_—

Tokenization

Veri Donustirme

Ogrenme Veri Kiimesi
Learning Dataset

Model Olusturma
Model Creation

Model Sonuglarini Degerlendirmek
Evaluating Model Results

Test Dataset

‘ Test Veri Kimesi

Implementing the Model

Modelin Uygulanmasi ‘

Olumiu
Positive

Dogruluk Oranlarina Gére Modelleri Karsilastirma
Comparing Medels Based on Accuracy Rates

Bitis
End

Sekil 1. Smiflandirma asamalar1 (Classification phases)
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MATERYAL VE YONTEM

Calisma kapsaminda izlenen adimlar Sekil 1’de verilmistir. Uygulama kapsaminda, 6ncelikle veri seti se¢ilmis
ve metin verileri yapisal formata doniistiiriilmek icin ¢esitli 6n isleme asamalarindan gegirilmistir. Son
asamada siniflandirma algoritmalar1 kullanilarak basar1 oranlar1 karsilastirilmistir. Bu boliimde, veri
ozellikleri, deneysel analizlerde kullanilan kelime gdmme ydntemi, makine ve derin 6grenme algoritmalari
yaklagimlar1 sunulmaktadir.

Materyal

Veri Ozellikleri

Veri seti Stanford Universitesi arastirmacilar tarafindan 2011 yilinda olusturulmustur. Veri setinde toplam
50.000 film yorumu bulunmaktadir. Yorumlarin 25.000 tanesi olumlu ve 25.000 tanesi ise olumsuzdur. Veri
setinde olumlu (1), olumsuz (0) olarak etiketlenmistir. Bu metinlerin yiizde 80’1 egitim, yiizde 20’si ise test
verisi olarak kullanilmistir. Ham veriler Python programlama dilinin Pandas kiitiiphanesi araciligiyla csv
dosyasina yazilmistir. Bu csv dosyasinda yer alan verilere bazi metin madenciligi yontemleri uygulanmigtir.
Yontem

Yapilan bu ¢calismadaki verinin 6n islemesi, analizi, metin siniflandirmasi ve gorsellestirmesi yer almaktadir.
Calismada dogruluk ve hata orani metrikleri kullanilmustir. Python programlama dili tercih edilerek
uygulamalar gerceklestirilmistir ve Google Colab kodlama ortami kullanilmistir.

Metin On Isleme

Bu makalede kullanilan 50.000 film yorumu makine ve derin 6grenme teknikleri kullanilmadan 6nce bu
yorumlarin egitim ve smiflandirma basamaklarina hazirlanmasi gerekmektedir. Sekil 2°de metin 6n isleme

asamalar1 yer almaktadir.
4 )

Metin On isleme

Etkisiz Kelimeleri Kok Bulma / Kok

Veri Temizligi Cikarma Cozimleme

Kelimelere AylrmT Vektorize Etme

Sekil 2. Metin 6n isleme agamalari

Siniflandirma algoritmalarini kullanabilmek i¢in bazi veri 6n isleme ve temizleme islemleri uygulanmistir.
Bunlar;

o Veri Temizligi: Yanlis karakterlerin kaldirilmasi (bosluklar noktalama isaretleri vb.), veri
setindeki tekrar eden verilerin kaldirilmasi, eksik verilerin doldurulmasi, veri standardizasyonu
(bliytik harfleri kii¢iik harflere doniistiirme vb.),

o Etkisiz Kelimeleri Cikarma (Removing Stop Words): Veri setinde sik rastlanan ancak analizde
onemli olmaya kelimelerin (ve, ama, ile vb.) ¢ikarilmasi islemidir.
o Kok Bulma / Kok Coziimleme (Stemming / Lemmatization): K6k bulma islemi kelimenin son

eklerini veya Onemsiz kisimlarini (ylirime - yiirii) kesme islemidir. Kok c¢oziimleme ise
kelimenin anlamini korurken dilbilgisi kurallarina uygun bir sekilde koklerine doniistiiriilmesi

islemidir.

o Kelimelere Ayirma (Tokenization): Veri setindeki sozciikleri veya metinsel verileri belirli
kriterlere gore boliimlere ayirmaya olanak tanimaktadir

o Vektorize Etme (Vectorization): Veri setinde yer alan kelimelerin veya ciimlelerin sayisal

degerlere doniistiiriilmesidir.

Bu islemler i¢in Python’un scikit-learn, SciPy7, NLTK, Keras8, Pandas ve NumPy kiitiiphaneleri
kullanilmistir.
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Kelime Gomme Y 6ntemi

GloVe modeli

GloVe modeli (Global Vectors for Word Representation), word2vec tabanli ve yerel baglama dayali 6grenimi,
kiiresel matris ¢arpanlarina ayirma ile birlestiren bir modeldir. Metin belgesinden kelime gémmelerini (word
embeddings) etkili bir sekilde 6grenilmesi i¢in gelistirilen bu modelde, hata fonksiyonunda kelimelerin
olasilik oranlar1 dikkate alinmaktadir. Metin belgesi igerisinde birbirlerine yakin gézlemlenen ve birlikte
goriilme olasiliklar1 ytliksek olan kelimeler, 6grenme siirecinde diger kelimelere kiyasla daha énemlidir [18-
19].

Kullanilan Siiflandirma Y 6ntemleri

Veri seti metin 6n isleme basamaklarindan gegirildikten sonra analiz edilebilir hale getirilmistir. Metin
siniflandirma problemlerine uygunlugu bagka ¢aligmalarca kanitlanmis olan ¢esitli makine 6grenmesi ve derin
ogrenme algoritmalar: secilerek uygulama yapilmstir.

Metin siniflandirmast belirli bir metni dnceden tanimlanmis olan siniflardan hangisine ait oldugunu belirleme
islemidir. T={tl,t2,...,tn} kiimesindeki her bir metin veya belgenin Onceden tanimli olan
C={cl,c2,...,cm}kiimesindeki siniflardan herhangi birine ait olup olmadigina bagli olarak her ti belgesi veya
metin i¢in bir deger tliretilmektedir [20].

Bu calismada makine 6grenmesi algoritmalarindan Karar Agaclar1 (Decission Tree), Lojistik Regresyon
(Logistic Regression), k-En Yakin Komsu (K-Nearest Neighbors(KNN)), Rastgele Orman (Random Forest)
algoritmalar1 kullanilmistir. Derin dgrenme mimarisinden Ozyinelemeli Sinir Ag1 (Reccurrent Neural
Network(RNN)), Evrisimli Sinir Ag1 (Convolutional Neural Network(CNN)) ve Uzun Kisa Siireli Bellek
(Long Short-Term Memory(LSTM)) kullanilmistr.

BULGULAR

Bu makalede kullanilan siniflandirma modellerinin dogruluk oranlar1 agsagidaki tablolarda belirtilmistir. Veri
setinin %20’si test %80’1 egitim i¢in kullanilmistir. Sekil 3’te gortildiigi gibi kullanilan makine 6grenmesi
siiflandirmalarinda en yiiksek dogruluk oranina %89 ile Lojistik Regresyon’un sahip oldugu goriilmektedir.
Rastgele Orman’in %85, k-NN’in %78 ve Karar Agaglari ise %72 dogruluk orani bulunmustur.

Makine Ogrenmesi Siniflandirmalari

90
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20
10

0

Lojistik Regresyon  Karar Agagclari Rastgele Orman

Sekil 3. Makine 6grenmesi siniflandirmalariin dogruluk oranlari

Sekil 4’te goriildiigl gibi derin 6grenme siniflandirma sonuglari incelendiginde ise %87 ile LSTM Sinir Ag1
en iyi sonucu veren model oldugu goriilmektedir. CNN %86, RNN ise en diigiikk dogruluk orani ile %51
bulunmustur.
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Derin Ogrenme Siniflandirmalari
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Sekil 4. Derin 6grenme siniflandirmalarinin dogruluk oranlari

SONUC

Bu makalede IMDB internet sitesinde yer alan etiketli kullanici yorumlar: veri seti olarak kullanilmustir.
Toplam 50.000 kullanici yorumu bulunmaktadir. Kullanilan veri setinde metin madenciligi yontemleri
kullanilmistir. Veri setinin degerlendirilmesi i¢in Karar Agaglari, Lojistik Regresyon, k-En Yakin Komsu,
Rastgele Orman, Ozyinelemeli Sinir Ag1, Evrisimli Sinir A1 ve Uzun Kisa Siireli Bellek algoritmalar
kullanilmistir. Veri setindeki siniflandirma bilgisi gizlenerek yapilan dogruluk performans oranlar1 Python
programlama dili ve Google Colab araci ile yapilmustir.

Metin siniflandirma kapsaminda en iyi dogruluk oran1 %89 ile Lojistik Regresyon algoritmasi kullanilarak
yorumlarin hangi sinifa ait olduklari tespit edilmistir. Calismanin sonuglarinin makine 6grenmesi ve derin
ogrenmenin farkli algoritmalar1 ile kiyaslanarak degerlendirilmesi sonraki ¢alismalar i¢in kaynak teskil
edecektir.
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ABSTRACT

Tartrazine, an acidic azo dye, is commonly used as a food additive and also, it is used in paper and pulp
manufacturing. Due to its high usage, it can be detected in various wastewater streams and hence, it can affect
aquatic life. In addition, several studies showed it has allergic, carcinogenetic, and mutagenic effects over
humans; thus, it should be treated. In this study, Fe-doped g-CsNs was used as a photocatalyst to treat
tartrazine-containing model solution under solar light irradiation. The effective reaction parameters that are
the catalyst loading (0-0.4 g/L), pH (3-9), and initial hydrogen peroxide concentration (0-20 mM) over the
degradation of Tartrazine were investigated. The optimum reaction conditions for Tartrazine removal were
found as 0.2 g/L of Fe doped g-CsNs4, pH of 3, and 10 mM of initial hydrogen peroxide concentration and
almost 60 % of tartrazine degradation and 90 % decolorization were achieved at the optimum reaction
conditions for one hour of reaction duration under solar light. Additionally, a kinetic study was carried out at
the three different reaction temperatures (25, 35, and 45 °C) and the highest tartrazine degradation was found
as 85.2 % at 45 °C. In addition, complete decolorization was achieved at this reaction temperature. Based on
the Kinetic study, the degradation of tartrazine followed the second-order reaction kinetic model, and reaction
Kinetic rate constants were determined as 0.0003, 0.0024, and 0.0034 ppm™*min for the reaction temperatures
of 25, 35, and 45 °C, respectively. The activation energy for the observed reaction was calculated as 8.04
kJ/mol.

Keywords: Tartrazine, Solar-Fenton-like Oxidation, Fe/g-CsNa

INTRODUCTION

The most common group of synthetic colorants is azo dyes, consisting of half of the produced synthetic dyes.
They have a wide usage area; however, they are toxic and could cause mutagenic and carcinogenic effects on
living organisms. Because of their malign effects, environmental and human health concerns have been raised.
Tartrazine (Acid Yellow 23) is a member of azo dyes used in several industries such as food, textile, and
cosmetics. It has resistance to biodegradation and it may cause several health problems (i.e., cancer, asthma,
eczema, etc.) in humans (Banerjee et al., 2017; Monser et al., 2009). Various wastewater treatment methods
have been employed to remove dyes, and among them, Solar-Fenton-like oxidation has some advantages: i.
low-cost ii. easy operation iii. high removal rate, iv. ability to induce complete mineralization (Lin et al., 2022;
Jiang et al., 2022). Due to these remarkable features, Solar-Fenton-like oxidation has recently gained interest
and it can be employed to degrade tartrazine. In this study, Fe-doped g-CsN4 (FeCN) was selected as a solar-
driven photocatalyst since it has some excellent functions such as band gap reduction, enhanced visible light
absorption, and catalytic performance. For instance; in the literature, FeCN was used to remove methylene
blue and almost 80 % of MB was degraded at 3 h of reaction duration under solar light irradiation (Gao et al.,
2017; Liu et al., 2021). Due to its excellent properties, in this study, FeCN was used for the degradation and
decolorization of tartrazine solution. In this context, the effective reaction parameters (pH, catalyst loading,
and initial hydrogen peroxide concentration) were investigated to determine the optimum reaction conditions.
In addition, a kinetic study was performed.

MATERIALS AND METHOD

The chemicals -tartrazine, urea, FeCls, HCI, NaOH, and H202 (HP)- used in the experimental study were
purchased from Sigma Aldrich.

Fe-doped graphitic carbon nitride (Fe/g-CsN4, abbreviated as FeCN in this study) was prepared based on the
following procedure. In the catalyst synthesis procedure, 20 g of urea and the required amount of FeCls to
obtain Fe (20 wt.%)-containing FeCN were placed in a crucible and put into a muffle oven with an inert
atmosphere. Then, it was heated to 550 °C at 30-minute intervals and then, the temperature was kept constant
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for 3 hours. After that, it was cooled to room temperature, and the obtained solid product was washed with
ultrapure water. The final residue was collected by filtration and dried at room temperature (Li et al., 2016).
In addition, to obtain pristine g-CsN4 (CN), 20 g of urea was placed in a crucible and put into a muffle oven
with an inert atmosphere. Then, it was heated to 550 °C at 30-minute intervals and then, the temperature was
kept constant for 3 hours. SEM and BET analyses were carried out for the characterization of FeCN.

The experimental study was carried out using 20 ppm tartrazine solution (100 mL) for 1 h under simulated
solar light irradiation. In this context, the effect of reaction parameters that are pH (3-9), catalyst amount (0-
0.4 g/L), and initial hydrogen peroxide concentration (0-20 mM) was investigated. During the reaction, liquid
samples were taken and analyzed every ten minutes via a spectrophotometer (Spectroquant® NOVA 400
spectrophotometer).

The degradation indicated the breakage of the aromatic rings in tartrazine molecules and the decolorization of
tartrazine corresponded to the breakage of the chromophore containing the azo bonds were evaluated at
258 nm and 426 nm, respectively. Degradation and decolorization of tartrazine were calculated based on the
following equations:

0 — A
at 258nm at 258nm x100

% Degradation of tartrazine =
tat 390nm

Ogt426nm Afamzsnm %100

% Decolorization of tartrazine =
tat426nm

The kinetic study was performed at the optimum reaction conditions for 25, 35, and 45 °C and the data was
analyzed with first and second-order reaction power law kinetic models.

RESULTS AND DISCUSSION
Characterization Study

SEM analysis was carried out for pristine g-C3sN4 (CN) and Fe-doped g-CsN4 (FeCN) and their SEM diagrams
were given in Figure 1. While CN shows a massive layered structure, FeCN showed a sheet-like structure
similar to CN and the addition of iron did not cause any change in the structure of CN. Similar morphologies
were reported in the literature (Van et al., 2020; Hu et al., 2019; Ma et al., 2019). BET surface area of FeCN
was found as 2.7 m?/g. Bicallo et al. prepared Fe-doped g-CsNa for different weight percentages of Fe and
they reported that BET areas of 1%-Fe/CN and 10%-Fe/CN as 36 m?/g and 15 m?/g, respectively (Bicalho et
al., 2017). Therefore, it could be deduced that an increase in the Fe amount caused a decrease in the BET area.
In literature, it was also reported as the BET area of FeCN (containing 0-1 wt.% Fe) varied between 3.404 and
5.4 m?/g for the different amounts of Fe (Guimei Liu et al., 2020). Consequently, it could be concluded that
the BET area of FeCN (20wt.%Fe) is inconsistence with the literature.

e a1.

of CN (a) and FeCN (b)

Figure 1. SEM diagrams

Degradation and Decolorization of Tartrazine

During the experimental study, all experiments were performed using 20 ppm tartrazine solution for 1 h under
solar light irradiation. In this context, firstly, the impact of catalyst amount on the degradation and
decolorization of tartrazine was investigated and the results are given in Figure 2. According to the results,
very low degradation efficiency was observed at around 8.5% in the absence of FeCN, however, the addition
of the catalyst (0.1, 0.2, and 0.4 g/L) enhanced the degradation up to almost 50%. The results showed that the
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degradation efficiency reached almost the same values using 0.2 and 0.4 g/L catalyst loading, and thus, to
avoid the excess usage of catalyst, 0.2 g/L was chosen as the optimum catalyst loading.
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Figure 2. Catalyst amount effect (Reaction conditions: 20 ppm tartrazine, pH 6, 10 mM of HP)

Then, the effect of the initial hydrogen peroxide concentration was investigated and the results are given in
Figure 3. The lowest efficiency of degradation and decolorization was observed in the absence of HP. Thanks
to the formation of hydroxyl radicals originating from hydrogen peroxide, the breakage of -C-N- in the
structures of the dyes may initiate. Therefore, the degradation efficiency of tartrazine can enhance. The usage
of 10 mM of HP enhanced the efficiency while 20 mM of HP was used lower efficiency was achieved
compared to 10 mM of HP. It could be concluded that the hydroxyl radicals consumed by H202 and hence, a
scavenging effect was observed due to the excess usage of HP (Askarniya et al., 2022). Thus, the optimal HP
concentration was selected as 10 mM.
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Figure 3. Hydrogen peroxide effect (Reaction conditions: 20 ppm tartrazine, 0.2 g/L catalyst loading, pH 6)

After the determination of the optimum catalyst amount and HP, the experimental study continued with the
investigation of the pH effect at pH=3, 6, and 9, and the obtained results are given in Figure 4. The lowest
efficiency was achieved at pH 9 whereas the highest degradation (~60%) and almost 90% decolorization were
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achieved at pH 3. The attractive force made the negatively charged tartrazine easy to combine with the
catalysts at low pH values, whereas the lower degrading efficiency at a high pH value was caused by the
electrical repulsion. In literature, Cao et al. used TiO2/g-C3sNa nanosheet heterojunctions for the degradation
of tartrazine under solar light irradiation, and higher degradation efficiency was observed in acidic reaction
media (Cao et al., 2022). Therefore, the optimal pH was selected as 3. Consequently, the optimum reaction
conditions were chosen as pH=3, HP=10 mM, and 0.2 of catalyst loading.
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Figure 4. pH effect (Reaction conditions: 20 ppm tartrazine, 0.2 g/L catalyst loading, 10 mM of HP)

After the determination of optimum reaction conditions for tartrazine degradation, a kinetic study was carried
out at different reaction temperatures (25, 35, and 45 °C). Based on the results, as the temperature increased
the degradation efficiency increased and 85.2 % of tartrazine was degraded at 45 °C. In addition, complete
decolorization was observed at this reaction temperature. First and second-order reaction kinetic models were
applied to comprehend whether the reaction followed the first-order reaction kinetic model or the second-
order kinetic model. The experimental data show well fit to the second-order reaction kinetic model based on
the R? values. The linearized experimental data are given in Figure 5 and from the graph, the reaction kinetic
rate constants were found as 0.0003, 0.0024, and 0.0034 ppm~min? for 25, 35, and 45 °C, respectively. In
addition, the activation energy is calculated as 8.04 kJ/mol (Figure 6, the gas constant R=8.3145 J/K mol).
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Figure 5. Linearized second-order kinetic plot (Reaction conditions: 20 ppm tartrazine, 0.2 g/L catalyst
loading, pH 3, 10 mM of HP)
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Figure 6. Determination of activation energy

CONCLUSION

Tartrazine, an acidic azo dye, is commonly used as a food additive and because of its common usage, it can
be detected in various wastewater streams and hence, it threatens aquatic life because of its toxic feature. In
addition, several studies showed that it has allergic, carcinogenetic, and mutagenic effects on humans; thus, it
should be treated. In this study, FeCN was used as a solar-driven photocatalyst to treat tartrazine-containing
model solution under solar light irradiation. The effective reaction parameters which are the catalyst loading,
pH and initial hydrogen peroxide concentration over the degradation of Tartrazine were investigated. The
optimum reaction conditions for tartrazine removal were found as 0.2 g/L of FeCN, pH=3, and HP=10 mM,
and almost 60 % of tartrazine degradation and 90 % decolorization were achieved at the optimum reaction
conditions for one hour of reaction duration under solar light. Therefore, this process could be employed for
the degradation of tartrazine. Additionally, a kinetic study was carried out at the three different reaction
temperatures (25, 35, and 45 °C) and the highest tartrazine degradation was found as 85.2 % at 45 °C. In
addition, complete decolorization was achieved at this reaction temperature. Based on the kinetic study, the
degradation of tartrazine followed the second-order reaction kinetic model, and reaction kinetic rate constants
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were determined as 0.0003, 0.0024, and 0.0034 ppm™min-! for the reaction temperatures of 25, 35, and 45 °C,
respectively. The activation energy for the observed reaction was calculated as 8.04 kJ/mol.
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ABSTRACT

Chronic Kidney Disease (CKD) is a life-threatening disease. Early diagnosis of mortal illnesses is of utmost
importance. Utilizing historical data for the prediction of future health conditions is the easiest, less costly and
non-invasive way. This approach yields to early detection of diseases as well. Machine Learning (ML) and
Deep Learning (DL) models are the most common technics for intelligent estimations. In this paper, we
proposed a new 1D-CNN deep learning model to predict CKD problems. The proposed model is compared
with K- Nearest Neighbour (KNN), Decision Tree (DT), Support Vector Ma- chine (SVM) and Random Forest
(RF) algorithms. Hyperparameters affect the model performances of ML and DL algorithms. In this study,
hyperparameter optimization is employed for all models using the Grid Search CV optimization algorithm. In
order to improve model quality, 10-fold cross-validation is conducted for all ML models. The comparison
metrics, accuracy, precision, recall and F1 score are utilized for performance evaluations. The accuracy metric
is compared for both training and test data sets. The remaining metrics, precision, recall and F1 score, are
calculated for only the test data set. The proposed 1D-CNN model achieved competitive results among all
machine learning models. We have reported 98.93% accuracy for both training and test data sets. Moreover,
98.93% precision is calculated for the test data set. The recall metric value is 98.93% for the test data set.
Finally, the F1 score is calculated as 98.93%, which is the best achieve- ment among all ML models in this
study.

Keywords: chronic kidney disease, machine learning, deep learning, hyperparameter optimization

INTRODUCTION

Kidneys are the organs located on the lateral parts and toward the back of the human body. The main purpose
of kidneys is to segregate toxins and water by filtering blood. In addition to the fact that the kidneys have an
important role in the human body, they also cause vital illnesses. Chronic Kidney Disease (CKD) is a life-
threatening issue worldwide. Approximately 14% of the world population suffers from this disease, and it
brings about more deaths than prostate and breast cancer Ekanayake and Herath (2020).

Prediction of CKD is a life-saving action that leads to early detection of illness. There have been many
measurements to classify CKD, such as age, blood pressure, amounts of sodium, potassium, haemoglobin, etc.
Rubini et al. (2015). In order to create a relationship between these measurements and disease, Machine
Learning (ML) and Deep Learning (DL) models are utilized.

In the literature, K-Nearest Neighbour (KNN), Decision Tree (DT), Support Vector Machine (SVM), and
Random Forest (RF) algorithms are popular ML algorithms. Convolutional Neural Networks (CNN) is a DL
method which has better performance for two-dimensional and three-dimensional data, especially image data
Arslan and Tasyurek (2022), Ozturk et al. (2023), Moustapha et al. (2022), Tasyurek and Ozturk (2022),
Ulutas and Aslantas (2023), Akbulut and Aslantas (2023). On the other hand, the One-Dimensional
Convolutional Neural Networks (1D-CNN) method is an effective DL technic for one-dimensional data sets.
In this study, since the CKD data set is a tabular data set, we implemented a 1D-CNN deep learning model.
The proposed DL method has competitive results among powerful ML algorithms.

RELATED WORKS
Islam et al. (2020) have studied CKD risk factor prediction using three different ML algorithms. In the study,
ML algorithms Naive Bayes (NB), Random Forest (RF), and Simple Logistic Regression (SLR) are compared.
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The accuracy values are compared in this study. The NB, RF and SLR algorithms have achieved 93.91%,
98.89%, and 94.77% accuracy values, respectively. RF algorithm has the best performance in this study.
Arulanthu and Perumal (2019) have compared four different ML algorithms to predict CKD. Jrip, NB,
Sequential Minimal Optimization (SMO) and K-Nearest Neighbor (KNN) algorithms were evaluated in this
study. The obtained accuracy scores are 98.80%, 95.00%, 97.75% and 95.75%, respectively. The Jrip model
has achieved the best performance among the four ML models.

Revathy et al. (2019) have compared machine learning models for CKD prediction. SVM, DT and RF models
were employed for the prediction. RF algorithm has the best performance in terms of accuracy metrics among
all algorithms.

Pasadana et al. (2019) have studied different decision tree models for CKD problems. Random forest,
DecisionStump, HoeffdingTree, J48, CTC, J48graft, LMT, NBTree, RandomTree, REPTree, and SimpleCart
models were utilized for the CKD data set. The random forest model achieved the best performance among
tree-based models.

Lambert and Perumal (2021) performed Feature Selection (FS) for CKD prediction. Metaheuristic
optimization techniques were utilized for the FS process. In the study, Ant Colony Optimization (ACO)
algorithm, Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) algorithms were compared. The
ACO-FS approach has produced the best solution for CKD prediction.

Nishanth and Thiruvaran (2017) have proposed an FS method based on KNN and Linear Discriminant
Analysis (LDA). In the study, the obtained precision values are over 95% for the data set that emerged after
the LDA-based feature selection process. LDA-based solutions have been reported to be much more successful
than KNN-based solutions in this paper.

Apart from the estimation of CKD risk factors, studies suggest a suitable diet program for patients Maurya et
al. (2019). In this study, three new features, which were Safe, Caution and Danger, were derived according to
the amount of potassium in the data set. A system design for a diet program with newly released features is
proposed.

In addition, Arulanthu and Perumal (2021) have another study that emphasizes the importance of CKD. This
literature review study projects on the benefits of early prediction of CKD.

In this study, we have proposed a new 1D-CNN deep learning model. Moreover, the performances of KNN,
DT, RF, SVM and the proposed 1D-CNN model are compared.

BASIC CONCEPT

In this section, the data used in this study is explained with all features and data types. Furthermore, the
machine learning algorithms are explained to predict the chronic kidney disease classes.

Data

The features in the Chronic Kidney Disease dataset Rubini et al. (2015), which has been published in UCI
Machine Learning Repository, are introduced. Table 1 lists the feature names, short descriptions of the relevant
features, and the data type of each field in the dataset. The dataset contains 400 sample data and 25 features.
There has been a Class feature, the target field for disease prediction. The remaining 24 features include 11
numerical and 14 categorical data types. In Table 1, the numerical features are listed with metrics. Likewise,
the categorical features are shown with possible category options.

Table 1. Feature Description of Chronic Kidney Disease Data Set

Feature Name Description Data Type
Age Age in years Numeric
Blood Pressure Amount of blood pressure in mm/Hg Numeric
Specific Gravity Specific gravity (1.005,1.010,1.015,1.020,1.025) Categorical
Albumin Albumin category (0,1,2,3,4,5) Categorical
Sugar Sugar category (0,1,2,3,4,5) Categorical
Red Blood Cells Red blood cells category (normal,abnormal) Categorical
Pus Cell Puss cell category (normal,abnormal) Categorical
Pus Cell Clumps Pus cell clumps category (present,notpresent) Categorical

Bacteria Bacteria category (present,notpresent) Categorical
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Blood Glucose Random Amount of blood glucose random (mgs/dl) Numeric
Blood Urea Amount of blood urea (mgs/dl) Numeric
Serum Creatinine Amount of serum creatinine (mgs/dl) Numeric
Sodium Amount of sodium (mEg/L) Numeric
Potassium Amount of potassium (mEg/L) Numeric
Hemoglobin Amount of hemoglobin (gms) Numeric
Packed Cell Volume Amount of packed cell volume Numeric
White Blood Cell Count Count of white blood cells (cells/cumm) Numeric
Red Blood Cell Count Count of red blood cells ( millions/cmm) Numeric
Hypertension Status of hypertension (yes,no) Categorical
Diabetes Mellitus Status of Diabetes Mellitus (yes,no) Categorical
Coronary Artery Disease Status of coronary artery disease (yes,no) Categorical
Appetite Status of appetite (good,poor) Categorical
Pedal Edema Status of pedal edema (yes,no)) Categorical
Anemia Status of anemia (yes,no) Categorical
Class Target feature for classification (ckd,notckd) Categorical

Methods

In this paper, the most popular ML algorithms, which are K-Nearest Neighbour (KNN), Support Vector
Machine (SVM), Random Forest (RF), Decision Tree (DT) and 1D Convolutional Neural Network (1D-
CNN), are introduced to classify CKD problem.

K-Nearest Neighbour (KNN)

KNN was proposed by Bay to solve classification problems of supervised learning Bay (1999). The basic
concept of the algorithm is to find out the similarities between features and target classes. There is a parameter
k that defines checking the number of the nearest data samples in the whole data set. The algorithm calculates
the distances for all data samples in an iterative way and makes a decision about the target class among k
neighbours.

Support Vector Machine (SVM)

SVM has been proposed by Cortes and Vapnik (1995) as a classification algorithm in the realm of machine
learning. SVM calculates the margin size with hyper-planes that determine the classes in the given data set.
The hyper-planes create a hidden layer that all the data set features are projected to this layer by a kernel
function. This kernel function generates the boundary of the data set features to segregate the classes in the
model.

Decision Tree (DT)

A decision tree is built to create a model for the classification operation in ML applications. The tree structure
makes decisions with respect to features in the data set. The decisions are made from the root and leaves of
the tree by calculation methods that reduce uncertainty. Loh (2011) has proposed the decision tree approach
for classification and regression problems.

Random Forest (RF)

Random forest is a powerful ML algorithm originating from the decision tree approach. RF brings together
decision trees to build a prediction model. All sub-models generate an estimation, and the RF algorithm ends
up with the final decision according to the results of these sub-classifiers. Breiman (2001) proposed the RF
algorithm.

1D Convolutional Neural Networks (1D-CNN)

Convolutional Neural Networks are deep learning methods to generate high-quality features of given data sets.
Generally, CNN models are successful and popular methods in the realm of image-related operations. On the
other hand, 1D-CNN models are the special forms of CNN models for one-dimensional data sets. 1D-CNN
models generate deep features before neural network classification operations to stage better performance.
There have been several studied regarding DL in the literature Arslan and Tasyurek (2022) Ozturk et al. (2023)
Moustapha et al. (2022) Tasyurek and Ozturk (2022) Ulutas and Aslantas (2023) Akbulut and Aslantas (2023).
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PROPOSED 1D-CNN MODEL

The architectural structure of the proposed 1D-CNN is illustrated in Figure 1. There have been six
convolutional layers to obtain deeper features from inputs. The filter size of each convolutional layer is 16,
32,16, 16, 8 and 4, respectively. There have been 24 features in the data set, and we determine the filter sizes
with respect to the feature size accordingly. Rather than keeping the number of filters large and adding fewer
layers, the number of filters is determined less and more layers are preferred in the proposed network design.
The kernel size is set to 3 for all convolutional layers. The activation function of all convolutional layers is
determined as Tanh function for this structure. All convolutional layers are followed by an activation layer
which contains ReLU activation function. The Max Pooling layer is employed after convolutional layers. The
pool size is set to 2 for this layer. Then, the flatten layer carries out the feature extraction for the neural network
classifier. The neural network layer receives the inputs from the flatten layer. This layer contains 64 nodes
with ReLU activation function. Finally, the proposed 1D-CNN network generates results with a SoftMax
layer.

EXPERIMENTAL RESULTS

The data set is divided into two parts which are training and test data sets. The training set contains 70% of
the original data set. On the other hand, the rest 30% of the data set is separated as the test set. In addition, a
random 10% of the training set is allocated as the validation for hyperparameter optimization. In order to
obtain the optimum parameter, set for all ML algorithms, the Grid Search CV algorithm is employed for
hyperparameter optimization. Due to the fact that the data set contains a limited number of records, 10-fold
cross-validation is utilized for better performance.
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Figure 1 The proposed ID-CNN model architechture
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Hyperparameter Optimization

The hyperparameters to be optimized for 1D-CNN, KNN, SVM, RF and DT algorithms are listed in Table 2.
The parameters, optimizer, epoch and batchSize are optimized for the 1D-CNN model. The kernel, gamma
and C parameters of the SVM algorithm are optimized. The parameters optimized for the RF algorithm are
nEstimators, maxDepth, maxF eatures, minSamplesSplit and minSamplesLeaf. The parameters nNeighbors,
metric and weights are optimized in the KNN algorithm. Finally, the maxDepth, minSamplesSplit,
minSamplesLeaf and criterion parameters of the DT algorithm are optimized.

Table 2: ML Algorithms and Hyperparameters to be optimized

Algorithm Hyperparameters

1D-CNN optimizer, epoch, batchSize
SVM kernel, gamma, C

KNN nN eighbours, metric, weights

nEstimators, maxDepth, maxF eatures,
RF minSamplesSplit, minSamplesLeaf

maxDepth, minSamplesSplit, minSamplesLeaf ,
DT criterion

The list of optimum hyperparameters obtained as a result of the optimization is listed in Table 3. According
to results in this table, for 1D-CNN, optimizer is determined as Adam, epoch is 200 and batchSize is 100. The
parameter kernel in the SVM algorithm is set as rbf. The gamma is set to 1 and C value is 2. The value of
nNeighbors for the KNN algorithm is set to 4, metric value is minkowski, and weights parameter is determined
as uniform. The value of nEstimators for the RF algorithm is 30, maxDepth is set to 10, maxFeatures is auto,
minSamplesSplit is 2, and minSamplesLeaf is 1. Finally, for the DT algorithm, maxDepth is set to 10,
minSamplesSplit is 6, minSamplesLeaf is 1, criterion is determined as entropy.

Table 3: ML Algorithms and Optimized Parameters with Values

Algorithm Hyperparameters

1D-CNN optimizer: Adam, epoch: 200, batch Size: 100

SVM kernel: rbf, gamma: 1, C: 2

KNN nNeighbours: 4, metric: minkowski, weights: uniform

RF nEstimators: 30, maxDepth: 10, maxFeatures: auto,
minSamplesSplit: 2, minSamplesLeaf: 1

DT maxDepth: 10, minSamplesSplit: 6, minSamplesLeaf: 1,
criterion: entropy
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Comparison Metrics

Various comparison metrics are used according to the type of problem to examine the performance of ML and
DL methods. In classification problems, accuracy, recall, precision, and F1 Score are commonly used metrics
Ozturk et al. (2023).

These metrics are calculated as presented in Eq. 1.

Accuracy = el 2
‘ TP+ FP+TN+ FN
TP
Recall = m (l)
Precision = L
TP+ FP
2 x Precision x Recall
Fy — seore=

Precision + Recall

In EqQ. 1, when the metrics are analyzed respectively, accuracy shows the percentage of successfully classified
samples, recall shows how many of the true positives were successfully predicted, precision refers how many
positively predicted values are positive, and fl score is a measure of the model’s precision and robustness. In
order to calculate these metrics, TP (true positive), TN (true negative), FP (false positive), and FN (false
negative) values should be obtained. TP indicates the number of correctly predicted detections. Thus, this
means kidney disease detection to anyone who has kidney disease. TN means a class cannot be detected when
a class is not present. In other words, if a person does not have kidney disease, the disease is not detected here.
FP is class detection when a class does not exist. Accordingly, when a person does not have the illness, this
means Kidney disease to that person. FN is that when it belongs to a class, that person’s class cannot be
detected. In other words, although the person has kidney disease, the disease cannot be detected.
Experiments

The results obtained in the experiments are listed in Table 4. The best results, according to the metrics, are
highlighted in bold style. The highest accuracy value for the training dataset is 100%, obtained by the RF
algorithm. The SVM algorithm has 99.29%, and the 1D-CNN algorithm has a 98.93% accuracy value. The
accuracy values for the test data set are 98.33% for all the 1D-CNN, SVM and RF algorithms. KNN and DT
algorithms have 97.50% and 96.67% accuracy values for the test data set, respectively. When we shed light
on Precision values, the highest RF and SVM algorithms have reached 100% value. The highest recall value
is 98.33% which belongs to the 1D-CNN model. Similarly, the F1 Score value reached the highest value of
98.33% in the 1D-CNN model.

Table 4: ML and DL Models Training and Test Results

Algorithm | Acc.(Training)% Acc.(Test)% | Precision% Recall% F1 Score%
1D-CNN 98.93 98.33 98.33 98.33 98.33
SVM 99.29 98.33 100 95.8 97.87
RF 100 98.33 100 95.8 97.87
KNN 98.21 97.50 97.87 95.8 96.84
DT 99.29 96.67 95.83 95.83 95.83
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Furthermore, the confusion matrix of the obtained results is also given for each method. Figure 2 belongs to
the 1D-CNN model. Figure 3 is the confusion matrix of the SVM model. Figure 4 depicts RF confusion matrix
results. Also, the confusion matrix of the KNN model and DT model are illustrated in Figure 5 and Figure 6.

Truth

0 1

Predicted
Figure 2 Confusion Matrix of 1D-CNN Model

Truth

Predicted

Figure 3 Confusion Matrix of SVM Model
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Figure 4 Confusion Matrix of RF Model
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Figure 5 Confusion Matrix of KNN Model
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Truth

Predicted

Figure 6 Confusion Matrix of DT Model

CONCLUSION

In this study, a new 1D-CNN deep learning model is proposed for the CKD prediction problem. Moreover,
RF, SVM, DT and KNN machine learning methods are compared with the proposed DL method. At the first
stage of this study, hyperparameters of all models are determined and optimized. The best parameter set of
algorithms is employed for the same training and test data sets. Then, the models are built, and performance
evaluation metrics values are obtained for performance comparison. The best accuracy performance for the
training set belongs to the RF algorithm. On the other hand, the proposed 1D-CNN model, SVM and RF have
the same accuracy value, which is the best performance. SVM and RF algorithms scored the best precision
value. The proposed 1D-CNN model has the best scores in terms of recall and F1 score performance metrics.
The proposed method produces competitive results with powerful ML algorithms in the literature.
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EVALUATION OF AGGREGATES IN THE REGIONS OF AZERBAIJAN IN TERMS OF
ALKALI-SILICA REACTION
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ABSTRACT

Alkali Silica Reaction (ASR) of aggregates is harmful influence to the concrete. ASR reaction can be
eliminated by the application of low alkaline content of cement and non-reactive aggregates, usage of pozzolan
additives or based on lithium chemical additives in concrete.

In this research, different source of aggregates from the regions of Azerbaijan were investigated. Accordingly,
natural sand from Imishli, Shamakhi and Lankaran cities; crushed river-gravel from Guba, Imishli, Shamakhi
and Lankaran cities; granodiorite from Shamkir were tested by the potential alkali reactivity mortar-bar
method according to the ASTM C1260 test method. CEM II/A-P 42,5R type cement was used for it. The
physical, mechanical and chemical properties of cement, and chemical properties of different source of local
aggregates were determined. Water to cement ratio of the mortar mixture: 0.47 (by mass %). 25%25%285 mm
sample were prepared. 10% by mass were taken from Fr (2.36-4.75) mm, 25% by mass were taken from Fr
(2.36-1.18) mm, Fr (1.18-0.6) mm, Fr (0.6-0.6) mm, 15% by mass were taken Fr (0.3-0.15) mm for the test. 6
samples were prepared, and average result were determined. These samples were kept in 80°C temperature
NaOH solution. Changes in the length of the samples were measured after 3™, 7", 10", and 14" days. Based
on the analyses results, these aggregates showed nearly similar performance in the mortar-bar method
according to the ASTM C1260. The changes in the lengths after 14 days were only identified at the samples
of the natural sand and crushed river-gravel from Lankaran city by 0.48% and 0.17%, respectively.
Keywords: potential alkali reactivity, natural sand, crushed river gravel, granodiorite.

INTRODUCTION

Concrete is a crucial building material for our life and concrete deteriorates from environment and chemical
factors by time. One of the harmful factors for concrete is alkali silica reaction (ASR). Chemical reaction
between alkalis which inside in cement and silicates which inside in aggregate as a result occur NazSiOs gel
and this gel is hygroscopic. This hygroscopic gel happens in humidity condition and swells by time. Swelling
hygroscopic gel harmful effect to the concrete face and internal surfaces and decrease the durability of concrete
by time [1,2,3]. Other researchers have added additive 0, 8%, 10%, 12% and 14% silica fume from Turkey to
OPC and have followed expansion value after 3, 7 and 14 days. The findings suggest that it may even be
possible to use a dosage of between 8 and 10% silica fume to control reactive aggregates with values of 0.60
to 0.80%, reducing that expansion down to below 0.1% [5].

[4] have investigated alkali silica reactivity of aggregates in Thailand according to ASTM C1260 standard.
From the study, conclusions are two types of sedimentary rocks, Greywacke, and limestone from some sources
in eastern region of Thailand, as well as an igneous rock, rhyolitic tuff, from the central region, showed the
potential reactivity as the root of ASR problem in the future. Greywacke from the different sources were
almost similar in compositions, but significantly different features have been observed in thin section analysis.
GRA and CTGW were coarse grained greywacke composed of quartz, feldspar, and rock fragments but REA
had different granularity than the other two, with high weathering chlorite with a matrix of subgrained quartz,
rock fragments and clay/graphite, deformed by tectonic forces. The ASR risk is increased significantly from
subgraining of the microstructure. The highest expansion of REA agreed well with the microstructure analysis.
—The microstructure investigation of volcanic rock aggregate, rhyolitic tuff showed slight weathering and the
expansion result indicated potential reactivity. —The high silica content found in the limestone sample studied
and the expansion higher than the limit suggested potential alkali reactivity.

The purpose of this work, used local different source of aggregates from different factories like natural sand
from Imishli, Shamakhi and Lankaran cities, crushed river gravel from Guba, Imishli, Shamakhi and Lankaran
cities, granodiorite from Shamkir city investigate due to ASR reaction in aggregates.
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MATERIALS AND METHODS

2.1. Alkali-silica reaction according to ASTM C1260 standard

In this research, CEM I1/A-P 42,5R cement and different source of aggregates like natural sand from Imishli,
Shamakhi and Lankaran cities, crushed river gravel from Guba, Imishli, Shamakhi and Lankaran cities,
granodiorite from Shamkir city were used.

CEM II/A-P 42,5R meets standard requirements. Because for creating the alkali silicium gel, Alkali/Oxide
Ratio (Na20+0,658K20) should be more than 0,06 % in alkali silica reaction (ASR). In this work,
Alkali/Oxide Ratio 0,89% CEM II/A-P 42,5R cement were used. Chemical properties of cement and
aggregates are mentioned in Table 1 and 2, respectively. The aggregates were coded as 1, 2, 3, 4, 5, 6, 7 and
8. Here, 1: Natural Sand — Imishli city, 2: Natural Sand — Shamakhi city, 3: Natural Sand — Lankaran city, 4:
Crushed River Gravel — Guba city, 5: Crushed River Gravel — Imishli city, 6: Crushed River Gravel —
Shamakhi city, 7: Crushed River Gravel — Lankaran city, 8: Granodiorite-Shamkir city

Table 1. Chemical properties of cement.

Unit CEM II/A-P 42.5R Cement
SiO2 % 25,14
Al2O3 % 3,86
Fe20s % 3,78
CaO % 58,96
MgO % 1,45
SOs % 3,18
Na20 % 0,49
K20 % 0,61
LOI % 1,6
Na20+0.658K-20 % 0,89

Table 2. Chemical Properties of Different Source of Aggregates.

Test Unit Natura! Sa_nd - Natural Sanpl - Natural Sand — Crushed River

Imishli Shamakhi Lankaran Gravel - Guba
SiO2 % 61.04 37.01 53.53 35.93
Al20s3 % 14.61 5.01 16.61 5.33
Fe203 % 4.95 2.70 7.28 2.87
CaO % 6.13 28.30 7.11 28.79
MgO % 2.30 0.81 4.01 0.91
SOs % 0.10 0.08 0.06 0.11
Na20 % 3.16 1.08 2.99 1.05
K20 % 2.44 0.69 3.60 0.67
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TiO2 % 0.59 0.30 0.91 0.26
P20s % 0.20 0.08 0.41 0.12
Mn20s3 % 0.08 0.27 0.11 0.16
SroO % 0.10 0.07 0.14 0.05
Zn0O % 0.01 0.01 0.01 0.01
Cr203 % 0.03 0.00 0.07 0.01
LOI % 411 23.52 3.01 23.69
Test Unit Crushed Ri_ver_ Crushed River _ Crushed River Granodior_ite -
Gravel - Imishli | Gravel - Shamakhi | Gravel - Lankaran Shamkir
SiO2 % 60.08 28.11 52.90 61.92
Al203 % 16.02 3.30 18.23 15.59
Fe203 % 5.50 1.69 7.15 2.65
CaOo % 6.12 35.35 6.68 5.14
MgO % 2.05 0.63 2.82 2.82
SOs3 % 0.16 0.11 0.31 0.06
Na20 % 3.89 0.83 3.57 3.59
K20 % 2.63 0.52 341 1.77
TiO2 % 0.68 0.22 0.83 0.58
P20s % 0.24 0.10 0.46 0.13
Mn203 % 0.11 0.23 0.13 0.08
SrO % 0.08 0.03 0.13 0.05
Zn0O % 0.01 0.01 0.01 0.02
Cr203 % 0.01 0.01 0.01 0.01
LOI % 2.27 28.43 3.16 2.50

Physical and mechanical properties of cement are shown in Table 3.
Table 3. Physical and Mechanical Properties of Cement

CEM I1/A-P 42.5R Cement

Fineness (residue over 40u), % 5.6

Specific density, g/cm? 3.06
3654

Blaine, cm?/g
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Water demand (EN 197-1), % 28.4
Initial setting time, min. 175
Final setting time, min. 320

2 days compressive strength, MPa 31.0
7 days compressive strength, MPa 45.0
28 days compressive strength, MPa 60.1

The map of Azerbaijan which are the cities demonstrated due to test samples taken with red color are shown
in Figure 1.
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Figure 1. The map of Azerbaijan and the marks showing the sources of the aggregate tested
Test Result for Potential Alkali Reactivity of Aggregates

. Mortar-bar method according to ASTM C1260
Material properties and testing:

Aggregates were in oven dry condition. Sieve analyses of different source of aggregates for ASR test are
shown in Table 4.

Table 4. Sieve Analyses of Different Source of Aggregates for ASR.

Sieve Size
Mass, %

Passing Retained on

4.75 mm (No. 4) 2.36 mm (No. 8) 10
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2.36 mm (No. 8) 1.18 mm (No. 16) 25
1.18 mm (No. 16) 600 um (No. 30) 25
600 um (No. 30) 300 um (No. 50) 25
300 um (No. 50) 150 pm (No. 100) 15

CEM I1/A-P 42.5R type cement was used. Water to cement ratio of the mortar mixture: 0.47 (by mass %).
25%25%285 mm sample were prepared. 6 samples were prepared and average result were determined. These
samples were kept in 80°C temperature NaOH solution. These samples length change were measured after 3,
7 10 and 14 days. Potential alkali reactivity of aggregates mortar-bar ASTM C1260 are shown in Table 5 and
Figure 2.

Table 5. Potential Alkali Silica Reactivity of Aggregates Mortar-Bar ASTM C 1260.

Length Change, %
Name of
Aggregate Source Day Samp Samp Samp Samp Samp Samp Average
lel le 2 le3 le 4 les le 6

0 0.04 0.04 0.03 0.04 0.04 0.01 0.03

3 0.06 20.07 0.05 0.04 0.03 0.03 0.02

Natural Sand — = 007 | -008 | 007 | 005 | 003 | 005 0.03

Imishli

10 0.07 20.08 0.07 0.06 0.04 0.05 0.03

14 0.08 -0.09 0.09 0.06 0.05 0.06 0.04

0 0.03 0.04 0.12 0.04 0.16 0.04 0.07

3 0.03 0.02 0.03 0.02 0.01 0.01 0.02

Natural Sand — 008 | 009 0 009 | 004 | 011 0.06
Shamakhi

10 011 0.10 0.02 0.13 -0.05 0.12 0.07

14 0.10 0.13 0.04 0.16 20.01 0.14 0.09

0 0.04 0.04 0.04 0.03 0.02 0.03 0.03

3 0.09 0.09 0.09 0.09 0.08 0.08 0.09

Natural Sand - — 009 | 011 | 012 | o011 | 010 | 0.0 0.11
Lankaran

10 0.29 0.39 0.35 0.32 1.01 0.29 0.44

14 0.33 0.43 0.41 0.35 1.03 0.32 0.48

0 0.04 0.02 0.02 0.02 0.12 0.02 0.04

Crushed River 3 0.04 0.06 0.05 0.05 -0.05 0.04 0.03

Gravel — Guba 7 0.05 0.06 0.06 0.05 -0.06 0.04 0.03

10 0.08 0.07 0.07 0.06 20.09 0.04 0.04
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14 | 008 | 007 | 007 | 007 | -009 | 003 0.04
0 0 0.01 0 0 001 | 001 0
3 001 | 00l | 002 | 001 | 001 | -002 0
Crushed River 003 | 002 | 004 | 002 | -003 | -0.03 0.01
Gravel — Imishli
10 | 004 | 005 | 005 | 004 | -003 | -0.04 0.02
14 | 005 | 005 | 006 | 005 | -004 | -005 0.02
0 016 | 003 | -003 | -008 | 006 | 006 0.03
Crushed River 3 0 0 0 0 0 0 0
Gravel 7 002 | 003 | 003 | -00L | 00l | 002 0.01
hamakhi
Shamakhi 10 | 003 | 007 | 005 | -003 | 004 | 004 0.01
14 | 004 | 009 | 007 | 004 | 005 | 006 0.01
0 001 | 003 | 003 | 001 | 002 | ool 0.02
02 02 | -0.02 0L | 001 | 01 0.
Crushed River 3 0.0 0.0 0.0 0.0 0.0 0.19 0.03
Gravel 7 014 | 014 | 020 | 016 | 013 | 018 0.16
Lankaran 10 | 015 | 015 | 023 | 017 | 014 | 016 0.17
14 | 018 | 017 | 021 | 019 | 016 | 014 0.17
0 004 | 007 | 041 | 002 | 003 | 003 0.10
3 001 | 000 | 00l | -00L | 0oL | ool 0.00
Granodiorite — 7 0.02 20.01 0.02 20.02 0.01 0.02 0.01
Shamkir
10 | 003 | 002 | 002 | 002 | 001 | 002 0.01
14 | 003 | 003 | 003 | 004 | 002 | 002 0.01
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The maximum limit of length change after 14 days acoording to ASTM
C1260 is 0.2%
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Figure 2. ASTM C1260 Length change development

Based on the results, it can be said that averagely length change, natural sand from Imishli Bahramtapa,
crushed river gravel from Guba are the same length after 14 days (0.04%). The length change after 14 days of
crushed river gravel from Imishli Bahramtapa is 0.02%. Granodiorite had the best result (0.01%). The length
changes after 14 days of natural sand and crushed river gravel from Lankaran are 0.48% and 0.17%,
respectively and is not within the standard requirement. The criteria for ASR expansion ratio are listed in

Table 6.
Table 6. Expansion Criteria according to ASTM C1260
Criteria ASTM C1260
Non-reactive 0.0t0 0.1 %
Inconclusive 0.1t0 0.2%

Potentially Reactive

Above to 0.2%

Notes: No cracks or breaks were observed on the specimens after the test.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL

SCIENCES
March 04-06, 2023 Mus, TURKIYE

The pictures of the samples are shown in figure 3 and 4.

Figure 4. The picture of the test samples

CONCLUSIONS
It can be concluded that, different local source of aggregates is non-reactive according to ASTM C1260

standard requirement, except natural sand from Lankaran city (0.48%). Crushed river stone from Lankaran
city (0.17%) test result near to the standard requirement.
The length changes of natural sand and crushed river gravel from Imishli city were 0.04 and 0.02%,
respectively and this results within standard requirement.
Although the length change of natural sand from Shamakhi city was 0.09% whereas the length change of
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crushed river gravel from Shamkhi city was 0.01% and the test results within the standard requirement.

The length change of crushed river gravel from Guba city and Granodiorite from Shamkir city were 0.04%
and 0.01%, respectively and the test results within the standard requirement.

Only natural sand from Lankaran city were ASR risk due to the high test result (0.48%) and it is more than
standard requirement (0.2%). However, crushed river gravel from Lankaran city (0.17%) near to the standard
requirement (0.2%).

CEM I11/A-P 42,5R meets standard requirements. Because for creating the alkali silicium gel, Alkali/Oxide
Ratio (Na20+0,658K20) should be more than 0,06 % in alkali silica reaction (ASR). In this work,
Alkali/Oxide Ratio 0,89% CEM II/A-P 42,5R cement were used. There is not any standard requirement for
silicates in aggregates.

Furthermore, the same aggregates were tested by the TI-B 51 (85) test method. The four samples were
prepared in size of 40x40x160 mm and average results were determined. The length of the samples was
measuring after 2, 4, 6, 8, 12, 16, 20 weeks and the test continue.

Acknowledgements

The authors would like to thank Norm Cement and its concrete laboratory for the support.

REFERENCES
1. ASTM C1260, Potential Alkali Reactivity of Aggregates (Mortar-Bar Method) Neville, A.M.,
Properties of Concrete, John Wiley & Sons INC., New York, U.S.A, 1997.

2. Demir, 1., Sevim, O. (2017). Effect of sulfate on cement mortars containing Li2SOa, LiINO3, Li2CO3
and LiBr. Construction and Building Materials, 156, 46-55.

3. Demir, 1., Sevim, O., Kalkan, . (2018). Microstructural properties of lithium-added cement mortars
subjected to alkali-silica reactios. Sadhana, 43 (7), 112.

4. Suvimol Sujjavanich, Krit Won-In, Thanawat Meesak, Watcharagon Wongkamjan and Viggo Jensen.

Investigation of potential alkali-silica reactivity of aggregate sources in Thailand. International Journal
of Geomate, July, 2017, Vol 13, Issue 35, pp. 108-113.

5. Robert C Lewis and Elif Bayrak, Combating ASR to enable usage of local aggregates in Turkey,
25 Ermco_2015.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

APPLICATION OF GRANODIORITE AND CRUSHED RIVER STONE AGGREGATE IN
PERVIOUS CONCRETE AND INVESTIGATION OF SOME PROPERTIES

Aminaga Sadigov
Maharram Sahyev
Samid Sahmarov

ABSTRACT

In this study, permeable concrete tests were prepared with the use of different aggregate types and fine
material aggregates and were determined the permeability coefficient, the amount of voids in the concrete,
and the 7 and 28-days compressive strengths. The purpose is when the mixing ratio is different to determine
and consider the differences between the void ratio and the permeability coefficients, and to determine the
mixing ratio that meets the requirement for the highest strength limit. In the research study, considering two
different and different sizes of coarse aggregates, 4 mixture designs were developed and a small amount of
fine material was also used. The concrete mixture 1 consists of granodiorite, natural sand and cement, mixture
2 granodiorite and cement, mixture 3 crushed river stone, natural sand and cement, mixture 4 crushed river
stone and cement, respectively. Samples were taken to determine the void ratio, permeability and
compressive strength, tests were carried out and the results obtained with mathematical equations were
evaluated. Experiments have shown that the best average permeability coefficient (4.46) and actual void
content (%25.9) is 1 in the granodiorite based and %4.3 sand content mix design. The mix with the best
strength index is the 3" mix design based on crushed river stone and added %4.3 sand (20.4 MPa). CEM
I1/A-P 42,5N type cement was used for it. The physical and mechanical properties of cement, physical and
chemical properties of aggregates were determined.

Keywords: Pervious concrete, void ratio, aggregate type, compressive strength

OZET

Bu ¢alismada farkli agrega tipi ve ince malzemeli agrega kullanimi ile gegirimli beton deneyleri hazirlanmis
ve gecirimlilik katsayisi, betondaki bosluk miktari, 7 ve 28 giinliik basing dayanimlari belirlenmistir. Amac,
karisim orani farkli oldugunda bosluk orani ve gecirgenlik katsayilar1 arasindaki farklar1 belirlemek ve
hesaba katmak, en yiiksek dayanim sinir1 gereksinimini karsilayan karisim oranini belirlemektir. Aragtirma
kapsaminda iki farkli ve degisik boyuttaki iri agrega dikkate alinarak 4 karigim tasarimi gelistirilmis ve az
miktarda ince malzeme de kullanilmisdir. Beton karisimi 1 granodorit, dogal kum vo ¢imento, karisim 2
granodorit va ¢imento, karisim 3 kirmatas, kum vo ¢imento, karisim 4 kirmatas vo ¢imentodan olusmustur.
Bosluk orani, gegirgenlik ve basing dayanimi belirlenmesi i¢in numuneler alinmis, testler yapilmis ve
matematiksel denklemlerle elde edilen sonuglar1 degerlendirilmistir. Deneyler, en iyi ortalama gegirgenlik
katsayisinin (4.46) ve gergek bosluk igeriginin (%25.9) granit bazli ve %4.3 kum igerikli karigim tasarimi 1
oldugunu gostermistir. En iyi dayanim indeksine sahip karigim, kirma tas esasl ve %4,3 kum ilave edilen 3.
karisim tasarimidir. Bu testler icin CEM II/A-P 42.5N c¢imento kullanilmistir. Cimentonun fiziki ve
mekaniki, aggregalarin ise fiziki ve kimyevi 6zellikleri incelenmistir.

Anahtar kelimeler: Kegirimli beton, bosluk orani, agrega tipi, basing dayanimi

GIRIS

Gegirimli beton, biiyiik hacimli birbirine bagli bosluklara sahip bir beton tiiriidiir. Gegirimli beton, geleneksel
betondan farkli olarak birbirine bagl bosluklar iceren bir betondur. Cimento, Iri agrega ve su karisimindan
yapilir. Ancak ¢ok az kum igerir veya hig¢ icermez. Bu, gézenekli bir yapiya sahip bir beton tipi ile sonuglanir.
Ince malzemesi olmayan veya gegirimli beton olarak bilinen gecirimli beton, diisiik etkili siirdiiriilebilir
kalkinmanin temel unsurlarindan biri olarak iyi taninan ¢evre dostu bir kaplama malzemesidir [1].
Gegirimli beton biinyesinde bulunan bir kismi baglantili bosluklardan (%15-35) suyu kolaylikla
gecirebilmesi sayesinde, siddetli yagisin ylizeysel akisa doniisme oranini azaltma potansiyeline sahip
alternatif bir iist yap1 kaplama malzemesidir. Sagladig1 drenajla birlikte yeralt1 su kaynaklarinin beslenmesine
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de katkida bulunmaktadir. Boylece su kaynaklarindaki azalmanin 6niine ge¢ilmesi acisindan da potansiyel
bir kaplama malzemesi olarak diisiiniilebilir. Gegirimli betonun su gecirgenlik 06zelligi; tasariminda
kullanilan iri agreganin dar bir tane boyut araliginda olmasi ve ince agrega miktarinin minimize edilmesinden
(kiitlece %10 ve daha az) ileri gelmektedir [2].

Daha Once yapilan aragtirmada Imm’e kadar ince malzeme bazi karisimlarda kullanilmis ve su gegiren
betonlarin gecirimlilik, yarmada ¢ekme dayanimi gibi 6zeliklerine bakilmistir. Bu arastirmada su gegirimlilik
ozellikleri ve dayanim oOzellikleri arasinda ters bir iliski bulunmustur. Bosluk miktar1 arttikca basing
dayanimi diismekte ama gegirgenligi artmaktadir [3].

Baska bir arastirmada kullanilan ince malzeme miktar1 arttikca dayamimda artis goriilmiistiir. Ince
malzemenin artmasiyla birlikte dayanimda artis, birim agirlikta artis, egilme dayaniminda artig gérilmiistiir
[4].

Bu calismanin amaci, iki farkl iri agrega (Granodorit ve Kirmatas) kullanilarak betonda gecirgenlik ve
dayanim kriterlerinin arastirilmasidir. Bu agregalar yerel agrega kaynaklari kullanilarak farkli
lokasyonlardan yani Imisli sehrinden dogal kum, Guba'dan nehir cakilindan Kirmatas, Semkir sehrinden
Granodorit olmak {izere alinmis ve arastirma yapilmisdir.

MATERYAL VO YONTEMLER

Malzemeler

Deneysel calismada: Granodorit, Kirmatas ve Dogal kum olmak iizere toplamda 3 adet agrega kullanilmigdir.
Granodorit agregas1 Semkir sehrinden elde edilmis olup 8 ve 11.2 mm elekten gegirilmesiyle yikanmadan
kullanilmigdir. Temiz Kirmatas ise Guba sehrinde yerlesen Garagay ¢ayindan alinarak 8 ve 11.2 mm lik
eleklerden gegirilerek benzer tane boyut dagilimi iginde kalmas1 saglanmisdir. Incelik modiilii 2.2 olan Kum
ise Imisli sehrinde yerloson kaynaktan elde edilmisdir ve yikanmadan ince malzeme olarak kullanilmisdir.
Deneylerde ¢imento olarak EN 197-1 standartinin talepine uygun CEM II/A-P 42.5N tipi Portland ¢imentosu
kullanilmigdir. Cimentolarin fiziksel ve mekanik 6zellikleri Tablo 3-de verilmistir.

Agregalarin 6zellikleri Tablo 1 ve 2-de verilmistir.

Tablo 1. Agregalarin 6zellikleri

Agrega tipi Agrega tane sinfi Kil ve Silt Icerigi Ozgiil Agirlik, Su emme (%)
(%) t/m?®
Kirmadas 8-11.2 mm - 2.70 0.1
Granodorit 8-11.2 mm - 2.90 0.1
Dogal Kum 2.2 mm 15% 2.55 2.33
Tablo 2. Agregalarin kimyevi 6zellikleri
Kimygsal Unit Dogal Kum (Imisli Nehir Cakilindan Ku’matas Granodorit '(Semkir
bilesim sehri) (Guba sehri) sehri)
SiO2 % 61.04 34.90 61.80
Al203 % 14.61 4.85 15.47
Fe203 % 4.95 2.85 2.64
CaO % 6.13 27.79 5.13
MgO % 2.30 0.93 2.81
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SOs3 % 0.10 0.10 0.05
Na20 % 3.16 1.02 3.58
K20 % 2.44 0.64 1.76
TiO2 % 0.59 0.22 0.57
P20s % 0.20 0.11 0.15
Mn20s % 0.08 0.14 0.06
Sro % 0.10 0.04 0.04
Zn0O % 0.01 0.01 0.02
Cr20s3 % 0.03 0.01 0.01
LOI % 4.11 22.96 2.52

Tablo 3. Cimentonun fiziksel-mekanik 6zellikleri

CEM I1/A-P 42.5N Cimento

Incelik (40 iizerinde kalint1), % 5.5
Ozgiil yogunluk, g/cm3 3.05
Blain, cm?/g 3653

Su talebi (EN 197-1), % 28.2
Priz baslama siiresi, min. 173
Prizin sona erme siiresi, min. 319
2 glin basing dayanimi, MPa 32.0

7 giin basin¢ dayanimi, MPa 47.0
28 giin basing dayanimi, MPa 60.1

Gegirimli beton karisim bilesenleri

Iki farkli iri agrega ile kum ve kum igermeyen icerikli 4 beton karigimi hazirlanarak testler
gerceklestirilmistir:

1. Granodorit, Kum va Cimento

2. Granodorit vo Cimento

3. Kirmatas, Kum vo Cimento

4. Kirmatas vo Cimento

Tablo 4'te goriildiigii gibi granodorit ve kirmatas bazinda karisimdaki kum miktar: 50 kg'dir (%4,3).
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Tablo 4. Karigim hesabi

Ozgiil agirlik, (kq/m3)
Karigim ) Granodorit Kirmatag
Cimento Su (D8-10) (D9,5-12,5) Kum
Nel 300 100 1176 - 50
Ne2 300 100 - 1226 0
Ne3 300 100 1176 - 50
Ned 300 100 - 1226 0

Granodorit bazli karisimlarda ilk test, granodorit ve kum bilesimidir. Kum ilavesinin amaci betonun elastisite
katsayisini artirmaktir ve ayn1 zamanda gegirimlilige olumsuz etkisi olsa bile dayanimi artirmada olumlu roli
olacagini varsaydik. Ikinci karisim ise sadece granit bazlidir. Bu testi yapmak, daha iyi bir sonug elde etmek
i¢in ilk testin, yani kum eklemenin negatif ve pozitif sonuglarimi karsilastirmaktir. Ugiincii karisim kirmatas ve
kumdan olusuyordu. Kirmatasin se¢ilme sebebi ise adindan da anlasilacagi gibi Cay taslarmin kirilmasindan
elde edilen piiriizlii ylizeyin olumlu anlamda bir ek olacagi ve granodorite benzer tane boyutunda (8-11,2 mm)
kalmasi saglanmistir. Kirmatas-kum karigimina kum ilavesi, granit esasli bilesimdeki ile ayn1 miktardadir. En
etkili olanin se¢imi, yalnizca kirmatas iceren bilesim ile kirmatas ve kum iceren karisimin sonuglarinin
karsilastirilmasina dayanir. Granodorit ve Kirmatas fraksiyon araliginin 8-11,2 mm olarak segilmesindeki temel
amag, sikistirma sirasinda ayni boyuttaki malzemelerin bosluklarini dolduramamasidir (Sekil 1). Yukaridakiler
g0z oniine alindiginda, granodorit ve kirmatas bazli karisim testleri asagidaki gibidir:

YAPILAN TESTLER

Bosluk icerigi 6l¢gme testi

Dolgularin hacmini dikkate alarak 1 m® i¢in gerekli dolgu agirliklarii belirledik. Agregalarin toplam hacmini
1000 Lt-den ¢ikararak hazirlanan betondaki bosluklari belirledik. Beton numunelerinden elde edilen test
sonuclar1 Tablo 5'te gosterilmistir.

Tablo 5. Beton numunelerinden elde edilen test sonuglari

80 (@)
S S < . . o o o
SIS = S S = = = &
~ £ 2 kS ) X - iy = =
3 32 ¥ = 2 2 = R
Agregalar §0§ § 5 g. g % % % )§0
£ =8 < 2 2 2 = |3
= .8 g £ 5 < = = = N
5 55 2 < 3 3 = |9
3 < £ = = =
Granodorit ve qum | 652,33 740,79 34,77 25,92 16,3 16,9 | 185 17,2
Granodorit 651,07 758,78 34,89 24,12 12,5 105 | 101 11,0
Kirmatas ve qum | 652,33 848,91 34,77 15,11 19,2 21,2 | 19,8 20,4
Kirmatas 650,85 790,95 34,92 20,91 15,5 140 | 152 14,9

Asagidaki grafiklerden de goriilecegi tizere (sekil 1), agregalar farkli olmasindan dolay: agirlik bazinda dolum
limitleri belirlenmektedir. Sekil 2-de toplam par¢a hacminden dolgu hacminin ¢ikarilmasiyla bosluk yiizdeleri
belirlendi. Resimlerden de goriilecegi iizere (1. resimdeki sol ve sag grafikler, 2. resimdeki sol ve sag grafikler)
beton karisiminin sikisma derecesi beklenenden daha fazla olmustur.
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Sekil 1. Dolum miktar1

1-Bilesimine gore 1000 Lt dolum miktar1
2-Allnan numunede olan dolum miktari 1000 Lt

848.91

900 790.95

800 740.79 758.78,

700 652.33 651.07 652.33 650.85

600
. 500
- PIENN

40

34.77 34.8934.7734.92
35
30
25'9224'12 M Qranit ve qum

° 25 20.91
:3_ 20 15.11 M Qranit

15 ® Q/das ve qum

10 Q/das

1 2

1-I¢erik iizre bosluk yiizdesi
2 - Gergek bosluk yiizdesi

Sekil 2. Bosluk Oran

Granodorit esash karisimlarda, sadece granodorit kullanilan karisimdan alinan numunelerdeki bosluk igerigi,
kum ile yapilan granodorit esasli karisimdan alinan bosluk yiizdesine gore nispeten daha azdi. Sonraki testlerin
sonuglarina gore hangi karisimin daha etkili oldugu belirlenecektir.

Kirmatas bazli karigimlarda ise tam tersi sonuclar elde edilmistir. Burada sadece kirmatastan yapilan karigim,
kumlu kirmatastan yapilan karisima gore daha bosluklu oldu. Sonuglara bakildiginda, kirmatas esash
karisimlardaki bosluk miktarinin diisiik olmasi fraksiyon araliginin genis olmasindan kaynaklanabilir. Tlk
bosluklara gore elde edilen sonuglardan, daha gecirimli bir beton elde etmek istiyorsak, fraksiyon boyut araligin
en aza indirmemiz gerektigi soylenebilir, 6rnegin: 8-11,2 mm yerine 8-10 mm veya sadece 10-11,2 mm, yani
11,2 mm elekden gegen ve 10 mm elek tizerinde kalan agregalar1 kullanmak.

Tablo 4'te goriildiigii gibi, Granodorit esasl karisimlarda granodorit ve kum karigiminin bilesimi toplam
agirhigin 1 m*iinde 1626 kg, gercek 1 miinde ise 1846,5 kg'dir. Bahsedilen agirliklarin oranini katsay olarak
alirsak 0,88'dir. Sadece kirmatastan olusan kompozisyon baz alinarak ikinci agirlik 1626 kg olarak ayni tutulsa
da 1m? dolgunun gercek agirlig1 1895 kg olmustur. Buradaki karisimdaki agirliklarin oram katsayi olarak 0,858
idi. Katsayilardan da anlasilacagi lizere sikistirma yontemi standart olmakla birlikte sikistirma oranlar farklidir.
Sonraki test sonuglarina gore (tablo 5), sikistirma derecesine gore bosluk miktarinin sadece granodorit ile
hazirlanan karisimda %24,12, granodorit ve kum ile hazirlanan karisimda ise %25,92 oldugunu sdyleyebiliriz.
Ayni sirayla devam eden dayanim sinir1 sonuglari, sikistirma derecesine bagl olarak daha az boslukla daha
diisik dayanim sonuclar1 vermistir. Kum ilavesi nedeniyle elastik katsayi artmis, bu da betona 6zel
dayaniklilik kazandirmistir. Mukavemeti sonucu, daha az bosluk igeren karigiminkinden daha yiiksekti.
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Sugegciricilik

Daha fazla bosluklu granodorit ve kum karisimi, granodorit bazli karisimlardaki bosluk miktarinin dogrudan
neden oldugu kosullar nedeniyle daha hizli sugegiricilik 6zelligine sahiptir. Sonuglardan da goriilebilecegi
gibi, granodorit bazli karisim daha diigiik degerler gostermistir.

Simdi Kirmatas bazli karisimdan yapilan numunelerin sonuglarini karsilagtiralim. Kirmatas ve kum igeren
karisimda agregalarin agirhigi granodorite karisimindaki 1626 kg/m® ile aym tutulmus, ancak bosluk
miktarmin az olmasi nedeniyle 2116 kg/m® agrega kullamlmistir. S6z konusu agirliklarin orani 0,768'dir.
Sadece Kirmatas'ta hazirlanan karigimin agirligi ayni tutularak sikistirma derecesine gore 1m3 i¢in gerekli
dolgu agirlig1 1976 kg/m?® olmustur. Burada elde edilen agirliklarin oran1 katsay: olarak 0,823 'tiir.

Basing Dayanim, MPa

25.0

20.4
20.0

17.2

14.9
15.0

MPa

10.0

5.0

0.0
1

M Qranitve qum M Qranit Q/das ve qum Q/das
Sekil 3. Basing Dayanim gelisimi

Bir sonraki testin sonucu tablo 5'dir, kirmatas ve kumdan olusan karisimda sikistirma orani 6nceki sikistirma
prosediirii ile ayn1 olmasina ragmen sonug (sikistirma orani) %15,11 olmustur. Sadece kirmatas ile hazirlanan
karisimin bosluk oran1 %20.91 ile nispeten daha yiiksek olmustur. Sikistirma %'sine bagli olarak, granodorit
bazli bilesim, basin¢g dayanim sonuglarinin tersiydi (Sekil 3). Burada sadece kirmatasla yapilan betonun
dayanim sinir1 14,8 MPa, kirmatas ve kumla yapilan betonun dayanim sinir1 kii¢lik bosluk ve yiiksek elastisite
katsayist nedeniyle 20,4 MPa olmustur.

Kirmatag bazli karisimlarda qum igeren karigimin bosluk oran1 en az 15.11% olmusdur. 4 sonucun bosluk,
dayanim sonuglarma gore sugegirgenlik katsayilarini belirlemek miimkiindiir. Elimizdeki imkanlarla
standarta gore sugecirgenlik testleri yaparak sugecirgenlik katsayilarini her 4 karisima gors tenliye dayali
olarak tayin etdik:

Tablo 6'dan da goriilebilecegi gibi, her 4 karisim i¢in 6 silindir numune sonucu elde edilerek gegirgenlik
katsayilar1 belirlenmistir.
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Tablo 6. Su gegirimlilik katsayisi

Granodorit vo kum Granodorit Kirmatas vo kum Kirmatag
c [ [ c
3 3 3 3
c é E c é E c é E c é E
= 5 E = 5 E = 5 E 2 g E
Nimuna Ne g g = g g = g %. = g :E). =
N S g N S g N S8 S S5
= = = =
A ~~ v A
1.numune 108 4,42 95 3,89 68 2,78 65,5 2,68
2.numune 100 4,09 98 4,01 70 2,86 50 2,05
3.numune 101 4,13 90 3,68 78 3,19 55 2,25
4.numune 110 4,5 100 4,09 65 2,62 60 2,45
5.numune 120 491 88 3,68 72 2,95 65 2,66
6.numune 115 4,71 85 3,48 69 2,82 52 2,13
Orta Gegiricilik
katsayis, 4.46 3,805 2,87 2,37
mm/san

Granodorit ve kum karisimi, karigimlarin bilesimine gore en yliksek gecirgenlik katsayisinivermistir. Bununla
birlikte, diger sonuglarda, standardin gerekliliginin 0,1 mm/sn'den yiiksek oldugu i¢in ddenir.

SONUCLAR

Yol yapiminda gegirimli beton kullanilacagi ve yol altyapisinda statik yiikler oldugu diisiiniildiiglinde. Bu
nedenle gecirimli betonda birincisi gegirgenlik katsayisi, ikincisi ise elastisite katsayisidir. Bu amagla
caligmalarimiz1 kirmatas esashi karigimlar iizerinde yogunlastirirsak daha uygun sonuglar alinabilir. Daha
dayanikli yani dayanim limiti, elastisite katsayis1 ve su gecirgenligi acisindan kirmatag-kum karigimli beton
sonuglar1 gostermistir. en yiliksek sonuglar. Bahsedilen sonuglara gore elde edilen beton cinsinin,
Azerbaycan'in daha c¢ok yagis alan bolgelerinde, kaldirimlarda ve parklarda, ayrica drenaj sistemi sikintist
ceken alanlarda kullanilmasi uygundur.
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ABSTRACT
The recirculation zone formed between two successive spur dikes results in scouring and erosion in spur dike
field. The numerical simulations were made to investigate the recirculation zone between two successive spur

dikes by changing the different 5 aspect ratios (aspect ratio=—22xne between two spur dikesy .\ adding roughness

Length of the spur dike
element in spur dike field. Three different measuring locations (L1, L2, and L3) were selected to understand
their impact on the flow structure the depth averaged velocity was measured at 3.5 cm of the channel depth.
At measuring locations, velocity, turbulent kinetic energy and pressure contours, were examined. The velocity
in spur dike field increased from aspect ratiol and aspect ratio 2 at three locations. The results shows that
aspect ratio 3 having location L3 has the optimum velocity i-e., 30% and T.K.E. in the recirculation zone. The
velocity, Turbulence intensity (T.I) and (T.KE) lower with roughness (12 %) elements in recirculation zone.
Therefore, spur dike field along with roughness elements should be preferred to protect the spur dike, and
bank from extreme turbulence behaviour of flow during floods and to limit the recirculation zone inside the
spur dike field.

Keywords: Spur dike, large roughness elements, Numerical simulation, Flow characteristics.

INTRODUCTION

Spur dikes are hydraulic structures designed to safeguard channel banks against erosion by redirecting the
water flow away from them. These structures usually comprise angled vertical walls that divert the flow
direction away from the banks by fulfilling their primary objective of protecting the banks. (2) indirectly
reducing flow velocity (Pandey, Valyrakis, Qi, Sharma, & Lodhi, 2021). Spur dikes perform their primary
function of safeguarding stream banks (Pandey et al., 2021),throughout the globe to improve navigation,
strengthen flood protection, and save erodible banks (Igbal et al., 2021). Because of the complexities involved
in the spur arrangement and the stream wise spur extension, spur dike scour behavior has not progressed
(Karami, Ardeshir, Behzadian, & Ghodsian, 2011). Hydraulic engineering deals with a very broad and difficult
subject while studying the flow mechanism around various spurs.

Large roughness elements are generally used that leads to energy loss in a stream channel causing the hydraulic
of the flow in the channel. Roughness elements can be large stone or concrete blocks placed in the channel's
bed with a different configuration to impose more resistance (Alwan & Azzubaidi, 2021). Roughness elements
in a channel are obstacles or irregularities on the surface of the channel walls that increase friction and decrease
water velocity. These elements can include rocks, vegetation, and sediment deposits. The roughness of a
channel affects flow patterns, turbulence, and mixing, and is a critical parameter in calculating water flow
rates and sediment transport. The roughness elements' size, shape, and distribution are important factors in
determining flow resistance and sediment transport rates.(Julien, 2018)

The previous literature review show that the study uses computational fluid dynamics (CFD) simulations to
model the flow patterns and recirculation zone behind the spur dike. The results show that the size and shape
of the recirculation zone are strongly affected by the height and length of the spur dike. A longer, taller spur
dike leads to a larger recirculation zone and more turbulent flow(Gao, Yang, Wang, & Zhao, 2022). The study
uses a physical model of an open channel with a single spur dike, and measures flow velocities and turbulence
behind the dike for different configurations. The results show that the size and shape of the recirculation zone
are strongly affected by the height, length, and spacing of the spur dikes. A taller and longer spur dike creates
a larger recirculation zone and stronger turbulence, while a shorter and smaller spur dike has a smaller
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recirculation zone and weaker turbulence(Jeon, Lee, & Kang, 2018).. The study uses a physical model and
flow visualization techniques to observe the flow patterns behind a double spur dike. The results show that
the presence of the second spur dike leads to the formation of a second recirculation zone downstream of the
first dike. The size and shape of the second recirculation zone are affected by the spacing between the two
dikes and the angle between the two walls of the dikes(Razzaghi, 2020). The study found that recirculation
zones can form downstream of the dikes, leading to increased turbulence and erosion. The size and shape of
the recirculation zone depend on the flow velocity, angle of attack of the flow, and the geometry of the dike(L.i,
2013). This study examines the flow hydrodynamics of mixing layers in consecutive vegetated groyne fields
using numerical simulations. The results suggest that the presence of vegetation can enhance turbulence and
increase mixing within the groynes, leading to improved water quality in rivers(Ke Xiang ([]), 2020).
Various hydraulic structures (river training works) are provided within a river to protect and manage river
flow for human protection. The spur is one of the most significant and prevalent hydraulic structures used for
river training(lgbal et al., 2022)In the bed to change the important problems that occur wildly in open channels
are erosion and sedimentation in their mainstream. These problems have been studied for a long time to find
techniques to get rid of it. There are many solutions that are used to control these problems. One of these
solutions is increasing resistance of the channel bed by adding large roughness element in the channel(Alwan
& Azzubaidi, 2021).Surface roughness elements of boundary layer size and smaller are pervasive and have a
significant impact on flow instability and transformation from laminar to turbulent flow. These are the velocity
streaks caused by the so-called lift up effect (Wu, Axtmann, & Rist, 2021). Recirculation in a spur dike within
a channel can also negatively affect the channel's hydraulic and ecological functioning. The presence of
recirculation zones downstream of the dike can lead to the accumulation of fine sediments and organic matter,
which can degrade water quality and harm aquatic ecosystems. Additionally, the increased turbulence and
mixing associated with recirculation can lead to increased erosion of the channel bed and banks, which can
cause channel instability and loss of habitat. Finally, the presence of recirculation zones can also increase the
risk of flooding in downstream areas by impeding water flow through the channel. Erosion of the riverbed,
changes in water levels, and changes in flow velocity. Therefore, careful consideration of the potential
negative impacts of recirculation in spur dikes is necessary to design and manage river systems.

However, scour around spur dikes can be a major problem impacting their stability and hydraulic performance.
This research examines the flow behavior in recirculation zone by varying space between two successive spur
dikes to measure the scouring responsible factors i.e. velocity and turbulence at points L1 L2&L3 in spur dike
Field. Hence numerical simulation was conducted for reducing the maximum scouring factor and to minimize
the recirculation zone by adding large roughness elements in the spur dikes fields. This study will help in
determining scouring factor in upstream and downstream of the spur dikes fields and banks.

METHODOLOGY

Experimental work Description

The present numerical model was validated by comparing it to the experimental data of Brevis et. al (Brevis,
Garcia-Villalba, & Nifio, 2014) that were conducted at the Institute of Hydromechanics, Karlsruhe Institute
of Technology, in Germany. The tilting rectangular flume was 17 meters flume length and 1.3 meters in width.
It was imperative that the aspect ratio between the length of a spur dike (K) and the distance that separated
two subsequent spur dikes (W) remain constant at one. Particle image velocimetry (P1V) was used to take flow
velocity magnitude across a test area that was 24 cm long and 45 cm wide. Within the spur dike field,
measuring locations L1, L2, and L3 were evaluated with an identical distance of 6 cm from upstream to
downstream in a span wise orientation. For the experimental domain, including its spur dimensions, we
provide the full set of hydraulic conditions in Fig.1.All other settings, such as the channel width and the spurs
dike dimensions, were maintained at their default.
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Fig.1
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Experimental parameters of (Brevis et al., 2014)

Numerical Model Setup with Boundary Conditions

The numerical domain was reduced to 104 cm in length and 96 cm in breadth by imposing periodic boundary
conditions at the flow's entrance and outflow. The channel width and spur dimensions, along with all the other
factors, remained constant.

L1, L2, and L3 were the measuring location in the spur dike field for numerical simulation. For the geometry
and meshing of the numerical model, Gambit software was used. A CFD (computational Fluid Dynamics) in
this work, FLUENT was utilized for simulations as well as post-processing. For the simulation, an
unstructured tri-pave mesh was used. The chosen mesh had nodes counts of 220, 120, and 60 in the
longitudinal, transverse, and vertical dimensions, respectively. This resulted in about 1.6 million grid points
with a given value. The mesh independence test was also run to check the correctness of the CFD simulations.
For the under-relaxation factors and near-wall treatment, the standard values and standard wall function were
employed. For turbulence modelling, a Reynolds stress model (RSM) was employed, and a Semi-Implicit
Method for Pressure Linked Equations (SIMPLE) method was used to achieve pressure-velocity coupling.
The convergence criteria for all residuals values were set at 1x10®. The periodic boundary condition was set
at both the domain's inlet and outlet. In the channel, the discharge and flow depth were 9.75 L/s and 0.07 cm,
respectively. The free surface was assigned the symmetry boundary condition; however, the bed, sidewalls,
roughness elements and spur-dikes were allocated using the no-slip condition and conventional wall function
as utilized by previous studies.

Sidewall with free-surface condition

|

[ '

L=104cm

) Flow
B=9%cm

Inlet periodic condition
Outlet Periodic condition

Sidewall with non slip condition

Fig.2 On the top view of the channel Numerical setup for simulation, measuring location at L1, L2, and L3.

Model Validation

The comparison between the experimental findings of Brevis et al. (2014) and the numerical findings of the
depth-averaged stream-wise (u) velocity was carried out at three distinct locations (L1, L2, and L3) and is
depicted in figure 2. The upstream (u/s) to downstream (d/s) spur may be measured at 6 cm, 12 cm, and 18
cm at three different points. On the x-axis, the span-wise velocity was normalized using the beginning velocity,
U = Q/BZ. Q stands for discharge, while BZ stands for the area denoted by <u>U on the x-axis. By dividing
it by the length of the spur dike, the Y-axis (total channel width) becomes dimensionless. On the Y-axis, it is
denoted by Y/L. The line separates the mainstream line field (Y/L = 1-1.6) from the spur dike field (Y/L = 0—
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1). There is a good link between the experimental and numerical results, demonstrating the validity of the
current numerical model. Compared to the spur dike Feld, the mean stream-wise velocities at the spur dike
head (Y/L =0 to 1) increased at all three points (L1, L2, and L3). The spur dike field and the mainstream are
separated by a shear layer. (Weitbrecht, Socolofsky, & Jirka, 2008). The flow velocity gradually increased
and reached a maximum value in the mainstream channel (<Y/L > 1). This increase in velocity flux at Y/L =
1> results from high-speed flow in the mainstream as well as momentum exchange between the spur dike field
and the mainstream. Koken and Constantinescu (2009) found a similar change in the velocity profile due to
the presence of emerging spur dikes. The validation therefore suggests that the present numerical model may

be used to simulate an open channel flow in the presence of spur dikes.
L8
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Fig.3 Comparison of numerical and experimental (Brevis et al., 2014) stream-wise velocity <u>/U at L1, L2,
and L3. Line separate spur dike field and main stream

Specifications for Numerical Simulation

The computational domain's length and breadth were adjusted to 104 cm and 96 cm respectively for the current
numerical simulation shown in fig (2). The domain revealed two rectangular spur dikes. Different spacing’s
between spur dikes were positioned perpendicular to the mainstream. In addition, Roughness element with the
dimensions of 3x4x3.5cm added to spur dike filed in case of 2ABC of the computational domain Place
upstream, downstream, and middle of in the spur dike field. The external dimensions of the spur dike
(4cmx24cmx7cm) were set at the same as in the validation scenario. Numerical simulation was performed
using five different spacing between spur dikes and one case placing roughness element in spur dike Field.
The diagram for representing the measurement sites L1, L2, and L3 is displayed in Table 1.

Table 1 Simulation conditions in terms of geometry and hydraulic

Cases S1 S2 S3 S4 S5 2ABC
Spacing 24cm 30cm 36cm 42cm 48cm 36cm
rare | [ || [ | ey ey |LEST
Location measurement L1, L2&L3

Flow Depth 7cm

Discharge (Q) 9.75 L/S

Reynold Number 10,000

Initial Velocity (U) 0.145m/s
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RESULTS

Description of the Flow's Features

Figure.4 lllustrates the normalized depth-averaged streamwise velocity distribution (<u>/U) in the span wise
direction, where the locations of computation (L1, L2, and L3) play a crucial role in observing flow behaviour
in the spur dike field. The span-wise dimension (Y) of the computational domain was normalized with the
length of the spur, while the mean streamwise velocity (u) was normalized with the initial velocity (U). The
velocity profile (u/U) moves from the right bank to the middle of the channel. The flow in the recirculation
zone between spur dikes shows a rise in turbulent kinetic energy and a little velocity in situations Si, Sz, and
Ss. TKE and flow velocity in the recirculation zone between spur dikes decrease in cases S4 and Ss,
respectively. According to the Ss simulation outcomes, the recirculation zone seemed to have the maximum
velocity and turbulent kinetic energy. The roughness element was added to reduce the kinetic energy of
turbulence in the recirculation zone. Because of the recirculation eye that had developed in the middle of the
spur dike field, the velocity was shown to be zero magnitude at L2. The recirculation was responsible for the
negative values of span wise velocity measured at L3 (Igbal et al., 2022). The average depth velocity for S3
was measured to be the highest across all three levels (L1, L2, and L3). At Y/L, the depth-averaged velocity
increased up to 14 % for S3 at L1, while at L2 & L3 was Increased 8.5% and 29.6%. Roughness Elements are
added thereafter. For Ss at L1 the depth-average velocity decreased to 40.2732%, whereas it reduces by
28.439% and 11.453% at L2 and Lsrespectively.

Fig.4.Figure (4a) shows the distribution of the mean stream-wise velocity for different aspect ratios. Figure
(4b) shows the roughness element within the spur dikes field's mean stream-wise velocity. L1, L2, and L3
measuring location

Turbulent Kinetic Energy

At L1, L2, and L3, the depth average Turbulent Kinetic Energy (TKE) along the point is indicated. TKE was
divided with U2 to make it non-dimensional. TKE exhibited greater values for the S3 at the spur field. TKE,
on the other hand, provided the same inflation trend for S1-S3. When compared to the maximum value of S3,
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The average depth velocity for S3 was measured to be the highest across all three levels (L1, L2, and L3). At
Y/L, The turbulence kinetic energy increased up to 69.574% for S3 at L1, while at L2 & L3 was Increased
447% and 181%.. Roughness elements are added thereafter. For S3 at L1, the Turbulent Kinetic Energy
decreased to 19.544%whereas it reduced by 69.16%and 10.53%at L2 and L3, respectively
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Fig.5.Figure (5a) shows the distribution of depth-averaged (TKE) for different aspect ratios. Figure (5b) shows
the roughness element within the spur dikes field's depth-averaged (TKE). L1, L2, and L3 measuring locations
Mean Stream-wise velocity Stream line

The figure shows the average velocity of water flow in the x-y direction at a depth of 3.5cm (half of the water
depth). The contour lines indicate the velocity distribution from the right bank to the middle of the channel.
The red color indicates a high-velocity region where the streamlines are uniformly distributed across the width
of the channel, In the case of S3, the mean velocity in the recirculation zone between the dikes at location L3
was 29.6% higher compared to the other cases. This means that the water flow was faster in this region in case
S3 than in the other cases.In case 2ABC, roughness elements were added to the spur dike field, which caused
the velocity to decrease by 11.45%. This means that the roughness elements dampened the water flow,
resulting in slower velocities in this case compared to the other cases.
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Fig.6.Mean Velocity in recirculation zone in spur dike in horizontal plane at Zn=3.5cm(a)24cm spacing b/w
spur dikes, (b) 30cm spacing b/w spur dikes, (c)36cm spacing b/w spur dikes,(d) 42cm spacing b/w spur
dikes,(e) 48 spacing b/w spur dikes,(f) Roughness Element added middle of spur dike field
Conclusion

The study investigated the impact of aspect ratio=(

0 4 8 121620242832364044

Distane between two spur dikes

L onigth of the spur dike ) and roughness elements on

the recirculation zone in spur dike fields. The recirculations contain high-intensity flow, which begins to erode
the bank and spur dikes that surround the recirculations. The present study concluded that, The results shows
that aspect ratio 3 having location L3 has the optimum velocity i-e., 30% and T.K.E. in the recirculation
zone.Adding roughness elements to the recirculation zone lowered scour responsible factors i.e., the velocity,
turbulence intensity, and turbulent kinetic energy.Using spur dike fields with roughness elements can protect
against extreme turbulence during floods and limit erosion in the recirculation zone, making it a preferred
option for protecting spur dikes and banks.

REFERENCES

1. (Bahrami-Yarahmadi, Pagliara, Yabarehpour, & Najafi, 2020)

2. Alwan, I. A., & Azzubaidi, R. Z. J. A. 0. A. U. J. 0. E. S. (2021). Investigations on Large-Scale
Geometric Roughness Elements in Open Channels with Different Heights. 28(1), 07-14.

3. Bahrami-Yarahmadi, M., Pagliara, S., Yabarehpour, E., & Najafi, N. J. K. J. 0. C. E. (2020). Study of
scour and flow patterns around triangular-shaped spur dikes. 24(11), 3279-3288.

4, Brevis, W., Garcia-Villalba, M., & Nifio, Y. J. E. F. M. (2014). Experimental and large eddy simulation
study of the flow developed by a sequence of lateral obstacles. 14(4), 873-893.

5. Gao, Y., Yang, H., Wang, L., & Zhao, M. J. P. 0. F. (2022). Three-dimensional numerical investigation
on flow behaviors around a diversion dike. 34(12), 125119.

6. Igbal, S., Pasha, G. A., Ghani, U., Ahmed, A., Farooq, R., & Haider, R. J. T. v. (2022). Investigation
of Flow Dynamics Around a Combination of Different Head Shapes of Spur Dikes. 29(6), 2111-2120.
7. Igbal, S., Pasha, G. A., Ghani, U., Ullah, M. K., Ahmed, A. J. A. J. f. S., & Engineering. (2021). Flow

Dynamics Around Permeable Spur Dike in a Rectangular Channel. 46(5), 4999-5011.

8. Jeon, J., Lee, J. Y., & Kang, S. J. W. R. R. (2018). Experimental investigation of three-dimensional
flow structure and turbulent flow mechanisms around a nonsubmerged spur dike with a low length-to-
depth ratio. 54(5), 3530-3556.

9. Julien, P. Y. (2018). River mechanics: Cambridge University Press.

10. Karami, H., Ardeshir, A., Behzadian, K., & Ghodsian, M. J. J. 0. h. r. (2011). Protective spur dike for
scour mitigation of existing spur dikes. 49(6), 809-813.

11.  Ke Xiang (M), Z. Y. #3., 1. (2020). Flow hydrodynamics of the mixing layer in consecutive

vegetated groyne fields. Physics of Fluids.

12. Li, J., Chen, Z., & Chen, S. (2013). (2013). Numerical simulation of local scouring around spur dikes
in open channels. Journal of Hydrodynamics, Ser. B, 25(1), 107-115.

13. Pandey, M., Valyrakis, M., Qi, M., Sharma, A., & Lodhi, A. S. J. I. J. 0. S. R. (2021). Experimental
assessment and prediction of temporal scour depth around a spur dike. 36(1), 17-28.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL

SCIENCES
March 04-06, 2023 Mus, TURKIYE

14. Razzaghi, A., & Kavianpour, M. R. (2020). Experimental investigation of the effect of a double spur
dike on recirculation zone characteristics in open channel flow. Environmental Fluid Mechanics,,
20(3), 483-498.

15. Wu, Y., Axtmann, G., & Rist, U. J. J. 0. F. M. (2021). Linear stability analysis of a boundary layer
with rotating wall-normal cylindrical roughness elements. 915.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

FARKLI SARIM YONLERINDEKiI KARBON ELYAF TAKVIiYELi KOMPOZIT BORULARIN
TORNALAMA YONTEMI iLE iSLENEBILIiRLiGi UZERINE iINCELEME
AN INVESTIGATION ON THE MACHINABILITY OF CARBON FIBER REINFORCED
COMPOSITE PIPES IN DIFFERENT WINDING DIRECTIONS BY TURNING METHOD

Merve Yilmaz Arici
ORCID: 0000-0001-7120-4850
Mert Kilingel
ORCID: 0000-0001-7057-4390
Senol Sirin
ORCID: 0000-0002-3629-9003

OZET

Polimer matrisli kompozit malzemeler; yiiksek mukavemet, yiiksek darbe dayanimi, esneklik ve hafiflik
ozellikleri sayesinde denizcilik, uzay, havacilik, motor sporlari, enerji ve savunma sanayisi gibi bir¢ok
endiistride kullanilmaktadir. Ancak polimer matrisli kompozit malzemeler diisiik islenebilirlik 6zelligine
sahiplerdir. Polimer matrisli kompozitlerin islenmesi sonrasinda diisiik yiizey kalitesi ve kesici takim aginmasi
gibi sorunlarla karsilasilmaktadir. Bu c¢alismada karbon takviyeli polimer matrisli kompozitlerin
tornalanmasinda; kesici takim ucu, elyaf oryantasyonu (sarim yonii ve agis1), kesme hizi ve kuvveti, ilerleme
hizi, talag miktar1 ve talas derinligi parametrelerinin islenen malzemedeki yiizey kalitesi ve kullanilan kesici
takim asinmasi miktarina etkisi {lizerine yapilan calismalar arastirilmistir. Arastirma sonucunda karbon
elyaflarin sarim yonii ve acgisi degistiginde, tornalama sonrasinda talas tipi, talas miktarlar1 ve kesici takim
ucundaki asinma oranmin da etkilendigi goriilmiistiir. Ozellikle ilerleme ve kesme hizi etkisinin islenen
malzemedeki yiizey piiriizliligi ve kullanilan takim asinmasi iizerindeki etkisinin biiyiik 6lgekli oldugu
ortaya koyulmustur.

Anahtar Kelimeler: Yiizey piiriizliiliigii, Karbon elyaf, Polimer matrisli kompozitler, Islenebilirlik, Kesici
takim asinmasi

ABSTRACT

Composite materials with polymer matrix; Thanks to its high strength, high impact resistance, flexibility, and
lightness properties, it is used in many industries such as maritime, space, aviation, motorsports, energy, and
defence. However, polymer matrix composite materials have low machinability properties. After processing
polymer matrix composites, problems such as poor surface quality and cutting tool wear are encountered. In
this study, in the turning of carbon-reinforced polymer matrix composites; In this study, the effects of cutting
tool tip, fiber orientation (winding direction and angle), cutting speed and force, feed rate, chip amount, and
depth of cut parameters on the surface quality of the processed material and the amount of cutting tool wear
were investigated. As a result of the research, it was observed that when the wind direction and angle of the
carbon fibers change, the chip type, chip amounts, and the wear rate on the cutting tool tip are also affected
after turning. In particular, it has been revealed that the effects of feed and cutting speed on the surface
roughness of the machined material and the wear of the tool used are large-scale.

Keywords: Surface roughness, Carbon fiber, Polymer matrix composites, Machinability, Cutting tool wear

INTRODUCTION

Composite Materials

Composite material is classified according to structure, type of reinforcement element, and matrix types; It is
classified according to the structure, type of reinforcement element, and matrix type. Composite material is a
new type formed by combining at least two or more of the same or different materials due to suitable
combinations and shows better properties according to the area of use [1]. High strength, lightness, non-
flammability, high fatigue strength and wear resistance, low electrical conductivity, design flexibility, good
fracture resistance, dimensional stability, high thermal resistance, and high corrosion resistance are the most
important properties of composite materials. The structure of composite materials consists of reinforcement
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and matrix phases [2]. The reinforcement phase provides strength to the material and protects it against load,
while the matrix phase keeps the reinforcement phase together and protects the material from environmental
effects [3]. Matrix materials are divided into three groups metal, ceramic, and polymer matrix composite
materials, according to the intended use of the composite material. As a reinforcement element, glass, carbon,
or aramid fiber is preferred by the area of use [4].

Carbon Fiber Fabric Types

Woven, knitted fabrics are knits produced by passing yarns in 0° and 90° directions over each other and
holding on to each other without a third material. Of these yarns, the 0° orientation is called the warp, and the
90° orientation is called the warp (weft). The way the yarns pass through each other is determined according
to the need and usage, and the types are named accordingly. The most commonly used weaving types in
composite production are plain, twill, and satin weaving [5]. According to the way how the fibers settle into
the tissue during manufacturing, composite types are shown in Figure 1.
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Figure 1. Composite types are according to how the fibers settle into the tissue [6].

Composite Structured Pipes

The primer is used as a mold release agent to facilitate post-process separation. Composite pipes are mostly
from inside to outside; They consist of three basic layers: lining, prepreg structure, and outer film. When high
pressure acts on the inner parts of open-ended composite pipes, stresses occur in the pipe in the circumferential
and axial directions. However, when these stresses are caused by internal pressure, the stress values in the
axial direction are accepted as "0" in the calculations. During manufacturing, many different types of stress
can be observed on the composite pipe, apart from environmental and axial stresses. The calculations of all
these stresses and the discontinuities that may occur due to them in the composite structure should be
performed by assuming that the outer film is absent. These advantages have led scientists to research CFRP
pipe manufacturing, and many studies continue to be conducted in this area.

Composite pipes, created by combining different pipe types, provide high efficiency and usage advantages; It
is used in piping systems such as sewer lines, water transport channels, and drainage lines. In addition,
composite pipes are frequently used due to their high resistance to chemicals, resistance to calcification and
corrosion, low losses during assembly, and providing fast and serial assembly [7].

Composite pipes, defined as Advanced Engineering Products, can be produced using three different
manufacturing methods: pultrusion, fiber wrapping, and rolling and wrapping. In the carbon fiber pipe
pultrusion production method, carbon fiber roving’s in the longitudinal direction and continuous form pass
through the thermoset resin pool, pass through the mold for the desired form, and are heated to cure and form.
Carbon fiber makes pipes susceptible to shear loads. For this reason, the fixing points that load at the
connection points should be designed to distribute the load [8].

Pultrusion manufacturing has the most common use among these methods. However, in this method, an
increase in weight is observed due to the presence of unidirectional reinforcement elements and the higher
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resin density due to the dipping process. The fact that the reinforcement material is in one direction in the
structure provides high strength in this direction, but products with low performance under compression and
torsion emerge. Compared to the other two methods, products that can be automated and have much lower
costs can be manufactured with this method in a short time. [9]. The visual in Figure 2 summarizes the
construction phase of the pultrusion process.
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Figure 2. Pultrusion process [10].

Since this method has no unidirectional fiber placement, materials that are resistant to bending and torsion
can be produced if requested. In the fiber winding process, the continuous fibers are passed through resin
baths, wound on the rotating mandrels at desired angles, and hardened. However, different winding techniques
cannot be used simultaneously in the inner structure since winding can be done in a single knitting type. Very
large pipe productions can be realized quickly in the fiber winding process, which is carried out with a high
degree of automation. In Figure 3, the open fiber winding method visually represents the continuous fiber
winding machine [11].

a)
Figure 3. a) Angled fiber winding method, b) Continuous fiber winding machine [11].

Sayman has created a new method for determining the stresses on polymer matrix composite pipes of different
thicknesses under the influence of hydrothermal forces. Composite layers were selected in fiber orientations
[0°/90°], [30°/-30°], [45°/-45°], and [60°/-60°]. [12].

Kalaycioglu et al., [90°, £55°, 90°] symmetrical and [£55°, 90°, 90°] asymmetrical 650 mm long, 65 mm
diameter, and 1.7 mm thick; They produced CFRP pipes and evaluated their burst resistance [13].
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Machinability of Composite Materials

In this review article, research was made on the machinability of polymer matrix composites. Optimum
machining parameters were investigated to ensure low cutting tool wear and surface roughness after
machining.

Composite materials need machining to remove roughness on their surfaces, remove burrs, drill holes, and
improve surface quality to be ready for use after being produced by various methods. Although some materials
such as glass, carbon, boron, alumina, and silicon carbide used as reinforcement in composites are quite
sensitive and hard, machining is used. Because reinforcing elements are brittle materials, brittle fracture occurs
instead of plastic deformation in the workpiece during machining. Due to the hard and abrasive properties of
the reinforcement elements used in composite materials, the choice of cutting tool material is of great
importance to minimize the wear of the cutting tool [14].

The processing of composite materials depends on the properties of the reinforcement and matrix phase, the
composition of the composite, and its response in the processing process [14]. In the review article, the effect
of fiber orientation (winding angle), cutting speed, feed rate, cutting tool type, mechanical properties of the
processed material on the surface roughness of the material after processing, and the amount of wear of the
cutting tool used during processing were examined in detail. In Figure 1 and Figure 2 below, the images of
different winding angles of carbon fibers taken under an SEM microscope and fiber weaving types are added
as sample images.

3 45° 0°
Figure 4. SEM images of carbon fiber composite material [15].

Machining in Fiber Reinforced Composites

Fiber-reinforced plastic composites are composite materials preferred for processing due to their high heat-
resistant tensile and compression strengths. Although the number of layers is high in terms of suitability for
machining, drilling has a significant place in terms of the machinability of these composite materials [16].
Ekici and Isik; conducted research on the surface damage that occurs while drilling glass fiber-reinforced
material as reinforcement. Drilling was carried out using 2, 3, and 4-fluted HSS drills with 60°, 90°, and 120°
tip angles. As a result of their experiment, it was revealed that the surface damage decreased with the enlarge
in the cutting speed, and the surface damage increased with the increased feed rate [17].

Phadnis et al.; investigated the effects of cutting parameters on thrust force and torque while drilling carbon
fiber-reinforced polymer epoxy composite materials. They stated that low feed rates and high cutting speeds
are ideal for drilling carbon and epoxy laminates [18].

R. Vinayagamoorthy et al.; investigated the effect of speed in the cutting process and cutting speed in the feed
direction, which is other cutting parameters, on ease of processing to reduce the processing time and cost.
However, the cutting force in fiber-reinforced plastic materials is less. By conducting extensive research on
the effects of production methods and processing parameters, they came up with conclusions about the
optimum conditions for processing. They investigated the surface roughness of glass fiber-reinforced plastic
pipes during drilling by filament winding method. They concluded that high spindle speed, depth of cut, and
low spindle speed would be used for drilling at low surface roughness [19].

Naresh et al., Using the Taguchi method, aimed to reveal the most appropriate parameter values for cutting
speed and surface roughness in glass fiber-reinforced composites. As a result of their research, they concluded
that the factor in values such as surface roughness, shear force, and delamination is the fiber angle. They
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concluded that the surface roughness and delamination increase with the increase in the cutting angle and feed
rate of the cutting tool and that the fiber angle affects the surface roughness the most [20].

In this study, Jinguang Du et al. mainly review the research on the machining status of carbon fiber-reinforced
ceramic matrix composites, including carbon fiber-reinforced polymer matrix composites, in terms of
conventional processing and non-traditional processing method. Traditional processing methods have
advantages such as production convenience and reduced equipment investment with developing technology.
It has advantages. However, tool wear is particularly severe when carbide tools are used. As a hard cutting
point, it rubs directly against the tool's cutting edge, causing the cutting edge to wear. Cutting heat occurs with
cutting the matrix, separating the fibers by breaking, and the friction between the cutting edge, the chips
formed, and the machined surface. The cutting heat mainly concentrates near the tool's cutting edge, causing
wear of the surface material on the tool and reducing the tool's cutting performance. PCD and CBN-type
cutting tools have excellent properties suitable for machining ceramic matrix composites in the conventional
processing of carbon fiber reinforced composites, which have low interlayer bond strength and whose shear
force exceeds the bond strength between layers during vertical fiber stacking, tearing, burrs, etc. Many
processing errors occur. Delamination defects occur during processing. During the drilling processes of these
composites, due to the force effect in the axis direction, the material in the outermost part is deformed and
withdrawn, which causes delamination, that is, the plate damage that occurs at the hole entrance and exits
from each other. [21].

Hintze et al.; researched the effect of the amount of delamination formed during the milling of carbon fiber-
reinforced composite material on surface damage and fiber angles. As a result of their studies, they observed
that the surface damage increased with the cutting tool with a large tip radius value. They showed that the
surface damage rate is reduced when low fiber angle carbon fiber reinforced material is used [22].

Senthil Kumar et al.; investigated the effects on tool wear by drilling plastic and titanium alloy layered
materials with carbon fiber reinforcement at different drilling parameters. As the number of holes increases,
the amount of wear enlarges, and they concluded that the chip is better removed from the surface and tool
wear is less in drills with a tip angle of 130° compared to drills with a tip angle of 118° [23].

Durao et al.; In their study, different drill bit geometries and feed rates were compared in the drilling process
of carbon fiber-reinforced laminated composites. Their study compared the compressive force after drilling,
the roughness of the perforated wall surface, and the delamination values after drilling. They stated that a low
feed rate reduces thrust force and delamination factor. They noted that the most suitable drills for high feed
rate are helical drills with 120° tip angle and step drills, and they could not reach a valid conclusion due to the
scattered hole surface roughness measurements [24].

Turning of Carbon Fiber Reinforced Composite Materials

Turning; It is called chip removal, using a fixed cutting tool over a cylindrical rotating workpiece. Turning is
among the most preferred operations in industrial sectors among traditional and modern machining methods.
Abrasion on the cutting tool surface during chip removal causes roughness on the part surface [25]. Wear on
the tool's surface is undesirable because it shortens the life of the tool and causes damage to the surface quality
of the part. In this case, factors such as the cutting speed of the cutting tool, the feed rate, the tip of the cutting
tool, the type of material preferred at the tip of the cutting tool, and the winding angle of the composite material
play an active role.

K. Abhishek et al.; highlights the application potential of a multi-response optimization path by integrating
nonlinear regression modelling, fuzzy inference system (FIS), and JAY A optimization algorithm for optimal
machining parameter selection during the turning process of carbon fiber reinforced plastic materials.
Experiments were carried out considering spindle speed, feed rate, and depth of cut as process control
parameters of fiber-reinforced epoxy matrix composites. The metal removal rate, the surface roughness
average, and the cutting force are considered unique features of the machining. With the baseline experimental
research, it has been observed that the JAY A algorithm provides reliable results with less computational effort
and time.

They considered metal removal rate, roughness average, and resulting cutting force as critical output responses
and noted other process responses, such as tool life and extent of tool wear. These include the dimensional
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accuracy of machine tool vibration and different roughness parameters of the machined product [26]. Figure
3 shows the composite pipes subjected to the turning process with different winding types and feed rates.

Figure 5. Turned composite pipes [26].

K. Vijay Kumar et al.; The effects of machining parameters on the material properties of hybrid composite
pipes produced by hand lay-up were analyzed. The turning process was carried out on carbon and aramid fiber
composite materials. They brought the minimum cutting speed and surface roughness values to the optimum
level. Depending on the experimental results, they modelled the analysis results mathematically. The study
used bisphenol as the resin, and bidirectional mixed composite material consisting of carbon and aramid fibers
as the reinforcement element. The parameters used in the experiment; were spindle speed, feed rate, and depth
of cut. As a result of this study, it was concluded that the cutting force increased with the increase in cutting
speed, the surface roughness decreased, the cutting force decreased with the rising feed rate, and the surface
roughness decreased when it started to advance [27].

Azmi et al.; Turning operations were carried out on two fiber-reinforced composite materials to determine the
power and specific energy constants and evaluate their effects due to differences in machining conditions. The
study discusses the durability, metal removal rate, and specific cutting energy of pultruded carbon fiber
reinforced plastic composites (CRFP) and carbon fiber composite pipes during the turning process at different
parameter settings. According to the test results, the effects of the parameters used for the turning process on
the chip removal and specific cutting energies of the fiber composites were determined. The increase in shear
is due to the MRR, as the experimental results show a positive linear relationship, and the shear strength (R?)
is very close to 1.0, regardless of the type of CFRP composites used. In addition to the experimental results,
it was revealed that the specific shear energy of both fiber composites was significantly affected by the feed
rate. The specific energy constant can be reduced according to the feed rate, especially for pultruded CFRP
composite and CFRP composite pipe. The relationships between the specific cutting energy and the feed rate
in the study revealed that it was in good agreement with the theoretical specific cutting force model [28]. Table
1 and Figure 6 express the linear relationship between cutting power and metal removal rate.

Table 1. Parameter values are considered for the cutting process [28].

Depth of cut, ap (mm) feed rate, f (mm/rev) V¢ (m/min) Condition
0.2 0.15, 0.30, 0.45, 0.60 20, 40, 60, 80, 100 Dry
0.1 0.10, 0.20, 0.40, 0.50 50, 100, 150, 200, 250 Dry
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Figure 6. Power and material removal rates at different feed rates [28].

In their study by N. Duboust et al., The surface roughness value was found using a non-contact optical method
for the commercial aspect and compared with a most preferred stylus profilometer. The edges of the
unidirectional and multidirectional carbon fiber plates are trimmed, slotted, and milled. The change in surface
roughness value was compared with the difference in the type of tool used, with different fiber placements
and separate cutting parameters. Surface damage and shear mechanisms were evaluated using scanning
electron microscope images, and the suitability of roughness parameters such as surface area (Sa), skewness,
and kurtosis was also analyzed. The optical system allowed accurate roughness calculation of individual plies
on a versatile composite plate with different fiber orientations. Also, research results have proven that the
optical system, including the use of areal roughness values, can improve the accuracy of the roughness
measurement of machined fiber composite surfaces and is less accurate in terms of position during
measurement than the stylus. The results obtained in the study, a new optical method was used to measure the
surface roughness and damage of the machined composite surfaces. The results confirmed that fiber
orientation is important in the stock removal mechanism and surface damage. 135° fiber orientation was the
critical fiber orientation for surface damage and roughness measurement. The parameters of kurtosis and
curvature are useful and represent surface quality and damage, including the presence of cracks, pits, and
protruding fibers. Statistical methods: showed that feed rate and tool variation had the most significant effect
on surface quality, and fiber placements varied most with changes in feed. The non-contact optical method is
a useful research method for measuring the surface roughness of processed composites. More importantly, it
allows the characterization of roughness or damage in single-ply layers of a machined versatile composite
plate in a way that is impossible with a stylus. This technique eliminates the insecurity issues associated with
measuring surface roughness with a stylus, thereby enabling a wider exclusivity of the profile and the complex
damage mechanisms seen in engineered fiber composite plates. [29].

Ki Soo Kim et al. Experimentally investigated the machinability of high-strength carbon fiber epoxy
composite materials for the turning process was experimentally investigated. Chip formation structures and
tool wear constants of the Taylor method were determined. In addition, surface roughness values were
measured according to cutting speeds and feed rates. Surface roughness depends more on feed and fiber wrap
angle than cutting speed. In the study, the results of the turning of carbon fiber-epoxy composite materials;
the cutting tool's edge wear increases with the fiber wrap angle increase. Also, the larger the fiber wrap angle,
the greater the dependence of tool wear on the cutting speed. Regarding edge wear and surface roughness of
the tungsten carbide cutting tool type, the cutting speed and feed rate are 20-40 m/min, respectively. And 0.2
mm/rev is recommended [30].

Ramesh et al.; investigated the effect of cutting parameters on surface roughness in the turning of Grade 5
titanium alloys at different cutting parameters with CVD (TiN, TiCN, Al203) coated hard carbide cutting tool
tips. They concluded that the feed rate is the most critical parameter affecting the surface roughness, the
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surface roughness increases significantly with the increase in feed rate and the depth of cut, and the surface
roughness value decreases with the increase in cutting speed [31].

Material Type and Properties in Machining of Composite Materials

Carbon fiber-reinforced composites cause brittle fractures depending on the winding direction and angle of
the fibers and may form chips with high abrasiveness during machining. Although the effect of the matrix
phase on the cutting force in composite materials is not as much as the reinforcement element, its impact on
chip formation is high. Due to the orientation of the fibers in the composite materials, the high strength
increases the shear force. Carbon fibers are materials with high thermal conductivity. Therefore, the heat
generated during machining moves away from the machining area, reducing cutting tool wear. However, the
heat-affected zone in the material increases. Glass and aramid fibers are materials with low thermal
conductivity. Therefore, the heat generated during machining cannot move away from the machining area,
and tool wear increases.

Due to the different thermal expansion coefficients of the fiber and reinforcement elements in composite
materials, stresses occur, and deformations are observed due to the expansion difference between the matrix
and the fiber. In addition, if the strength between the layers is low, chip breaking and layer separation can be
seen in the material [32].

R. Teti researched various subjects on processing metal-ceramic and polymer matrix composites. He
emphasized that the processing of composite materials requires different properties in terms of geometry and
wear resistance of the cutting tool. The wear mechanisms in the cutting tool are primarily related to the
physical and mechanical properties of the fiber difference in the matrix structures. Glass and carbon fibers
show a strong abrasive behavior due to their abrasive properties and structure. On the other hand, Aramid
fibers can cause deterioration in the cutting tool due to their low thermal conductivity and ductile properties.
Adhesive wear occurs when carbonized or molten matrix deposits build up on tool surfaces. The machinability
of metal matrix composites is critically affected by reinforcement and matrix hardness, with higher hardness
significantly shortening tool life. CBN and diamond-tipped (PCD) tools show better wear resistance than
carbide tools. While Carbide coated tools can be used economically in roughing operations, while PCD tools
should be used in finishing operations due to their long tool cycles. Coating carbide tools with high wear-
resistant TIN does not improve tool life, but the proper diamond coating is the best tool technology for tools
with complex geometry [14].

Effect of Cutting Tool on Machinability of Composite Materials

While the tool material is important in composite materials where high-strength carbon fiber reinforcement
material is used, the choice of tool geometry is a more critical factor in composite materials where low-strength
reinforcement material is used.

The coating process applied to the cutting tools is a method to increase the performance of the cutting tool.
Diamond-coated tools with high hardness coating and high abrasion resistance are preferred when processing
composite materials. Tool wear decreases as the particle size of the cutting tool material decreases. Sintered
carbide and PCD tools with fine grain size are used to process composites with increased strength with glass
fibers and carbon fibers.

Dipti Kanta Das et al.; The wear of the cutting tool was investigated during the turning of ceramic-reinforced
aluminum matrix composites. It has been shown that the tool wear mechanism is mainly affected by the edge
wear of the tool life during the turning of these composites. As the reinforcements strengthening agent size or
power-to-weight ratio weight increased, the cutting speed, feed rate, cutting depth, and the cutting tools edge
wear increased. Cutting speed and feed rate are the most important parameters affecting edge wear. The effect
of the depth of the shear surface on flank wear is limited. PCD cutting tools outperformed HSS, WC, ceramic,
CVD diamond-coated WC, and CBN cutting tools in terms of tool wear and life, even in the higher range of
cutting parameters when turning ceramic-reinforced aluminum matrix composites. They concluded that tool
wear increases with increasing particle size or weight ratio of reinforcement while turning ceramic-reinforced
aluminium matrix composites [33].

Celik et al.; conducted research on cutting tool materials, wear mechanisms, cutting forces, and surface
roughness in the machining of titanium and alloys by machining. As a result, they emphasized that the depth
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of cut should be low in turning and milling operations and cutting tools with high wear resistance and chemical
stability should be preferred. Pressurized coolants with lubricating properties should be preferred [34].

Xu et al.; In their study, they investigated the cutting performance of carbon fiber-reinforced polymer epoxy
composites by using polycrystalline diamond "PCD" drills in the drilling process. The PCD wedge drill
revealed more thrust than the PCD helical drill. They concluded that although greater thrust forces were
produced for PCD wedge drill cutting, they had lower surface roughness, smaller surface burrs, and less
delamination damage [35].

RESULTS

. Some of the conclusions drawn from the research are as follows:

. The cutting tool type and tip angle must be carefully selected and attached to the machine to minimize
cutting tool wear.

o Processing a composite; depends on the mechanical properties of the reinforcing material and the

matrix materials, the structure contained in a small amount of the composite material, as well as the
reaction of the material in the processing process.

o Glass fibers and carbon fibers exhibit a strong abrasive behaviour as they are naturally hard and highly
abrasive. Aramid fibers, on the other hand, disrupt the structure of cutting tools due to their low thermal
conductivity and ductility.

o Carbide tools, coated (diamond) carbide tools, and PCD tools show good results in tool wear and tool
life when machining glass fiber-reinforced composites and carbon fiber-reinforced composites.
However, the wear of these cutting tool materials is quite different from each other. Diamond carbide
and PCD tools have higher wear resistance than plain carbide tools.

. Ceramic-tipped cutting tools (CBN) are unsuitable because their low strength and high brittleness
make them susceptible to impacts. Their low thermal conductivity does not allow the machining heat
to dissipate.

. When the surface roughness of the glass fiber-reinforced plastic pipes during the drilling process with

the filament winding method was examined, it was concluded that low surface roughness was obtained
when high spindle speed, depth of cut, and low spindle speed were applied.

. After processing, the surface roughness of bidirectional composite materials consisting of carbon and
aramid fibers as matrix material, bisphenol resin reinforcement element, was investigated. As the
cutting speed increases, the cutting force increases, and the surface roughness decreases; It was
concluded that with the increase of feed rate, the cutting force decreased, and the surface roughness
increased initially and decreased when it started to feed rate.

. In turning carbon fiber-reinforced epoxy matrix composite materials, the edge wear on the cutting tool
increases in direct proportion to the increase of the fiber wrap angle. When the fiber wrap angle is
large, the tool wear depends more on the cutting speed. In addition, surface roughness depends more
on feed rate and fiber wrap angle than cutting speed.

. In machining carbon fiber-reinforced ceramic matrix composites, PCD and CBN-type cutting tools are
suitable for machining ceramic matrix composites and have very low tool edge wear properties.
Delamination defects occur during the processing of carbon fiber-reinforced ceramic matrix
composites, which have low interlayer bond strength and whose shear force exceeds the bond strength
between layers during vertical fiber stacking. Many processing errors occur. Tearing, burrs, etc. After
processing.

o During the drilling of carbon fiber reinforced ceramic matrix composites, the edge material is deformed
and withdrawn due to the movement of the axially loaded column, which causes the plates to separate
from each other, with a defect such as wear. The matrix fibers are pulled from the surface for burr
formation.
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MODIFIED METHOD OF DEFERRED MOIRE PATTERNS TO MEASURE DISPLACEMENT
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ABSTRACT

Measuring displacement with a digital camera using the moiré effect has certain advantages over direct
measurements. Previously, we proposed a method to measure the linear displacement of distant objects based
on the moiré effect.

To date, we have implemented the software and developed some improvements in the method. In particular,
we made simultaneous measurements of displacements in two directions. We have shown the use of an
approximate grid instead of a conventional linear grid with almost the same output readings. In addition, we
have converted the deliberately delayed original method into a real-time procedure.

Keywords: moiré effect, moiré measurements, phase measurement, moiré magnifier, public safety.

INTRODUCTION
The moir¢ is an optical effect we can meet all around us, see Figure 1.

¥

Figure 1. Examples of the moiré effect.

The moir¢ effect is the formation of patterns of longer periods caused by interference between similar periodic
structures of shorter periods plus averaging.

A useful application of the moiré effect is to measure the linear displacement (movement) of distant objects.

The moiré measurement is based on two principles: moiré magnification (Hutley et al., 1994) and phase
proportionality (Amidror, 2000). In terms of linear measurements, the magnified phase of the patterns means
the displacement. At each moment, the position of the oscillating grid is compared with the static computer-
generated reference grid, see Figure 2.
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Figure 2. Principle of measurements.

Measuring displacement with a digital camera using the moiré effect (with magnified phase) has advantages
over direct measurements (roughly speaking, counting pixels in camera images).

Previously (Saveljev et al., 2023), we proposed the deferred moiré method for measuring the linear
displacement of distant objects. Data processing is intentionally divided in two separate parts: data acquisition
and data processing. The first one is implemented as a video recording of a vibrating (displacing) object in the
field (“in vivo”), the second as the processing of that video in the lab (“in vitro™) any time later. The parts are
almost independent, which gives some flexibility in practical measurements.

RESEARCH AND FINDINGS
To date, we have developed some improvements. In particular, we made simultaneous measurements,
demonstrated the use of an approximate grid, transformed the deliberately delayed original method into a real-
time procedure, and implemented the real-time software.

The vertical and horizontal oscillations were measured in a parked car. To excite the vibration, the car was
pushed horizontally (the door to the side) and vertically (the hood down). For measurements, two
perpendicular gratings were attached to the car, as shown in Figure 3. “

The accuracy of measurements at the distance of 2.5 m was 10 pixels per mm, i.e., the minimal measured
displacement was about 0.1 mm.

Figure 3. Layout of simultaneous measurements.
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In some cases, we might not install the regular grid on an object, while other almost similar structures might
exist. Therefore, we consider approximate grids, as in (Saveljev at al., 2020). An example is shown in Figure

4,
= =
— :::-._::_::-‘ % H'H'u T—
= E -'__-‘___-'} _:(?i; - (' (‘ I TMF t,'ﬁ,w.';.’.‘.’.-(. H s
—— ;'__ ::_ =3 % il
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Figure 4. (a) Regular and approximate grids, (b) their profile, (c) output signal.

In the test of damped oscillations of a plastic rod, except for the amplitude, the period and the exponential
decay rate were measured: 0.503 vs. 0.501 sec, 0.099 vs. -0.098 sec-1, both parameters practically identical
for both regular line grid and the randomized approximate grid.

In a monitoring system, the data should be sent to a data collection unit regularly without interruption. In this
case, we need to implement all the processing algorithms in real time; otherwise, some information could be
lost, which is unacceptable in a real-time monitoring system. There are two separate hardware parts in the
real-time system: (1) the grid on the object and (2) the camera + processor, see Figure 5.

1. 2.

Local comp / p-controller
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1 ]
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1 1

1 ]

1 ]

__________________________________

The results of the real-time measurements were displayed in two options: in the command line and in a separate
window. In parallel, the measured data are recorded (and processed later, probably, in a different way).

CONCLUSION

Simultaneous measurements of displacements in two directions were carried out. At a short distance of 2.5 m,
the accuracy of measurements was about 0.1 mm.

We have demonstrated the usage of an approximate grid. The results are practically identical for both grids
(regular and approximate).

We have implemented a real-time moiré measurement algorithm that does not need intermediate data storage.
All calculations (including two-stage unwrap) are performed in one pass, within the time interval between the
successive camera frames (30 msec at 30 FPS). The accuracy was 0.2 mm at distances up to 20 m.

The results can be applied in various fields: measuring vibrations in bridges and vehicles, detecting cracks in
structures, as well as for medical purposes (respiratory rate).
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GECIRIMSiZ YUOZEYLERIN YAGMUR SUYU YONETIMINE ETKiSi
EFFECT OF IMPERMEABLE SURFACES ON STORM WATER MANAGEMENT

Pelin Sertyesilisik
ORCID: 0000-0003-4047-3614

OZET

Uzun siireli ve sik yagis olaylar1 ve niifus artisi, sel gibi kentsel su yonetimini olumsuz etkileyebilir. Kentsel
alanlarda ylizey taskinlarinin yikict sonuglart olabilir. Kentsel alanlarda, gec¢irimsiz yilizeylerin sayisinin
artmasi nedeniyle drenaj sistemlerini yonetmek zor olabileceginden, drenaj sistemlerinden yogun su ¢ikislari
olabilir. Drenaj sistemlerinin girdileri yagis, igme suyu ve atik su olabilir. Bu calisma, gelismekte olan
bolgelerde yagmur suyunun yonetimine odaklanmaktadir. EPA SWMM ile yagmur suyu modellemesi
yapilmistir. EPA SWMM, yagmur suyu drenaj sistemindeki su seviyesini goriintiilemek i¢in kullanildi.
Iboyutlu drenaj ag1 modeli, kanal, baglant1 ve alt havza 6zelliklerini icermektedir. Baslica en 6nemli veri olan
Dijital Yiikseklik Modeli (DEM) ile havzadaki egim, akis yonii ve ¢ikis noktas tespit edildi. DEM, LiDAR
ve Sokak goriiniimii giris verileri, Arc MAP yazilimi ve Google Earth araciligiyla incelenmistir. Bu ¢alismada
gecirimsiz yiizeyin yiizey akisi lizerindeki etkisi gdzlenmistir. Arastirma sahasi gelisme potansiyeli olan
Afyon Meslek Yiiksekokulunun bulundugu alan secilmistir. Bu ¢alisma, arastirma alaniin yagis olaylarina
kars1 yiizey tagkin riskini ve drenaj sistemi tasarim parametrelerini incelemektedir. Bu arastirmanin sonuglari,
yesil catilar veya gecirgen kaldirimlar gibi cesitli diisiik etkili kentlesme uygulamasi kontrol stratejileri
uygulanarak, kentsel drenaj sistemlerini iklim degisikligine ve kentlesmeye karsi iyilestirmek igin
kullanilabilir.

Anahtar Kelimeler: Kentsel Taskin Riski, Yagmur Suyu Modellemesi, EPA-SWMM.

ABSTRACT

The prolonged and frequent rainfall events and population growth can adversely impact urban water
management, such as surface flooding. Surface flooding in urban areas can have devastating consequences.
In urban areas, the surface overflow can be the outflows from drainage systems because it can be challenging
to manage drainage systems due to the increased number of impermeable surfaces. The inputs of the drainage
systems can be rainfall, drinking, and wastewater. This study focuses on managing stormwater in developing
areas. Stormwater modelling was done via EPA SWMM. The EPA SWMM was used to display the water
level in the stormwater drainage system. The 1D drainage network model includes conduit, junction, and sub-
catchment characteristics. The primary input data, The Digital Elevation Model (DEM), was used to determine
the slope, flow direction, and outflow point. The DEM, LIDAR, and Street view input data were studied via
the Arc MAP tool and Google Earth. The impact of the impermeable surface on the surface runoff was
observed in this study. The research site is Afyon Vocational School which has a potential developing area.
This study examines the research area's surface flood risk against rainfall events and drainage system design
parameters. The outcomes of this research can be used to improve urban drainage systems against climate
change and urbanisation by implementing various Low impact development (LID) control strategies, such as
green roofs or permeable pavements.

Keywords: Urban Flood Risk, Storm Water Modelling, EPA-SWMM.

GIRIS

Kentsel tagkinlar, kiiresel iklim degisikligi, niifus artis1 ve kentlesme nedeniyle drenaj sistemlerinin bu
durumlara adapte olamayis1 sebebiyle goriilebilmektedir (Oner, 1997; Schmitt vd., 2004; Liu vd., 2022).
Kentsel alt yap1 sistemleri ile atiksu, igme suyu ve yagmur suyu tasinabilmektedir bu su ¢esitleri yasamin
devamui i¢in 6onem tasimaktadir. Bu sebeple 6zellikle temiz su sistemleri ve kirli su sistemlerinin tasarim ve
bakimia 6nem verilmelidir. Tasarim kisminin en 6nemli oldugu durumlardan biride yeni yerlesmelerin
goriilecegi yerler olabilir. Ozellikle, gegirimli yiizeyler gecirimsiz yiizeyler doniistiiriilmesi ile yagmur
sularinin topraktan sizmasinin azaldigi, ylizey akisinin arttig1 bilinmektedir. Bununla beraber iklim degisikligi
ile yagis olaylari ani ve siddetli olarak goriilebilmektedir (Wang & Zhou, 2005).
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Tiim bu sebeplerden 6tiirli bu ¢alismada gelisme bolgelerindeki yagmur suyu yonetimine katki olmasi
amaglanmistir.

ARASTIRMA VE BULGULAR
Metot
Calismanin metodu su adimlardan olusmaktadir.
1. Caligma alaninin yiikselti, egim, toprak yapisi, ylizey kullanim alanlarinin tespiti,
2. Calisma alanin da ki yagis olaylarmin tespiti,
3. Yagmur suyu yonetimi boru sisteminin modellenmesi

Arastirma alanimiz Sekilde 2.1(Google Earth, 2022) de belirtilen kirmizi kare igindeki alandir. Bu alana diisen
yagisin EPA-SWMM programiyla simiilasyonu ile yagmur suyu drenaj sisteminin incelenmesi yapilmistir
(US-EPA, 2009; Rossman

el —

Legend
— § () #yon Vocational School s
e

Sekil 2.1. Calisma Alan1 Afyon Meslek Yiiksekokulu

rojl'é"E'érth i

PR e 000 s ctinolales

Bu calismada EPA-SWMM programi Dinamik Dalga Analizi yontemi secilerek kullanilmistir. Siireklilik ve
momentum formiilleri kullanilmaktadir. Bu denklemlerin tiiretilmesi, Henderson (1966), Cunge vd (1980) ve
French (1985) gibi standard metinler de bulunulabilmektedir.
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EPA-SWMM modeline girilmesi gereken egim (%) degerleri, ArcGIS programina girilen DEM verisiyle elde
edilmistir (US-EPA, 2009; Rossman & Simon, 2022). Bir diger 6nemli veride yagmur suyu verisidir.

Time Series 19/06/2019
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Sekil 2.2 19.06.2019 giiniinde goriilen yagis ylikseklikleri (mm)/zaman (saat)

19.06.2019 giinlinde goriilen yagis yiikseklikleri (mm) /zaman (saat) Sekil 2.2 de goriilmektedir. Bu yagmur
olaymin seg¢ilmesinin sebebi ani bir siddetli yagis goriilmesidir.
Calisma alani iki ana alt havzaya ayrild1 bu alt havzanin 6zellikleri Tablo 2.1°den goériilebilir. Bu iki alt
havzaya diisen yagislar Tablo 2.2 ve Tablo 2.3 de gosterilen Ozeliklerdeki altyap:r sistemleri ile

tasinmaktadirlar.
Tablo 2.1. Kullanilan alt havzalarin 6zellikleri
Ozellikler S-C1 S-C2
Alan (m?) 9554 10390
Genislik (m) 93.18 85.16
% Egim 2.5 2.5
% Geg¢irimsiz alan 93 87
N-Imperv 0.011 0.011
N-Perv 0.41 041
Dstore- Imperv 0.07 0.07
Dstore-Perv 0.15 0.15
%Zero-Imperv 25 25

Tablo 2.2. Akar kot

Baglanti Noktalari Akar kot (m)
J1 1009,20
J2 1008,92
J3 1009,17
Cikis 1007,59
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Tablo 2.3. Yagmursuyu Borularmin Ozellikleri

Yagmursuyu Borular1 | Uzunluk (m) Materyal Siirtiinme Max. Derinlik
katsayisi (m)

Con1l 74 Korige 0.02 0.4

Con 2 45,75 Korige 0.02 0.4

Con 3 17,21 Korige 0.02 0.4

Deneysel sonuclar ve degerlendirmeleri

Tablo 2.1,2.2 ve 2.3 ve Sekil 2.2°deki veriler programa aktarilip program ¢alistirildiginda analiz sonuglari

Sekil 2.3°de yer almaktadir.
08
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Sekil 2.2 Alt havza 2 ye ait yagmur suyu borusundaki kapasite

0.06

0.04

w (CMS)

Total Inflov

0.02

0.0
0

10

Elapsed Time (hours)

20

Sekil 2.3 Alt havza 2 ye ait yagmur suyu borusundaki toplam giris debisi

Alt havza 2 ye ait yagmur suyu borusundaki toplam giris debisi 0.05 cms degerinde ve kapasite 0.7 degerine
yaklagmaktadir. Bu boru hattinda yeni yapilagmalarla, ileride daha fazla su girdileri olabilecegi i¢in planlama
yapilirken bu borunu su kapasitesini etkileyen faktorler net belirlenmeli. Bu sebeple alt havza 2’nin
gecirimsizlik yiizdesi %87 den 50 ye diisiiriildii ve model tekrar galistirildi.
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Sekil 2.5 Alt havza 2 ye ait yagmur suyu borusundaki toplam giris debisi

Sekil 2.4’te gortldiigii lizere gegirimsizlik yiizdesi disiiriildiiglinde borunun kapasite doluluk orani
baslangicta azalmaktadir. Benzer sekilde (Sekil 2.5) yagmur suyu borusundaki toplam giris debisinde de
azalma goriilmiistiir. Bu durum gecirimli alanin doygunluga ulagsmasindan etkilemis olabilmektedir. Bir diger
analizde boru tam doluluk yasanmadigi i¢in pik derinlik 0,4 m’den 0,3 m ye indirildi ve maliyetin azaltilmasi
amaclandi.
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Sekil 2.6. Alt havza 2 ye ait yagmur suyu borusundaki kapasite

Sekil 2.6 da goriildiigii izere borunun maksimum derinligi 0,4 m’den 0,3 metre indirildiginde
kapasitesindeki doluluk degeri maksimum degere yaklagmaktadir.

SONUC

o Bu ¢alisma, gelismekte olan bolgelerde yagmur suyunun yonetimine odaklanmaktadir.

o EPA SWMM, yagmur suyu drena;j sistemindeki su seviyesini goriintiilemek i¢in kullanildi. Bir
boyutlu drenaj ag1 modeli, kanal, baglant1 ve alt havza 6zelliklerini igermektedir.

o Bu c¢aligma siirdiiriilebilir kentsel altyap1 tasarimina katki amagli yapilmaktadir.

o Alt havzanin gecirimlilik ylizdesini c¢atidaki yagmur suyunun ayrica toplanip direkt
kanalizasyon sistemine verilmesinden etkilemektedir.

o Alt havzanin gecirimlilik ylizdesinin artirilip topraktan yagmur suyunun verimli bir sekilde
sizdirilmasi boru maliyetini ve tagkin riskini diisiirebilir.

o Iklim degisikligi sebebiyle goriilen ani kisa siireli ama yogun yagislarin kanalizasyon sistemine
olan ani ytiklerini ve yagmursuyu debisini azaltici yesil cati, su depolari, gecirimli kaldirimlar
gibi uygulamalar yapilmalidir.

o Suyun akis yolunu ve siiresini diizenleyici yontemler gelistirilmelidir.

o Bununla birlikte egiminde ¢ikis debisine belirgin etkisi bulunmaktadir.

KAYNAKCA

1. Cunge, J. (1980). Practical aspects of computational river hydraulics. Pitman Publishing Ltd. London,

(17 CUN), 1980, 420.
2. EPA SWMM, available at: https://www.epa.gov/ water-research/storm-water-management-model-

swmm, last access: 07 Novenber 2022.

French, R. H. (1985). Open-channel hydraulics (p. 705). New York: McGraw-Hill.

Google Earth. (2022). Afyon Vocational School. Maxar Technologies. Imagery Date 7/16/2022.

Henderson, F. M. (1966). Open channel flow Mac Millan Publishing Co. Inc., New YorlC 1966, 288-

324.

6. Liu, B., Xu, C., Yang, J,, Lin, S., & Wang, X. (2022). Effect of Land Use and Drainage System
Changes on Urban Flood Spatial Distribution in Handan City: A Case Study. Sustainability, 14(21),
14610.

g s w


https://www.epa.gov/

10.

11.

15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

Oner, S.S. (1997). The Use of SWMM simulation model in urban storm water management [Master
Thesis, Dokuz Eyliil University]. Ulusal Tez Merkezi Repository.

https://tez.yok.gov.tr/Ulusal TezMerkezi/ 65574 /

Rossman, L. A. (2017). Storm Water Management Model Reference Manual VVolume 11 — Hydraulics.

U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-17/111.

Rossman, L. A. and Simon, M.A. (2022). Storm water management model user's manual, version 5.2
(p. 424). Cincinnati: National Risk Management Research Laboratory, Office of Research and

Development, US Environmental Protection Agency.

Schmitt, T. G., Thomas, M., & Ettrich, N. (2004). Analysis and modelling of flooding in urban
drainage systems. Journal of hydrology, 299(3-4), 300-311.

https://doi.org/10.1016/j.jhydrol.2004.08.012.
US-EPA. (2009). Storm Water Management Model, Applications Manual.



https://doi.org/10.1016/j.jhydrol.2004.08.012

15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

ANALOG pH SENSORUN ESP8266 TABANLI MiKRODENETLEYiCi DEVRESINDE FARKLI
KABLO UZUNLUKLARI PERFORMANS KARSILASTIRMASI
PERFORMANCE COMPARISON OF DIFFERENT CABLE LENGTHS IN ESP8266 BASED
MICROCONTROLLER CIRCUIT OF ANALOG pH SENSOR

Kamil Aykutalp Giindiiz
ORCID: 0000-0002-2290-5447
Fatih Basciftci
ORCID: 0000-0003-1679-7416
Ziileyha Yilmaz Acar
ORCID: 0000-0002-4488-478X

OZET

pH algilayicilar sivilarin kalitesini 6lgme islemlerinde kullanilirlar. Su ve baska ¢ozeltilerdeki asitlik ve bazik
durumlari tespit ederler. pH algilayicilar endiistrinin birgok alaninda, hem siv1 gidalarin iiretim asamalarinda
hem de kimyasal laboratuvarlarda kalite ve verimliligin iyilestirilmesinde kullanilirlar. Genellikle fabrika
cikigh kalibrasyona sahip ve farkli kablo uzunluklarina sahip olarak tiretimleri yapilir. Kalibrasyon iglemi, seri
iretimi yapilan sensorlerin kendi entegre devreleri {izerinden gerceklestirilir. Bu ¢esit algilayicilar, kendi
iizerlerinde bulunan dijital gostergeler sayesinde sonuclari gosterdiklerinden, verilerin uzaktan takibi ve
izlenmesi miimkiin olmamaktadir. Bu ¢alismada, piyasada uygun fiyatli olarak satilan ve birgok bilimsel
aragtirmalarda kullanilan analog pH algilayicilarin fabrika c¢ikishi kablo uzunluklari degistirilerek, pH
verilerinin karsilastirmalar1 yapilmustir. Nesnelerin Interneti (Internet of Things, 1oT) teknolojisi ile diinyay1
gbézlemleme yetenegine sahip, veri isleyebilen, verileri analiz edebilen ve karar verme islemleri
gergeklestirebilen, kablosuz algilayicilar yardimiyla canli cansiz nesneleri tanimlayabilen sistemler
gelistirilmeye baslanmustir. [oT destekli cihazlar, internet iizerinden birbirleriyle konusabilir ve boylece kendi
aralarinda veri aktarimi yapabilirler. Bu 6zelliginden dolay1 IoT teknolojilerinin verdigi olanaklarla, akilli
sehir, akilli ev, akilli trafik, akilli tarim ve biyomedikal sistemlerinin yan1 sira akilli ¢iftlik ve hayvancilik
alanlarinda da kullanimi giinden giine artmaktadir. Bu ¢alismada [oT uyumlu ESP8266 tabanl iki farkli
mikrodenetleyici ile analog pH algilayicidan veriler kablosuz olarak kayit altina alinip karsilastirmalar
yapilmisgtir. Seg¢ilen mikrodenetleyiciler, IoT (Internet of Things) projelerinde kullanilabilir modellerden
secilmistir. Boylece analog pH algilayicilarin fabrika cikisli yapilar1 degistirilerek, kablosuz aglarla
olusturulan projelerde kullanimlarinin uygunlugu incelenmistir. Calismada farkli pil besleme {initeleri
kullanilarak karsilastirmalar1  yapilmistir. Aynmi  6zelliklere sahip analog pH algilayicilarin - ve
mikrodenetleyicilerin kablo uzunluk performans sonuglart Slgiilmiistiir. Sensorlerin fiziksel degisimleri,
Esp8266 tabanli donanimsal devre tasarimlar1 ve yazilim yazarlar tarafindan gelistirilmistir.

Anahtar Kelimeler: Algilayici, Analog pH, ESP8266, [oT, Kablo.

ABSTRACT

pH sensors are used to measure the quality of liquids. They detect acidity and basicity in water and other
solutions. pH sensors are used in many areas of industry, both in the production stages of liquid foods and in
chemical laboratories to improve quality and efficiency. They are usually produced with factory calibration
and with different cable lengths. They are usually produced with factory calibration and with different cable
lengths. The calibration process is carried out on the sensors own integrated circuits. Since these kinds of
sensors show the results thanks to the digital indicators on them, it is not possible to monitor and monitor the
data remotely. In this study, comparisons of pH data were made by changing the factory cable lengths of
analog pH sensors used in many scientific researches and sold at affordable prices in the market. With the
Internet of Things (1oT) technology, systems that have the ability to observe the world, process data, analyze
data and perform decision-making processes, and identify living and inanimate objects with the help of
wireless sensors have begun to be developed. 10T supported devices can talk to each other over the internet
and thus transfer data among themselves. Due to this feature, the use of smart city, smart home, smart traffic,
smart agriculture and biomedical systems, as well as smart farm and animal husbandry, is increasing day by
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day with the opportunities provided by loT technologies. In this study, data from two different IoT compatible
ESP8266-based microcontrollers and analog pH sensors were wirelessly recorded and compared. Selected
microcontrollers are selected from models that can be used in 10T (Internet of Things) projects. Thus, the ex-
factory structures of analog pH sensors were changed and the suitability of their use in projects created with
wireless networks was examined. In the study, comparisons were made using different battery supply units.
The cable length performance results of analog pH sensors and microcontrollers with the same characteristics
were measured. Physical changes of sensors, hardware circuit designs based on Esp8266 and software have
been developed by the authors.

Keywords: Analog pH, Cable, ESP8266, 10T, Sensor.

GIRIS

Endiistri 4.0 ile birlikte ilerleyen teknolojik gelismeler, internete baglanan insan ve makine sayisinin artmasina
neden olmaktadir. Bu rakamlara gore, 2023 yilinda diinya tizerindeki internete bagli cihazlarin %34 iinii M2M
ve loT cihazlarinin olusturacagi ongoriilmektedir (CISCO VNI, 2023). 10T (Internet of Things), akilli ev
sistemleri, e-saglik, ekolojik sistemler, tarim, hayvancilik, enerji, sehirler, 6lgiimler, endiistriyel kontrol,
giivenlik ve acil durumlar, aligveris, lojistik gibi bir¢cok alanda kullanilir (Gokrem, 2016).

Danimarkali bir kimyagerin 1909 yilinda tanimlamasiyla pH kavrami kullanilmaya baslanmistir (Keskin,
2010). pH degerleri ol¢timlerinin 6nemli oldugu alanlardan bazilari ise; gida, atik madde, tarim, hayvancilik,
biyoteknoloji, galvanizasyon, yiizme havuzlari, osmosis tesisleridir (Olmez, 2009). IoT ¢alismalarinda rol alan
nesnelerin karmasik yapida olmasi sebebiyle bu cihazlarin haberlesmesinde de cesitli iletisim yontem ve
teknolojileri kullanilir. Wi-fi, IEEE 802.15.4, Bluetooth, Z-wave, LTE ve LPWAN bu teknolojilere 6rnek
olarak gosterilebilir (Khalil & Ozdemir, 2018). Amag, sistem gereksinimlerine gore uygun baglant: tiiriinii
secmek, islene verilerin etkin halde isletilmesini saglamaktir (Bozdogan, 2015).

IoT’nin gerceklesmesi i¢in temelde nesnenin internet agina baglanip, iizerindeki en az bir sensor ile alinan
degerlerin sunucu ortamina veya baska bir ag cihazina aktarilmasi gerekir. Bunun i¢in gerekli asamalar;
besleme {initesi, mikroislemci, sensdrler ve internet baglantisidir. Bu calismada gelistirilen IoT cihazi,
Esp8266 modiile sahip mikrodenetleyici iizerinde bulunan analog pH sensoriinden oOlgiilen veriler
incelenmistir. Fabrika ¢ikish pH algilayicidan BNC konnektoriine baglanmay1 saglayan kablo uzunlugunun
farkl algilayici ve farkli mikrodenetleyicilere gore karsilastirmasi yapilmastir.

ARASTIRMA VE BULGULAR

Donanim Calismalari

Sanayide pH o6l¢iimii, dl¢limii yapilan ¢ozelti veya kati nesnenin igindeki asit veya bazik degerlerinin
ol¢timlenmesinde kullanilan dlgerler tarafindan gergeklestirilir. pH, bir siv1 ¢6zeltisinin asitlik veya baziklik
derecesini gosteren bir terimdir. 0’dan 14’e kadar olan bir aralikta dl¢iiliir (Kogak, 2018). pH terimindeki p
harfi, eksi logaritmanin matematiksel gosteriminden, H harfi ise hidrojenin kimyasal formiiliinden
tiiretilmislerdir (Yarba, 2019). Saf suyun pH degeri 7,0°dir. Sekil 2.1°de farkli model analog pH olgerler
gosterilmistir.

Sekil 2.1. Analog pH sensorleri
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Tablo 2.1°de kullanilan pH 6lgerin ve fabrika ¢ikish konnektoriin teknik 6zellikleri listelenmistir.

Tablo 2.1. pH sensorii teknik 6zellikleri

Tanim Teknik Ozellik

Gii¢ Modiili +5,0V

Modiil Boyutu 43mm X 32mm

Olgiim Aralig 0-14pH

Sicaklik Olgiim Aralig 0-60 derece

Dogruluk: + 0,1pH (25 santigrat derecede)
BNC konektorii pH sensorii baglanir

PH2.0 Arabirimi (3-pin SMD)

Pot Kazang ayari

IoT nesnesinin mikrodenetleyici modiilii olan Wi-fi 802.11b/g/n standartlarin1 destekleyen ESP8266EX
tabanli mikrodenetleyiciler kullanilmistir. Sekil 2.2°de modelin pin bilgileri ve gorseli gosterilmistir. Kiigiik
boyutlu ve Arduino ile uyumlu olarak calisabilen, diisiik gii¢ tiiketen bir mikrodenetleyicidir. Bunlarin yani
sira teknik 6zellikleri; ESP-8266EX modeli, 3,3V ¢alisma gerilimine, 4MB flash bellege, 68,6 mm x 53,4 mm
boyutlarina ve 25gr agirliga sahiptir.

Sekil 2.2. Esp8266 modiillii mikrodenetleyiciler

GPIO1 »{ TXDO
GPIO3 {_RXDO
GPI05 { SCL

[CSCIK < GPIO14 v GPIO4 »{_SDA

[[MISO >~ GPIO12 3 GPI00 < FIASH.
GPIO2

[CMGSI -~ GPIO13
[Ccs F4GPIO15
[33v

Cihaz Gelistirme Calismalari

Cihaz, Olgiilen sivinin pH ve sicaklik bilgisini kablosuz olarak internet baglantisi {izerinden bilgisayar
ortamina gonderme islemini gergeklestirmektedir. Cihazin kaplanmadan onceki gelistirme asamalart Sekil
2.3’de gosterilmistir. Cihazda kullanilan materyaller Tablo 2.2°de gosterilmistir.

Tablo 2.1. Birinci cihazda kullanilan materyaller ve dzellikleri

Materyal Ozellik ve fonksiyonu

Wemos d1 mini Mikrodenetleyici / [oT cihazi

pH sensori Analog / pH degeri 6l¢timii
Analog-dijital doniistiirtici Sinyal dondistiiriicti / interpolasyon
DS18b20 sicaklik sensor Su gecirmez / sicaklik 6l¢tiimi
Anahtar Su gegirmez / pil kontrolii

18650 Li-on pil 3000mah / Giig linitesi
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Sekil 2.3. Gelistirme asamalari

3 %

P —

¢) 3.asama baglantilari d) 4.asama baglantilari

Deneysel Sonuclar

Besleme tinitesi olan 3,7V 3000mah batarya, islem dongiisii cer¢evesinde yaklasik olarak her 15 dakikada bir
derin uyku moduna gegerek pil Omriiniin 10 kat daha uzun Omiirlii olmasini saglamaktadir. Pil omri
hesaplamasi yapilirken Wemos d1 mini mikrodenetleyicisinin normal modda calisirken, aga baglanip verileri
gonderirken ve derin uyku modunda calisirken pilden ¢ektigi akim 6l¢iilmiistiir. Cihazin ¢ektigi akim normal
ve derin uyku modundaki durumlar1 Tablo 2.3’te karsilastirilmistir.

Tablo 2.2. Esp8266 modiillii mikrodenetleyici modlari ¢aligma akimlari

Wemos d1 mikrodenetleyici Olciilen (mah)
Derin Uyku Mod 5-6mah
Normal Mod 75-80mah
NodeMCU Olciilen (mah)
Derin Uyku Mod 9-10 mah
Normal Mod 110-120 mah

Cihazin bir saat i¢inde pilden ¢ektigi akimi hesaplamak i¢in hem normal modda iken hem derin uyku modunda
iken ¢ektigi akimlar Olgiilerek kaydedilmis, Sekil 2.4’te Olglimler ve Tablo 2.4’te ortalama akimlar
gosterilmistir.
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Sekil 2.4. Cihazin modlaria gore akim durumlari

Normal mod

Derin uyku mod

Tablo 2.3. Mikrodenetleyicinin ortalama harcadigi akim tablosu

Derin Uyku Mod (mah) Normal Mod (mah)
59 75,7
6,0 74,2
59 73,7
59
59 73,6
o 701
Her 5 dk’da bir 12 saat ’ 70.6
boyunca her saatteki diizenli 6,0 ’
akim ortalamalar: dlciimleri - 69,4
5,9 69,5
59
6.0 70,0
69,3
72,2
69,5
Ortalama 5,93 71,48

Kullanilan pH sensdriinden BNC konnektoriine kadar olan sinyali tagiyan kablo uzunlugunun o6l¢iim
sonuglarina olan etkisi diizenli 6l¢iimler yapilarak gézlemlenmistir. Iki ayn1 marka ve model pH probunun,
kablo uzunlugu degistirilerek, ayn1 mikrodenetleyici ve besleme {initeleriyle birlikte tasarlanmis, gonderdigi
veriler kayit altina alinmistir. Farkli kablo uzunluklarina sahip cihazlarin soliisyon iizerindeki testleri Sekil
2.5’te gosterilmistir.
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Sekil 2.5. pH probu kablo uzunluk karsilagtirmasi

a) Kablo uzunlugu = 30cm b) Kablo uzunlugu =3 cm

Tim diger ozellikleri ayni tutulan iki ayr1 devrede sadece pH probundan ¢eviriciye gelen kablonun
uzunluklarinin degistirilmesi ile gergeklestirilen dl¢ctimler Tablo 2.5’te gosterilmistir.

Tablo 2.5. Farkli uzunluktaki kablolar ile ger¢eklestirilen dlgtimler

Ol¢iim sayis Kablo uzunlugu 30cm (élgiilen pH) Kablo uzunlugu 3cm (olgiilen pH)
1 6,84 6,87
2 6,85 6,85
3 6,84 6,85
4 6,89 6,81
5 6,89 6,89
6 6,84 6,84
7 6,87 6,87
8 6,87 6,89
9 6,89 6,85
10 6,85 6,87
Ortalama 6,863 6,859

*QOlgiimler 150dk boyunca her 15dk’da bir yapilmustir.

SONUC

7,01 pH degerindeki bir solisyonun her 15dk’da bir yaklagsik olarak 3 saatlik bir siirede alinan 10 dl¢lim
sonucunda pH probuna ait olan fabrika cikisli kablo uzunlugu ile alinan 6l¢timler ile kablonun 10 kat
kisaltilmas1 sonucunda alman oSlgiimler karsilagtirilip sonuglari incelenmistir. Bu inceleme sonucunda
kablonun kisaltilmis olmasi Ol¢iim dogrulugu agisindan hata kabul edilebilir bir farkin olusmadigini
gostermektedir. Olgiimler oda sicakhiginda (=26°C) dl¢iilmiis olup esit sartlarda 6l¢iim ortami saglanmistr.
Arduino uyumlu olmayan ve endiistriyel olarak iiretilmis analog pH algilayicilarinda direkt olarak kablo
uzunlugu dl¢timleri etkilemektedir. [oT uyumlu mikrodenetleyiciler iizerinde pH 6l¢timleri yapilirken segilen
algilayic1 onem tagimaktadir.

Kablonun fiziksel degisimi asamasinda kesilen uca yine ayni kalitede baska bir BNC konnektorii baglanarak
Olgtimler gerceklestirilmistir. Farkli analog sensdrler kullanildiginda, BNC konnektdriin uyumsuz se¢ilmesi
durumunda ise tutarsiz pH degerlerinin alindig1 goézlenmis, ayrica dijital gevirici lizerinde bulunan buffer
1s181n1n yesil 151k yerine kirmizi yandig1 gézlenmistir.
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ABSTRACT
Thermoelectric coolers have become a frequently preferred technology in the refrigeration industry, especially
in the last decade. In general, a circuit is formed by connecting two different semiconductor materials
electrically in series and thermally in parallel between two ceramic plates. When a current is applied to this
circuit, one of the ceramic plate surfaces starts to heat up and the other cools. This phenomenon is called the
Peltier effect, and thermoelectric coolers are also specifically called Peltier. In particular, their silent and
vibration-free operation, not containing any fixed parts, and being suitable for automation are the most
important reasons for preference compared to traditional cooling technologies. On the other hand, they are not
ideal for large cooling loads due to their poor performance compared to conventional cooling technologies.
For this reason, they are mostly preferred in portable cooling applications and low volume cooling loads such
as in-car refrigerators, minibars, organ and drug transport boxes. In recent years, new models and designs have
been developed to increase the performance of thermoelectric coolers. In these studies, it is generally aimed
to increase the cold side performance of the thermoelectric cooler by controlling the hot side temperature. For
this reason, fluid-cooled systems on the hot surface have been tried and significant improvements have been
achieved in the performance of thermoelectric devices.
Keywords: Thermoelectric cooling, COP, cooling power

INTRODUCTION

Throughout the world, there is a rapid transition period from fossil-based energy sources to environmentally
friendly renewable energy sources. This rapid transition is not only limited to the use of renewable energy
sources instead of fossil-based energy, but also important studies are carried out to increase the efficiency of
existing technologies (P. M. Cuce et al. 2021; Shoeibi et al. 2022). As a result of scientific studies, significant
improvements are achieved in the efficiency of many energy sources and devices. Regarding energy
efficiency, it is essential to increase the efficiency of cooling, heating, and ventilation systems, which
constitute a significant part of the energy consumed worldwide. In this context, new technologies have been
developed to replace systems containing environmentally harmful refrigerants, and studies continue in this
area today. One of these technologies is thermoelectric devices (TEDs) (Sun et al. 2022).

In general, TEDs consist of two different semiconductor materials, P-type and N-type, arranged in thermally
parallel and electrically series between two ceramic plates. TEDs can be used for cooling-heating or electricity
generation according to the effect applied (Guclu and Cuce 2019). TEDs used for electricity generation are
called thermoelectric generators (TEG) and work according to the so-called Seebeck effect. In this operating
setup, a temperature difference is created between the surfaces of the TED and the semiconductors are
connected to a circuit. As a result of the electron movement caused by the temperature difference, current is
observed in the circuit (Chen et al. 2022) . TEDs used for cooling are called thermoelectric coolers (TEC) and
work according to the so-called Peltier Effect. When the ends of the semiconductors are connected to a circuit
and current is applied to the circuit, one surface of the TEC starts to heat up and the other surface starts to
cool. Thus, with the help of TEC, the cooling process is carried out by extracting heat from the environment
(Fan, Rezania, and Gao 2022). A schematic representation of a typical TED is shown in Figure 1 (Bucher and
Amrouch 2022).
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Heat flow

Figure 1. Schematic description of TED (Bucher and Amrouch 2022)

In addition to their long life, TEDs are vibration-free and quiet, have no moving parts, can be produced in any
size and are suitable for automation. They are also suitable for applications requiring instant temperature
control thanks to their fast response times (Park et al. 2022). On the other hand, since they have low coefficient
of performance (COP) values compared to conventional cooling systems, they are not preferred in large scale
cooling or heating applications. Applications such as microprocessor cooling, in-car refrigerators, mini bars,
organ and drug transport boxes are the most preferred applications of TECs (Al-Bahrani et al. 2022). TEGs
are generally used to increase efficiency in hybrid systems.

RECENT DEVELOPMENT AND APPLICATIONS

The efficiency of TEDs depends on the size of the temperature difference between the surfaces. For example,
the lower the hot side temperature of TECs can be kept, the lower the cold side temperature decreases. For
this reason, liquid cooling processes are applied on these surfaces in order to increase the amount of heat
removed from the hot surface of the TEC (Gokgek and Sahin 2017). Cuce et al. (E. Cuce, Guclu, and Cuce
2020) investigated the effect of cooling with fluid on the hot surface on the cooling power of TECs
experimentally. They aimed to further increase the amount of heat transfer by using various nanofluids instead
of pure water as a refrigerant, and used various nanofluids for this purpose. According to the results obtained
from the study, it was seen that the temperature difference between cold and hot surfaces could be increased
up to 55% in the case of using 1% mixture ratio Al.Osz-water nanofluid. In another study, which is a
continuation of the study, hybrid nanofluids were tested as refrigerants and it was observed that the
temperature difference between hot and cold surfaces increased (Mert et al. 2022). In another study, electrical
consumption values were compared, and it was observed that not only the temperature difference between hot
and cold surfaces increased with the use of nanofluids, but also the temperature of the cooler cabinet decreased
faster, thus reducing the electricity consumption values (P. M. Cuce, Guclu, and Cuce 2022). In recent years,
hybrid systems have been created by using TEDs together with renewable energy sources, thus providing
energy efficiency (Wehbi et al. 2022). Zhang et al. (Zhang, Huang, and Chen 2022) compared the
performances of a single-photovoltaic (PV) system and a hybrid system consisting of PV-TEG-TEC in their
numerical study. It has been observed that with the hybrid system they developed, a 3.97% increase in energy
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efficiency can be achieved compared to the single-PV system. Singh et al. (Singh et al. 2022) investigated
performance improvements in PV modules with a hybrid cooling system developed using phase change
material (PCM) and TEC. A hybrid cooling system has been designed to prevent electrical efficiency
reductions caused by overheating PV modules. PCM is used on the back surface of the PV module, and the
cold surface of the TECs is contacted with the surface of the PCM. Aluminum fins were also used to remove
the heat from the hot side of TCE. The results obtained from the study showed that it is possible to obtain a
19.32% increase in electrical efficiency in the case of using a hybrid cooling system. Liu et al. (Liu et al. 2022)
conducted a study to monitor the thermal performance of high-temperature batteries by providing temperature
control with a hybrid cooling system consisting of PCM and TECs. TECs were used to prevent PCMs from
melting rapidly due to the heat absorbed from the batteries, and liquid-cooled blocks were used to remove the
heat from the hot side of the TEC. The optimum fin thickness (FT) was investigated during the study by
changing the fin thickness between PCM and TEC. According to the results, when the FT is increased to 8
mm, the temperature control time is extended by 12%, while the temperature difference increases by 13.7%.
On the other hand, when the applied current intensity was increased up to 6A, it was observed that the
temperature control time increased up to 87.42% while the COP values decreased. The optimum FT was
determined as 4 mm and the optimum current intensity was determined as 3A.

CONLUSION

TEDs are especially used in small space cooling and electronic cooling applications, thanks to their advantages
such as their compact structure, suitability for automation, long-term operation without maintenance and not
containing harmful fluids. On the other hand, it is a technology still under development due to its low COP
values. One of the most important improvements made for this purpose is the use of liquid-cooled blocks on
the hot surface. In addition, TEDs can be used with other systems to create hybrid cooling or electricity
generation systems. The efficiency of hybrid systems using TEDs is better than sigle-systems. For this reason,
its use with energy sources such as PV systems, biofuel systems, PCM-integrated systems is becoming more
common day by day.
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ABSTRACT

Thermoelectric devices have significant advantages such as silent and vibration-free operation, long life, no
moving parts, being suitable for automation and compact structure. Thanks to these advantages, it is a
frequently preferred method, especially for small-scale cooling and heating loads. Thermoelectric devices are
formed by connecting P and N-type semiconductors electrically in series and thermally in parallel between
two ceramic plates and work with the so-called Peltier and Seebeck effect. If a circuit is formed with two
different semiconductors and an electric current is applied, one surface of the semiconductor starts to heat up
and the other surface starts to cool. This phenomenon is called the Peltier effect and constitutes the working
principle of thermoelectric coolers. Likewise, if no current is applied to the circuit and a temperature difference
is created between the surfaces, a current rise is observed in the circuit. This effect is called the Seebeck effect
and forms the working principle of thermoelectric generators. The COP values of thermoelectric coolers are
low compared to conventional cooling systems. Therefore, they are not suitable for large cooling loads. In
recent years, studies have been carried out to increase the performance of these devices. In this study, the
effect of the Peltier position on cooling performance in thermoelectric coolers will be investigated
experimentally. For this purpose, a small-volume insulated cabinet was selected and its performance was
observed by placing the Peltier assembly on the top and bottom surfaces of the cabinet.

Keywords: Thermoelectric cooling, COP, cooling power

INTRODUCTION

Thermoelectric devices (TEDs) are devices that provide thermal energy using electrical energy or generate
electrical energy by utilizing the temperature difference (Sajid, Hassan, & Rahman, 2017). Generally, the
structure of TEDs consists of P-type and N-type semiconductor materials arranged between two ceramic
plates. TEDs are divided into two groups; thermoelectric generators (TEGs) and thermoelectric coolers
(TECs) (Zhao & Tan, 2014). TEGs work according to the called Seebeck effect. The seebeck effect, if a
temperature difference is created between the surfaces and the ends of the semiconductors are connected to a
circuit, a current is seen in the circuit (Champier, 2017). TECs, on the other hand, work according to the Peltier
effect, which is the opposite of this effect, and these devices are also called Peltier. In the Peltier effect, if the
ends of the semiconductors arranged between two ceramic plates are connected to a circuit and current is
applied, one of the surfaces starts to cool and the other to heat up. Thus, cooling processes are carried out with
the help of the cold side (Guclu & Cuce, 2019). The schematic representation of a typical Peltier is as in Figure
1 (URL-1).
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Figure 1. Schematic description of Peltier (URL-1).

As for the advantages of thermoelectric coolers, they are quiet and still, compact in structure, suitable for
automation, and long-lasting and low maintenance costs (Yu & Wang, 2009). In addition, TECs are used in a
wide range of areas, such as mini refrigerators, in-car coolers, drug transport boxes, electronic cooling, and
military and space research (Choi, Han, Cho, & Lee, 2018). On the other hand, TECs have low COP values
when compared to conventional cooling systems (Hermes & Barbosa, 2012). For this reason, studies to
increase the performance of TECs continue. In this context, one of the methods applied is to apply liquid
cooling on this surface in order to keep the hot side temperature of the Peltier at lower values (E. Cuce, Guclu,
& Cuce, 2020; P. M. Cuce, Guclu, & Cuce, 2022; Mert, Cuce, Guclu, Shaik, & Alshahrani, 2022). In this
study, the effect of the Peltier position on the cooling power of a small-volume thermoelectric refrigerator is
investigated. For this purpose, a mini refrigerator was designed, and manufactured and experimental studies
were carried out.

MATERIAL AND METHOD

During the experiments, a cabinet with a 3.5 L internal volume made of 60 mm thick insulation material was
used as the cooling cabinet. A 12 V 4 A Peltier was used by combining aluminum fins on its hot and cold
surfaces. A fan is used on the hot side fin to remove the heat faster. In order to better observe the effects of
natural convection and Peltier position, no fan was used on the cold surface. The Peltier assembly is placed in
the cabinet through the space opened in the middle of one surface of the cooler cabinet. Four K-type
thermocouples were used to measure cold and hot surface temperatures, outdoor and indoor temperatures. The
experimental setup is shown in Figure 2 and schematic description is shown in Figure 3.
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Figure 2. Experiental setup
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Figure 3. Schematic description

After the experimental setup was prepared, the cooling cabinet was positioned so the Peltier setup was on the
upper side and the measurements started. Then, the cooler cabinet was turned upside down and measurements
were taken again while the Peltier assembly was in the lower position of the cabinet. The experiments were
carried out under the same conditions and outdoor temperature. Experiment times were determined as the
steady state of the cold heatsink temperature.

CONCLUSION

In this study, the effect of the Peltier position on cabinet cooling performance was investigated in a small-
volume thermoelectric refrigerator. For this purpose, a cooling cabinet made of 60 mm thick insulation
material was used. The Peltier assembly was operated in two different situations, with the lower and upper
surfaces of the cooling cabinet, and the results were compared.

First, measurements were taken with the Peltier assembly in the upper position. After 2400 seconds, it was
observed that the temperature of the cooler cabin decreased from 24.8 °C to 17.7 °C. Meanwhile, the cold-
side heatsink temperature converged to -3.5 degrees. The results obtained are shown in Figure 4.
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Figure 4. Temperature values when the Peltier is in the upper position.

Then, the Peltier assembly was adjusted to the lower position of the cooling cabinet and tested under the same
conditions for the same time. At the end of 2400 seconds, it was observed that the temperature of the cooling
cabinet decreased from 25 °C to 21.5 °C, and the temperature of the cold-side heatsink from 30 C to -4.7 °C
as shown in Figure 5.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL

SCIENCES
March 04-06, 2023 Mus, TURKIYE
50 I I | I I I I
I I | | | | |
I I | | | | |
I I | | | | I
W -———M e R o e e S dT T =
7 | I I I I I I
/ I I | I I I I
AR N NS N
Sl o R T S I R
@ '-t-'—k‘;up..—..":;“"""_.;_ : s ; :
3 ‘ | | |.....'O‘Oro.OOOoooo'.oooo.oou+co.....oc|.ooo.oooo
c 0FtA—"———"d4——"—Ft————F+————t———————d————1
e
@ ] I | | | | | |
Q \ | I 1 1 1 1 1
g \ I J' — Ambient Temperature
O\ T | m————- Cold-Side Heatsink Temperature
A I sesccssssscses  (Cooled Cabinet Temperature
\\L : a=— == == Hot-Side Heatsink Temperature
0 =] I—\v:——t———— B e B v e o
| ~d | ! | !
10 | | | | | | |
0 300 600 900 1200 1500 1800 2100 2400

Time (s)
Figure 5. Temperature values when the Peltier is in the lower position.

It has been observed that in the upper position of the Peltier, the cooled ambient temperature reaches 3.8 °C
lower values at the end of the same period compared to the lower position. The results obtained from the study
showed that the Peltier position has an effect on the cooling performance when the forced air movement is not
applied with a fan on the cold surface in thermoelectric refrigerator applications.
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OZET

Anomali tespiti, gegmis ylizyilin baslarindan itibaren arastirilmaya baslanmis ve giiniimiizde yapay zeka
algoritmalarda meydana gelen gelismeler ile birlikte ¢esitli uygulama alanlarinda daha kapsamli yer almaya
baslamis bir konudur. Bu alanda bir¢ok teknik belirli alanlar i¢in 6zel olarak gelistirilmisken digerleri daha
geneldir. Konuyla ilgili arastirmaya yapilandirilmis bir genel bakis saglayan anomali tespiti lizerine bir
derleme yapilmistir. Mevcut teknikler, her bir teknik tarafindan benimsenen temel yaklasima dayali olarak
farkli kategorilerde gruplandirilmistir. Her kategori i¢in, teknikler tarafindan normal ve anormal davranig
arasinda ayrim yapmak i¢in kullanilan temel varsayimlar belirtilmistir. Bu varsayimlar, etkinligini
degerlendirmek i¢in belirli bir alana bir teknik uygularken kilavuz olarak kullanilabilir. Calismada her kategori
icin temel bir anomali saptama teknikleri agiklanmis ve o kategoride var olan farkli tekniklerin temel teknigin
varyantlar1 olduklar1 gosterilmistir. Ek olarak, anomali tespit tekniklerinin uygulama alanlar1 i¢in zorluklar
tanimlanmustir. Bu calismada ayrica, ger¢ek diinya uygulama alanlarinda énemli bir sorun olan tekniklerin
hesaplama karmasikligindan da bahsedilmistir. Bu derleme ¢alismasinda, konuyla ilgili temel bilgi verilmesi
amaclanarak farkli alanlarda nasil uygulanabileceginin daha iyi anlagilmasinin saglanacagi umulmaktadir.
Anahtar kelimeler: anomali tespiti, aykir1 deger tespiti, makine 6grenmesi, sinyal isleme

ABSTRACT

Anomaly detection is a subject that has been started to be researched since the beginning of the last century
and has begun to take a more comprehensive place in various application areas with the developments in
artificial intelligence algorithms today. Many techniques in this area have been developed specifically for
specific areas, while others are more general. A review was made on anomaly detection, which provides a
structured overview of the research on the subject. The available techniques are grouped into different
categories based on the basic approach taken by each technique. For each category, the main assumptions used
by the techniques to distinguish between normal and abnormal behavior are specified. These assumptions can
be used as a guide when applying a technique to a particular area to evaluate its effectiveness. In the study, a
basic anomaly detection techniques were explained for each category and it was shown that the different
techniques in that category were variants of the basic technique. In addition, the difficulties for the application
areas of anomaly detection techniques are defined. In this study, the computational complexity of the
techniques, which is an important problem in real world application areas, is also mentioned. In this review
study, it is hoped that it will provide a better understanding of how it can be applied in different fields by
aiming to give basic information about the subject.

Keywords: anomaly detection, machine learning, outlier detection, signal processing

GIRIS

Anomali tespiti, verilerde beklenen davranisa uymayan kaliplar1 bulma problemini ifade eder. Bu uyumsuz
modeller genellikle farkli uygulama alanlarinda anomaliler, anormallikler, aykiri degerler, uyumsuz
gozlemler, istisnalar, sapmalar, siirprizler, tuhafliklar veya Kkirleticiler olarak adlandirilir. Bunlardan
anomaliler ve aykir1 degerler, anomali tespiti baglaminda en sik kullanilan iki terimdir. Anomali tespiti, kredi
kartlar1, sigorta veya saglik hizmetleri i¢in dolandiricilik tespiti, siber glivenlik i¢in izinsiz giris tespiti,
giivenlik agisindan kritik sistemlerde ariza tespiti, endiistriyel sistem ve makinelerde tiretim hatalari, ariza
kestirimi ve diisman faaliyetleri icin askeri gbzetim gibi ¢ok cesitli uygulamalarda genis kullanim alam
bulmaktadir. Anomali tespitinin 6nemi, verilerdeki anormalliklerin ¢ok ¢esitli uygulama alanlarinda énemli
ve genellikle kritik, eyleme gecirilebilir bilgilere doniismesi gergeginden kaynaklanmaktadir.
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Ornegin, bir bilgisayar agindaki anormal bir trafik modeli, saldirtya ugramis bir bilgisayarm hassas verileri
yetkisiz bir hedefe gonderdigi anlamina gelebilir (Kumar 2005). Anormal bir MRI goriintiisii, kotii huylu
timorlerin varligini gosterebilir (Spence, Parra, ve Sajda 2001). Kredi karti islem verilerindeki anormallikler,
kredi kart1 veya kimlik hirsizligina isaret edebilir (Aleskerov’, t.y.). Bir uzay araci sensoriinden gelen anormal
okumalar, uzay aracinin bazi bilesenlerinde bir arizaya isaret edebilir (Fujimaki, Yairi, ve Machida 2005).
Verilerdeki aykir1 degerlerin veya anormalliklerin saptanmasi, istatistik camiasinda 19. ylizyilin baslarinda
incelenmistir (Stigler 1978). Zamanla, ¢esitli arastirma topluluklarinda cesitli anomali tespit teknikleri
gelistirilmistir. Bu tekniklerin ¢ogu, belirli uygulama alanlar1 i¢in 6zel olarak gelistirilmistir, digerleri ise daha
geneldir. Bu ¢aligma, anormallik tespitine iliskin arastirmaya yapilandirilmis ve kapsamli bir genel bakis
saglamaya calisir. Bu konuda aragtirmalarin yapildig1 farkli yonlerin ve bir alanda gelistirilen tekniklerin
baslangicta amaglanmayan alanlarda nasil uygulanabileceginin daha iyi anlasilmasini kolaylastiracagi
umulmaktadir.

Anomaliler, iyi tanimlanmis bir normal davranis kavramina uymayan verilerdeki kaliplardir. Sekil 1, basit bir
iki boyutlu veri setindeki anormallikleri gostermektedir. Verilerin N1 ve N2 olmak tizere iki normal bolgesi
vardir, ¢linkii ¢ogu gozlem bu iki bolgede yer alir. Bu bolgelerden yeterince uzakta olan noktalar, 6rnegin al
ve a2 noktalar1 ve A3 bolgesindeki noktalar anomalidir.
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Sekil 1. iki boyutlu bir veri setindeki basit bir anomali drnegi.

Verilerde anormallikler, 6rnegin kredi kart1 dolandiricili8i, siber izinsiz giris, terdrist faaliyet veya bir sistemin
bozulmasi gibi kotii niyetli faaliyetler gibi ¢esitli nedenlerle ortaya ¢ikabilir, ancak tiim nedenlerin ortak
ozelligi, analist i¢in ilgi ¢ekici olmalaridir.

Anomalilerin ilgingligi veya gergek yasamla ilgili olmasi, anomali tespitinin dnemli bir 6zelligidir. Anomali
algilama, giiriiltii giderme ile iligkilidir, ancak bundan farklidir (Tang vd. 2002) ve giiriiltii uyumu (Rousseeuw
ve Leroy 1987), her ikisi de verilerdeki istenmeyen giiriiltiiyle ilgilenir. Giiriiltii, verilerde analistin ilgisini
cekmeyen ancak veri analizine engel teskil eden bir fenomen olarak tanimlanabilir ve giiriiltii giderme,
herhangi bir veri analizi yapilmadan dnce istenmeyen nesnelerin ¢ikarilmasi ihtiyacindan kaynaklanir. Giiriiltii
uyumu, anormal gozlemlere karsi istatistiksel bir model tahmininin bagisiklastirilmasi anlamina gelir (Huber
1981).

Anomali tespiti ile ilgili bir diger konu da yenilik tespitidir (Markou ve Singh 2003), 6rnegin bir haber
grubundaki yeni bir tartisma konusu gibi verilerde daha 6nce gozlemlenmemis (ortaya ¢ikan, yeni) kaliplar
tespit etmeyi amaglar.

Yeni modeller ve anormallikler arasindaki fark, yeni modellerin tipik olarak tespit edildikten sonra normal
modele dahil edilmesidir. Bu ilgili sorunlara yonelik ¢oziimlerin genellikle anomali tespiti i¢in kullanildigi ve
bunun tersinin de dikkate alinmasi1 gerekir ve bu nedenle bu incelemede de tartigilmaktadir.

Anomaliler, beklenen normal davranisa uymayan bir model olarak tanimlanir. Bu nedenle, basit bir anomali
tespit yaklasimi, normal davranigi temsil eden bir bdlge tanimlamak ve bu normal bdlgeye ait olmayan
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verilerdeki herhangi bir gzlemi bir anormallik olarak beyan etmektir. Ancak birkag¢ faktor, goriiniiste basit
olan bu yaklasimi ¢ok zorlastirtyor:
Miimkiin olan her normal davranisi kapsayan normal bir bolge belirlemek ¢ok zordur. Ek olarak, normal ve
anormal davranis arasindaki sinir genellikle kesin degildir. Bu nedenle, sinira yakin bir anormal gozlem
aslinda normal olabilir ve bunun tersi de gecerlidir.
Anormallikler koti niyetli eylemlerin sonucu oldugunda, kotii niyetli diigmanlar genellikle anormal
gozlemlerin normal goriinmesini saglamak i¢in kendilerini uyarlayabilir ve bdylece normal davranisi
tanimlama gorevini daha zor hale getirir.
Bir¢ok alanda normal davranis gelismeye devam ediyor ve mevcut bir normal davranis kavrami gelecekte
yeterince temsil edilemeyebilir.
Anomali kavranu, farkli uygulama alanlari i¢in farklidir. Ornegin, tip alaninda normalden kiigiik bir sapma
(6rnegin, viicut sicakligindaki dalgalanmalar) bir anormallik olabilirken, borsa alaninda benzer bir sapma
(6rnegin, bir hisse senedinin degerindeki dalgalanmalar) normal olarak kabul edilebilir. Bu nedenle, bir alanda
gelistirilen bir teknigi digerine uygulamak kolay degildir.
Anomali tespit teknikleri tarafindan kullanilan modellerin egitimi/dogrulanmasi i¢in etiketlenmis verilerin
mevcudiyeti genellikle 6Gnemli bir sorundur.
Genellikle veriler, gercek anomalilere benzer olma egiliminde olan ve bu nedenle ayirt edilmesi ve ortadan
kaldirilmas1 zor olan giiriiltii igerir.
Bu zorluklar nedeniyle, en genel sekliyle anomali tespit probleminin ¢oziilmesi kolay degildir. Aslinda,
mevcut anormallik tespit tekniklerinin ¢ogu, sorunun belirli bir formiilasyonunu ¢ozer. Formiilasyon, verilerin
dogasi, etiketlenmis verilerin mevcudiyeti, tespit edilecek anormalliklerin tiirii ve benzeri gibi ¢esitli faktorler
tarafindan tetiklenir. Genellikle bu faktorler, anormalliklerin tespit edilmesi gereken uygulama alam
tarafindan belirlenir. Arastirmacilar, istatistik, makine 6grenimi, veri madenciligi, bilgi teorisi, spektral teori
gibi farkli disiplinlerden kavramlar1 benimsemis ve bunlar1 belirli problem formiilasyonlarina
uygulamislardir.
Bu smirlamalar1 ele almak i¢in, ADBench adli en kapsamli tablosal anormallik algilama karsilastirmali
degerlendirmesini tasarlamiglardir. Sektoérdeki hem aragtirma ihtiyaglarini hem de dagitim gereksinimlerini
analiz ederek, deneyleri anormallik tespitinde {i¢ ana kategoride ele almislardir. Sekil 2, ADBench'e genel bir
bakis sunar.

Sekil 2. ADBench'in tasarimi.(Han vd., t.y.)
Anomali Kategorileri
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Anomali tipi bir anormallik saptama tekniginin 6nemli bir yonii, istenen anomalinin dogasidir. Anomaliler
asagidaki ii¢ kategoride siniflandirilabilir:

Nokta Anomalileri: Tek bir veri 6rnegi, verilerin geri kalanina gore anormal olarak kabul edilebilirse, bu
ornek bir nokta anomalisi olarak adlandirilir. Bu, en basit anomali tiirlidiir ve anomali tespiti lizerine yapilan
arastirmalarin gogunun odak noktasidir.

Ornegin, Sekil 1'de al ve a2 noktalari ile A3 bdlgesindeki noktalar normal bolgelerin smirlariin disinda yer
alir ve bu nedenle normal veri noktalarindan farkli olduklar1 i¢in nokta anomalileridir.

Baglamsal Anomaliler: Bir veri 6rnegi, belirli bir baglamda anormalse, ancak baska tiirlii degilse, o zaman
baglamsal anormallik olarak adlandirilir (kosullu anormallik olarak da anilir)(Chandola, Banerjee, ve Kumar
2009).

Baglam kavrami, veri kiimesindeki yap1 tarafindan tetiklenir ve problem formiilasyonunun bir pargasi olarak
belirtilmesi gerekir. Her veri 6rnegi, asagidaki iki 6zellik kiimesi kullanilarak tanimlanir:
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(1) Baglamsal nitelikler. Baglamsal nitelikler, s6z konusu 6rnek i¢in baglami (veya mahalleyi) belirlemek i¢in
kullanilir. Ornegin, mekansal veri kiimelerinde, bir konumun boylami ve enlemi baglamsal niteliklerdir.
Zaman serisi verilerinde zaman, bir Ornegin tiim dizi iizerindeki konumunu belirleyen baglamsal bir
Ozniteliktir.

(2) Davranigsal ozellikler. Davranigsal nitelikler, bir drnegin baglamsal olmayan 6zelliklerini tanimlar.
Ornegin, tiim diinyanm ortalama yagisini agiklayan bir mekansal veri setinde, herhangi bir yerdeki yagis
miktar1 davranissal bir 6zelliktir.

Kolektif Anomaliler: Ilgili veri 6rneklerinden olusan bir koleksiyon, tiim veri setine gore anormal ise, buna
toplu anomali denir. Kolektif bir anomalideki bireysel veri 6rnekleri, kendi baglarina anormal olmayabilir,
ancak bunlarin bir koleksiyon olarak bir arada bulunmalar1 anormaldir.

Sekil 3, bir insan elektrokardiyogram c¢iktisin1 gosteren bir 6rnektir (Song vd. 2007). Vurgulanan bolge bir
anormalligi gosterir ¢linkii ayn1 diisiik deger anormal derecede uzun bir siire boyunca mevcuttur (bir Atriyal
Erken Kasilmaya karsilik gelir). Bu diisiik deger kendi bagina bir anormallik degildir.

Sekil 3. Bir insan elektrokardiyogram ¢iktisinda Atriyal Erken Kasilmaya karsilik gelen toplu anomali.
Anomali Tespit Yontemleri

Bir veri 6rnegiyle iliskilendirilen etiketler, o 6rnegin normal mi yoksa anormal mi oldugunu belirtir. Dogru
ve her tiir davranisi temsil eden etiketli verileri elde etmenin genellikle engelleyici derecede pahali oldugu
unutulmamalidir. Etiketleme genellikle bir insan uzman tarafindan manuel olarak yapilir ve bu nedenle
etiketlenmis egitim veri setini elde etmek icin 6nemli ¢aba gerekir. Tipik olarak, tlim olas1 anormal davranis
tiirlerini kapsayan etiketlenmis bir anormal veri ornekleri seti elde etmek, normal davranis i¢in etiketler
almaktan daha zordur. Ayrica, anormal davranis dogas1 geregi genellikle dinamiktir; 6rnegin, etiketli egitim
verisi olmayan yeni tip anormallikler ortaya ¢ikabilir.

Hava trafik giivenligi gibi belirli durumlarda, anormal durumlar katastrofik olaylara doniigebilir ve bu nedenle
¢ok nadirdir.

Etiketlerin ne 6lgiide mevcut olduguna bagl olarak, anormallik algilama teknikleri asagidaki ti¢ moddan
birinde ¢alisabilir:

Denetimli Anormallik Tespiti (Supervised Anomaly Detection)

Denetimli modda egitilen teknikler, normal ve anomali smiflart icin ornekleri etiketleyen bir egitim veri
setinin kullanilabilir oldugunu varsayar. Bu gibi durumlarda tipik bir yaklagim, normale karsi anomali siniflar
icin tahmine dayali bir model olusturmaktir. Herhangi bir gériinmeyen veri 6érnegi, hangi sinifa ait oldugunu
belirlemek i¢in modelle karsilastirilir.
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Denetimli anormallik tespitinde ortaya ¢ikan iki ana sorun vardir.

Ik olarak, egitim verilerindeki anormal &rnekler normal drneklere kiyasla ¢ok daha azdir. Dengesiz smnif
dagilimlar1 nedeniyle ortaya ¢ikan sorunlar, veri madenciligi ve makine 6grenimi literatiiriinde ele alinmistir
(Joshi ve Agarwal, t.y.; Phua, Alahakoon, ve Lee, t.y.; Vilalta ve Sheng Ma 2002).
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Ikincisi, dzellikle anomali sinifi icin dogru ve temsili etiketler elde etmek genellikle zordur. Etiketli bir egitim
veri seti elde etmek i¢in normal bir veri setine yapay anormallikler enjekte eden bir dizi teknik Onerilmistir
(Theiler ve Cai 2003; Abe, Kearns, ve Sato 2006; Steinwart, Hush, ve Scovel, t.y.). Bu iki sorun disinda,
denetlenen anormallik algilama sorunu, tahmine dayali modeller olusturmaya benzer.

Yar1 Denetimli Anormallik Tespiti (Semi Supervised Anomaly Detection): Yar: denetimli modda ¢alisan
teknikler, egitim verilerinin yalnizca normal siif i¢in drneklerini etiketledigini varsayar. Anomali sinifi i¢in
etiket gerektirmedikleri i¢in denetimli tekniklerden daha yaygin olarak uygulanabilirler.

Ornegin, uzay araci ariza tespitinde, bir anormallik senaryosu, modellenmesi kolay olmayan bir kazaya isaret
eder. Bu tiir tekniklerde kullanilan tipik yaklasim, normal davramisa karsilik gelen smif i¢in bir model
olusturmak ve bu modeli test verilerindeki anormallikleri belirlemek i¢in kullanmaktir. Egitim i¢in yalnizca
anomali 6rneklerinin kullanilabilirligini varsayan siirli bir anormallik tespit teknikleri seti mevcuttur. Bu tiir
teknikler, oncelikle verilerde meydana gelebilecek her olasi anormal davranisi kapsayan bir egitim veri seti
elde etmenin zor olmasi nedeniyle yaygin olarak kullanilmaz.

Denetimsiz Anormallik Tespiti (Unsupervised Anomaly Detection): Denetimsiz modda ¢alisan teknikler,
egitim verisi gerektirmez ve bu nedenle en yaygin sekilde uygulanabilir. Bu kategorideki teknikler, test
verilerinde normal 6rneklerin anormalliklerden ¢ok daha sik oldugu varsayimini ima eder. Bu varsayim dogru
degilse, bu tiir teknikler yiiksek yanlis alarm oranlarina sahiptir. Pek ¢ok yar1 denetimli teknik, egitim verisi
olarak etiketlenmemis veri kiimesinin bir O0rnegini kullanarak denetimsiz bir modda c¢alisacak sekilde
uyarlanabilir. Bu tiir bir uyarlama, test verilerinin ¢ok az anormallik i¢erdigini ve egitim sirasinda dgrenilen
modelin bu birka¢ anormallige kars1 dayanikli oldugunu varsayar.

Anomali Tespit Teknikleri

Siniflandirma tabanh anomali tespit teknikleri: Siniflandirma, bir dizi etiketli veri 6rneginden (egitim) bir
model (siniflandirict) 6grenmek ve ardindan 6grenilen modeli (test) kullanarak bir test 6rnegini siniflardan
birine smiflandirmak icin kullamilir. Simiflandirmaya dayali anomali tespit teknikleri, benzer bir iki fazlh
sekilde calisir. Egitim asamasi, mevcut etiketli egitim verilerini kullanarak bir siniflandirict 6grenir. Test
asamasi, siniflandiriciy1 kullanarak bir test 6rnegini normal veya anormal olarak siniflandirir. Siniflandirmaya
dayali anomali tespit teknikleri verilen 6zellik uzayinda normal ve anormal siniflar1 ayirt edebilen bir
siniflandirici 6grenilebilir varsayim altinda ¢aligir.

Egitim asamasi1 i¢in mevcut olan etiketlere bagl olarak, siniflandirmaya dayali anormallik tespit teknikleri iki
genis kategoriye ayrilabilir: ¢ok simifli ve tek sinifli anormallik tespit teknikleri.

En yakin komsu tabanh anomali tespit teknikleri: En yakin komsu analizi kavrami, birka¢ anomali tespit
tekniginde kullanilmistir. Bu tiir teknikler normal veri 6rnekleri yogun komsuluklarda meydana gelirken,
anormallikler en yakin komsularindan uzakta meydana gelir varsayima dayanmaktadir.

En yakin komsu tabanli anormallik tespit teknikleri, iki veri 6rnegi arasinda tanimlanmis bir mesafe veya
benzerlik dl¢iisii gerektirir. Tki veri drnegi arasindaki mesafe (veya benzerlik) farkli sekillerde hesaplanabilir.
Siirekli dznitelikler icin Oklid mesafesi popiiler bir secimdir, ancak baska olgiiler de kullamilabilir [19].
Kategorik nitelikler i¢in genellikle basit bir eslestirme katsayist kullanilir, ancak daha karmasik mesafe
oOlciileri de kullanilabilir. Cok degiskenli veri 6rnekleri i¢in, mesafe veya benzerlik genellikle her 6zellik i¢in
hesaplanir ve ardindan birlestirilir.

Kiimeleme tabanh anomali tespit teknikleri: Kiimeleme, benzer veri orneklerini kiimeler halinde
gruplandirmak i¢in kullanilir. Kiimeleme, yar1 denetimli kiimeleme olsa da, dncelikle denetimsiz bir tekniktir
ve son zamanlarda arastirilmistir. Kiimeleme ve anormallik tespiti temelde birbirinden farkli goriinse de,
birkag kiimeleme tabanli anormallik tespiti teknigi gelistirilmistir. Kiimeleme tabanli anomali tespit teknikleri
iic kategoriye ayrilabilir. Kiimelemeye dayali tekniklerin ilk kategorisi su varsayima dayanir: Varsayim.
Normal veri 6rnekleri, verilerdeki bir kiimeye aitken, anormallikler herhangi bir kiimeye ait degildir. Bu
varsayima dayanan teknikler, bilinen bir kiimeleme tabanli algoritmay1 veri kiimesine uygular ve herhangi bir
kiimeye ait olmayan herhangi bir veri 6rnegini anormal olarak ilan eder.

Istatistiksel anomali tespit teknikleri: Herhangi bir istatistiksel anormallik tespit tekniginin altinda yatan
ilke sudur: "Bir anormallik, varsayilan stokastik model tarafindan iiretilmediginden kismen veya tamamen
ilgisiz oldugundan siiphelenilen bir gdzlemdir". Istatistiksel anormallik tespit teknikleri asagidaki temel
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varsayima dayanmaktadir: Varsayim. Normal veri O6rnekleri, stokastik modelin yiiksek olasilik bdlgelerinde
meydana gelirken, stokastik modelin diisiik olasilik bolgelerinde anormallikler meydana gelir.

Istatistiksel teknikler, verilen verilere istatistiksel bir model (genellikle normal davranis i¢in) uydurur ve
ardindan goriinmeyen bir drnegin bu modele ait olup olmadigini belirlemek i¢in bir istatistiksel ¢ikarim testi
uygular. Uygulanan test istatistigine gore, ogrenilen modelden iiretilme olasiligi diisiik olan o6rnekler,
anormallik olarak ilan edilir.

Bilgi teorik anomali tespit teknikleri: Bilgi teorik teknikleri, Kolomogorov Karmasikligi, entropi, goreli
entropi vb. gibi farkli bilgi teorik dlgitimleri kullanarak bir veri kiimesinin bilgi icerigini analiz eder. Bu tiir
teknikler asagidaki temel varsayima dayanmaktadir: Varsayim. Verilerdeki anormallikler, veri setinin bilgi
iceriginde diizensizliklere neden olur.

Spektral anomali tespit teknikleri: Spektral teknikler, verideki degiskenligin biiyiik kismini yakalayan
Ozniteliklerin bir kombinasyonunu kullanarak verinin yaklasik bir degerini bulmaya ¢aligir.

Bu tiir teknikler asagidaki temel varsayima dayanmaktadir: Varsayim. Veriler, normal Orneklerin ve
anormalliklerin 6nemli 6lgiide farkli goriindiigli daha diisiik boyutlu bir alt uzaya gomiilebilir. Bu nedenle,
spektral anomali tespit tekniklerinin benimsedigi genel yaklagim, anormal durumlarin kolayca
tanimlanabilecegi bu tiir alt uzaylar1 (gommeler, ¢ikintilar, vb.) belirlemektir. Bu tiir teknikler, denetimsiz ve
yar1 denetimli bir ortamda calisabilir.

Baglamsal anomalilerin islenmesi teknikleri: Simdiye kadar bahsediler anomali tespit teknikleri, 6ncelikle
nokta anomalilerini tespit etmeye odaklanir.

Bu boliimde, baglamsal anomalileri ele alan anomali algilama tekniklerini tartisacagiz.

Baglamsal anormallikler, verilerin bir dizi baglamsal 6znitelige (bir baglami tanimlamak i¢in) ve bir dizi
davranigsal 6znitelige (bir baglam i¢indeki anormallikleri saptamak i¢in) sahip olmasini gerektirir.
Baglamsal niteliklerin tanimlanabilecegi yollardan bazilari sunlardir:

Mekansal Veriler: bir veri 6rneginin konumunu ve dolayisiyla bir uzamsal komsulugu tanimlayan uzamsal
niteliklere sahiptir. Baglam tabanli bir dizi anormallik saptama teknigi mekansal veri iceren veriler igin
onerilmistir.

Grafikler: Diigiimleri birbirine baglayan kenarlar, her diigiim i¢in komsulugu tanimlar. Baglamsal anormallik
algilama teknikleri, Sun ve digerleri tarafindan grafige dayali verilere uygulanmistir.

Sirali: Veriler siralidir: bir veri 6rneginin baglamsal niteligi, onun siradaki konumudur. Zaman serisi verileri,
baglamsal anormallik tespiti kategorisinde kapsamli bir sekilde arastirilmistir [28]. Anomali tespit
tekniklerinin gelistirildigi sirali verilerin bagka bir bigimi, her olayin bir zaman damgasina sahip oldugu olay
verileridir (6rnegin, igletim sistemi ¢agr1 verileri veya Web verileri). Zaman serisi verileri ile olay dizileri
arasindaki fark, ikincisi i¢in ardisik olaylar arasindaki variglar arasi siirenin esit olmamasidir.

Profil: Cogu zaman veriler agik bir uzamsal veya sirali yapiya sahip olmayabilir, ancak yine de bir dizi
baglamsal 6znitelik kullanilarak bilesenler halinde boliimlere ayrilabilir veya kiimelenebilir. Bu 6znitelikler
tipik olarak, cep telefonu dolandiriciligi tespiti gibi etkinlik izleme sistemlerinde kullanicilar1 profillemek ve
gruplandirmak i¢in kullanilir, CRM veritabanlar1 ve kredi karti dolandiriciliginin tespiti. Kullanicilar daha
sonra kendi gruplari iginde anormallikler a¢isindan analiz edilir.

Anomali Tespit Uygulama Alanlari

Izinsiz giris tespiti: Izinsiz giris tespiti, bilgisayarla ilgili bir sistemdeki kotii amagli etkinliklerin (hirsizliklar,
sizmalar ve diger bilgisayar kotiiye kullanimi bigimleri) saptanmasi anlamina gelir. Bu kotii amacl faaliyetler
veya izinsiz girigler, bilgisayar gilivenligi agisindan ilgi c¢ekicidir. Bir izinsiz girig, sistemin normal
davranisindan farklidir ve bu nedenle, izinsiz giris tespit alaninda anormallik tespit teknikleri uygulanabilir.
Dolandiricilik Tespiti: Dolandiricilik tespiti, bankalar, kredi kart1 sirketleri, sigorta acenteleri, cep telefonu
sirketleri, borsa vb. ticari kuruluslarda meydana gelen su¢ faaliyetlerinin tespitini ifade eder. Kotii niyetli
kullanicilar, kurulusun gercek miisterileri olabilir veya kendilerini miisteri olarak tanitiyor olabilir (kimlik
hirsizlig1 olarak da bilinir). Dolandiricilik, bu kullanicilarin kurulus tarafindan saglanan kaynaklar1 yetkisiz
bir sekilde tiikketmesi ile ortaya ¢ikar. Kuruluslar, ekonomik kayiplar: 6nlemek i¢in bu tiir dolandiriciliklarin
derhal tespit edilmesiyle ilgileniyor.



15th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL
SCIENCES

March 04-06, 2023 Mus, TURKIYE

Tibbi ve Halk Saghgi1 Anomali Tespiti: Tip ve halk saglig: alanlarindaki anormallik tespiti, genellikle hasta
kayitlartyla galisir. Anormal hasta durumu, enstriimantasyon hatalari veya kayit hatalar gibi ¢esitli nedenlerle
verilerde anormallikler olabilir.

Cesitli teknikler ayrica belirli bir alandaki hastalik salginlarini tespit etmeye odaklanmustir.

Bu nedenle, anomali tespiti bu alanda ¢ok kritik bir problemdir ve yiiksek derecede dogruluk gerektirir. Veriler
tipik olarak hastanin yasi, kan grubu ve kilosu gibi birkag farkli 6zellik tiirline sahip olabilecek kayitlardan
olusur. Verilerin ayrica zamansal ve mekansal bir yonii olabilir. Bu alandaki mevcut anomali tespit
tekniklerinin ¢ogu, anormal kayitlar1 (nokta anomalileri) tespit etmeyi amaclamaktadir. Tipik olarak
etiketlenmis veriler saglikli hastalara aittir, dolayisiyla tekniklerin ¢ogu yar1 denetimli bir yaklagimi benimser.
Endiistriyel Hasar Tespiti: Endiistriyel iiniteler, siirekli kullanim ve normal aginma ve yipranma nedeniyle
hasar goriir. Daha fazla asginmayi, yiiklenmeyi ve dolayist ile kayiplari 6nlemek i¢in bu tiir hasarlarin erken
tespit edilmesi gerekir (Principi vd. 2017). Bu alandaki veriler, farkli sensorler kullanilarak kaydedildigi ve
analiz i¢in toplandi8i i¢in genellikle sensor verileri olarak adlandirilir (Popescu ve Mahnot 2009). Anormallik
tespit teknikleri, bu tiir hasarlari tespit etmek i¢in bu alanda kapsamli bir sekilde uygulanmistir. Endiistriyel
hasar tespiti ayrica iki alanda siniflandirilabilir; biri motorlar, motorlar vb. mekanik bilesenlerdeki kusurlarla
ilgilenirken digeri fiziksel yapilardaki kusurlarla ilgilenir. Onceki etki alani, sistem saglig1 yonetimi olarak da
adlandirilir(Marchi vd. 2017).

Goriintii Isleme: Anomali saptama teknikleri, goriintiilerle ilgili olarak ya bir gériintiide zaman icinde
meydana gelen degisikliklerle (hareket algilama) ya da statik goriintiide anormal goriinen bolgelerle ilgilenir.
Bu alan uydu goriintiilerini igerir, rakam tanima, spektroskopi, mamografik goriintii analizi ve video izleme.
Anormallikler hareketten veya yabanci bir nesnenin sokulmasindan veya enstriimantasyon hatalarindan
kaynaklanir. Verilerin mekansal ve zamansal 6zellikleri vardir. Her veri noktasinin renk, agiklik, doku vb. gibi
birkag siirekli 6zelligi vardir. Ilging anomaliler, goriintiilerdeki anormal noktalar veya bdlgelerdir (nokta ve
baglamsal anomaliler). Bu alandaki en 6nemli zorluklardan biri, girdinin biiyiik boyutudur. Video verileriyle
ugrasirken, ¢cevrimigi anormallik tespit teknikleri gereklidir (Dunning 2014).

Metin Verilerinde Anormallik Tespiti: Bu alandaki anormallik tespit teknikleri, oncelikle yeni konulari
veya olaylar1 veya bir belge veya haber makaleleri koleksiyonundaki haberleri tespit eder. Anormallikler, yeni
bir ilging olay veya anormal bir konudan kaynaklanir. Bu alandaki veriler tipik olarak yiiksek boyutlu ve ¢cok
seyrektir. Belgeler zaman i¢inde toplandigindan verilerin zamansal bir yonii de vardir. Bu alandaki anormallik
tespit teknikleri i¢in bir zorluk, bir kategoriye veya konuya ait belgelerdeki biiyiik farkliliklari ele almaktir.
Sensor Aglari: Sensor aglar1 son zamanlarda 6nemli bir arastirma konusu haline gelmistir; ¢esitli kablosuz
sensorlerden toplanan sensdr verilerinin birkag benzersiz 6zelligi oldugundan, veri analizi agisindan daha fazla
islem gerektirirler (Dunning 2014). Bir sensor agindan toplanan verilerdeki anormallikler, bir veya daha fazla
sensoOriin arizali oldugu veya analistlerin ilgisini ¢ekecek olaylari (izinsiz girigler gibi) tespit ettikleri anlamina
gelebilir. Bu nedenle, sensor aglarindaki anormallik tespiti, sensor hatasi tespitini veya izinsiz giris tespitini
veya her ikisini birden yakalayabilir. Tek bir sensor agi, ikili, ayrik, siirekli, ses, video vb. gibi farkli tiirde
verileri toplayan sensorlerden olusabilir. Veriler akis modunda olusturulur. Cogu zaman, ¢esitli sensorlerin
yerlestirildigi ortam ve iletisim kanali, toplanan verilerde giiriiltiiye ve eksik degerlere neden olur. Sensor
aglarinda anormallik tespiti, bir dizi benzersiz zorluk ortaya ¢ikarir (Cooper vd. 2020). Anormallik tespit
tekniklerinin ¢evrimici calismasit i¢in gereklidir. Ciddi kaynak kisitlamalari nedeniyle, anormallik tespit
tekniklerinin hafif olmasi1 gerekir. Diger bir zorluk ise, verilerin dagitilmig bir sekilde toplanmasi ve
dolayisiyla onu analiz etmek i¢in dagitilmis bir veri madenciligi yaklagiminin gerekli olmasidir. Ayrica,
sensOrden toplanan verilerde giiriiltiiniin varligi, artik ilging anormallikler ile istenmeyen giiriiltii/eksik
degerleri ayirt etmesi gerektiginden, anormallik tespitini daha da zorlastirir. Grafikler: Diiglimleri (veri
ornekleri) birbirine baglayan kenarlar, her diigiim i¢in komsulugu tanimlar.

SONUC

Giliniimiizde sensor teknolojilerinin gelismesi ile fiziksel ortamlarda veri toplamak daha kolay ve ilging hale
gelmistir. Biriken bu verilerin islenmesi ve yorumlanmasti i¢in kullanilan yapay zeka destekli makine 6grenimi
algoritmalarin ¢ogalmasi ve etkin hale gelmesi veri islemeyi kolaylastirmstir. Islenen bu veriler ile iletisim,
endiistriyel tiretim, sensor aglari, tip ve hatta tarim ve hayvancilik gibi alanlarda kritik durumlarda anomali
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olarak tanimladigimiz beklentimiz disindaki verilerin tesipini ve ortaya ¢ikartilmasin1 olanakli hale
getirmektedir. 1900°1i yillarin baglarindan beri ¢aligilan anomali tespiti konusu giiniimiizde ¢ok c¢aligilmig bir
konu haline gelmistir.

Bu ¢aligma ile anomali tespiti lizerine ¢alismak isteyen arastirmacilar igin temel bir literatiir 6zeti verilmistir.
Ayrica bu alanda karsilasilabilecek zorluklar, teknikler ve uygulama alanlarindan da bahsedilmistir.

Etkili anormallik tespitinin neyin normal olmadigini kesfetmek i¢in neyin normal oldugunu modelleme temel
konseptine dayandigini unutulmamalidir. Bunu yapmanin en etkili yolu uyarlanabilir olasilik modelleriyle
baslanilmasi 6nerilmektedir.
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OZET

Bu calismada, giinlimiizde Yapay Zeka (Artificial Intelligence-Al) alanindaki 6nemli ilerlemeler sonucunda
birgok tartigmalara, kaygilara, hatta komplo teorilerine konu olan ChatGPT (Generative Pre-Trained
Transformer-GPT-Onceden Egitilmis Uretken Déniistiiriicii) olarak adlandirilan biiyiik dil modeli (Large
Language Model-LLM) konusundaki gelismelere ve saglayabilecekleri faydalara veya yol agabilecekleri
sorunlara dair bir degerlendirme sunulmaktadir. Son yillarda Google, Microsoft ve Apple gibi teknoloji devleri
ve daha birgok firma ya da kurum belirli amaglar i¢in yapay zeka modellerini kullanmakta ve gelistirmeye de
devam etmektedir. Uzun ve ¢esitli egitim yontemleri kullanilarak siirekli olarak egitilen farkli yapay zekalar,
belirli amaglara yonelik 6zellestirilerek o alanlarda fayda saglamalari amaciyla hizmet vermektedir. Bu
calismamiza konu olan ve OpenAl firmasi tarafindan gelistirilmekte olan ChatGPT-3 isimli sohbet botu;
teknoloji ile etkilesimimizi 6nemli dlglide degistirebilecek potansiyele sahiptir. ChatGPT-3 sohbet botunun
en Oonemli becerisi; egitimi sirasinda isledigi ¢cok biiyiik miktarda verinin de yardimiyla yiiksek dogrulukta,
hatta neredeyse insana yakin denebilecek Ol¢iide metinleri anlayip yeni metinler iiretebilmesidir. Bu sayede
de dogal dil isleme (Natural Language Processing-NLP) ve dogal dil anlama (Natural Language
Understanding-NLU) alanlarinda devrimsel olasiliklar sunmaktadir. GPT dil modeli iizerine insa edilen
ChatGPT’nin sundugu bu olasiliklar igerisinde hukuktan tipa, matematikten finansa, akademik makale
yazimindan kod yazimina, sosyal medya iliskilerinden dil terciime islemlerine hatta giivenlik agiklarinin
tespitine kadar genis bir yelpaze bulunmaktadir.

Anahtar Kelimeler: Biiyiik Dil Isleme, ChatGPT, Dogal Dil Isleme, GPT, sohbet, Yapay Zeka.

ABSTRACT

In this paper, we present a review of the developments in the Large Language Model (LLM) known as
ChatGPT (Generative Pre-Trained Transformer), which has been the subject of many discussions, concerns,
and even conspiracy theories as a result of today's significant advances in Artificial Intelligence (Al), and the
benefits or concerns they can cause. Today, technology giants like Google, Microsoft, Apple, and numerous
other businesses and organizations are constantly implementing artificial intelligence for specific purposes.
Various artificial intelligences are customized for specific purposes and serve to provide benefits in those
areas after being continuously trained through several different trainings. The subject of this study, ChatGPT-
3 language model, which is being developed by OpenAl, has the potential to significantly change the way we
interact with technology. The most important capability of ChatGPT-3 language model is its ability to
understand texts and generate new texts with high accuracy, almost human-like, using the massive amount of
data it processes during training. As a result, it provides revolutionary opportunities in the fields of Natural
Language Processing (NLP) and Natural Language Understanding (NLU). Capabilities of ChatGPT-3
language model, range from law to medicine, mathematics to finance, academic article writing to code writing,
social media relations to language translation, and even security vulnerability detection.

Keywords: Artificial Intelligence, chatbot, ChatGPT, Large Language Model, Natural Language Processing.
GIRIS

Bu c¢alisma, giiniimiiziin en akilli yapay zeka modellerinden biri kabul edilen ve bir¢ok tartismayi da
beraberinde getiren ChatGPT 6zelinde, dil modelleri hakkinda genel bir ger¢eve ¢izmek, dil modellerinden
biri olan biiyiik dil modelini kullanan ChatGPT nin sergiledigi yetenekleri incelemek, limitlerini anlamak ve
finans, egitim, saglik, hukuk, kodlama hatta akademik yazim gibi alanlardaki sundugu potansiyele
odaklanmasinin yaninda benzer veya farkli alanlarda beraberinde getirebilecegi risklere de deginmektedir.
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Giliniimiizde yapay zeka alanindaki artan gelismeler beraberinde miithis bir potansiyelin yaninda bazi
konularda kaygilar1 da giin yiiziine ¢ikarmaktadir. Yapay zeka modellerinin yapabildikleri ve yapabilecekleri
diisiiniildiigiinde degerlendirilen her iki sonug da yadsinamaz durumdadir. Ornegin, yapay zeka modellerinin,
egitim alanindaki iggiiciine olan etkisi gelecek nesillere ne Ogretilecegi ve nasil 6gretilecegi konularinda
endigeler yaratmaktadir(Zhai 2021). Bunun yani sira yapa zekalar son yillarda, akademik yazim, kodlama ve
sanat gibi genellikle sadece yetenekli profesyoneller tarafindan gergeklestirilen yaratici ¢calismalar1 kismen,
bazi durumlarda tam manada ikame etme potansiyelini de gostermislerdir(Li vd. 2022).

Sekil 1°de farkli amaclar i¢in olusturulmus ve egitilmis farkli yapay zeka modelleri goriilebilmektedir. Her bir
model hedeflendigi islemleri yerine getirebilmek i¢in ¢esitli egitimlerden gecirilmektedir. Bu egitimler genel
anlamda girdi ve ¢ikt1 iliskisine gore farklilik gostermektedir. Hatta ayn1 girdi ve ¢ikti formatlar1 konusunda
egitilen modellerin dahi egitim siiregleri birbirlerinden farkli olabilmektedir.
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Sekil 1. Girdi ve ¢ikt1 formatlarina gore bazi yapay zeka modelleri.
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Yapay zeka konusunun alt alanlarindan biri de dogal dil isleme olarak adlandirilan alandir. Her gecen giin
diinya tlizerinde internet kullanimin yayginlagsmasi sonucunda kullanici sayisinin da artmasiyla internet
ortamina yiiklenen veri miktar1 da giinden giline artmaktadir. Bu durumun kaginilmaz sonucu olarak da biiytik
veri kiimelerinin ¢ogalmasi, yayginlagmasi ve bu veri kiimelerine erisimin kolaylagmasi ile arastirmacilar,
rahatga erisebildikleri bu veri kiimelerinin yardimiyla egittikleri sohbet temelli yanitlar sunabilen yapay zeka
modelleri gelistirmislerdir. Giiniimiizde bir¢ok farkli gelistirici tarafindan farkli amagclarla farkli sekillerde
egitilerek piyasaya siiriilmiis onlarca yapay zeka modeli mevcuttur. Sekil 2’de piyasaya siirlilme tarihlerine
gore en bilinen yapay zeka modelleri gosterilmistir.
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Sekil 2. Piyasaya siiriilme tarihlerine gore yapay zeka modellerinden bazilar

Google, Apple, Nvidia, OpenAl gibi teknoloji firmalar1 da kendi hedefleri dogrultusunda farkli amagclar i¢in
farkli yapay zeka modelleri egitmektedir. Sekil 3’te popiiler yapay zeka modellerinin hangi firmalar tarafindan

gelistirildigi gosterilmektedir.
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Sekil 3. Gelistiricilerine gore diizenlenmis bazi yapay zeka modelleri.
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Dil egitimleri i¢in farkli modeller kullanilmakla birlikte en yaygin kullanilan modellerden birisi de biiyiik dil
modelidir. Biiyiik dil modelinin becerisi; metinleri okumak, anlamak gerektiginde terclime etmek ve cltimlede
yazilacak sonraki kelimeyi tahmin ederek insanlarinkine benzer sekilde yazma ve anlama islemleri
yapabilmesidir. Bu modeli kullanan belki de en popiiler yapay zeka modeli de ChatGPT sohbet botunda
kullanilan GPT olarak adlandirilan dil modelidir.

Chatgpt Modeline Yakindan Bir Bakis

ChatGPT sohbet botu; OpenAl isimli, 2015 yilinda Silikon Vadisi’nde kurulan bir teknoloji firmasi
tarafindan, insanlar tarafindan olusturulmus biiyiik miktarda metinler kullanilarak biiyiik dil modeli ile
gelistirilen ve 30 Kasim 2022 yayimlanan genel amagcli bir sohbet botudur(“ChatGPT: Optimizing Language
Models for Dialogue™ t.y.). ChatGPT 40 terabayttan fazla metin kullanilarak egitilmistir. Basit bir matematikle
bu miktar, kindle formatinda 40 milyona yakin kitaba karsilik gelmektir(Rudolph, J., Tan, S., ve Tan, S. 2023).
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OpenAl firmasi Yapay Genel Zeka
iiretmek amagh kar amac giitmeyen
bir organizasyon olarak kurulusu

Elon Mask istifa etti; GPT'nin ilk
siiriimii.

OpenAl kar amaci giiden bir firmaya
doniismesi; Microsoft'tan $1 milyar
yatirim; GPT-2 limitli siriimii.

GPT-3, tek yetkili olarak Microsoft'a
lisanlanmasi.

OpenAl'nmn dogal dil agiklamalariyla
dijital resimler iiretebilen derin
dgrenme modeli olan DALL-E'nin
tamfilmasi.

ChatGPT'nin piyasaya siiriilmesi;
Microsoft'un $2 milyar dolar
daha yatirum yapmasi.

Microsoft'un $10 milyar daha
yatirim yapmasi olasiligy; yil
icerisinde GPT-4 beklenmesi

Sekil 4. OpenAl firmasi ile GPT ve ChatGPT nin yol haritasi(“About OpenAl” t.y.).

ChatGPT modeli; belirli girdiler veya sohbet etkisiyle insan benzeri metinler olusturmak iizere tasarlanmis
cok cesitli konularda dogal sohbetler edebilme becerisine sahiptir [6]. Kendinde 6nceki dil modelinden farkli
olarak egitiminin bir kismi insan geribildirimi sayesinde giiclendirilmis 6grenme yoluyla yapilmistir. Bu
sekilde Proksimal Politika Optimizasyonu (Proximal Policy Optimization) kullanarak modele ince ayar
yapabilmek i¢in yanitlarin kalitesi siralanmistir. Bu yeni yaklasim sayesinde ChatGPT takip eden sorulari
yanitlayabilir, yanliglarin1 kabul edebilir ve uygun olmayan sorgular1 reddedebilir hale gelmistir. Sekil 5.te
GPT modelinin egitim adimlar1 gosterilmistir. ChatGPT-1 117 milyon parametre i¢ceren model kullanirken
ChatGPT-3 igin bu rakam 175 milyara ulagsmistir(“ChatGPT: Optimizing Language Models for Dialogue”
t.y.). ChatGPT yapay zeka modeli; Sekil 1.’de de goriilebildigi lizere metin girdi alip yine metin ¢iktisi
iiretebilen LaMDA, PEER ve Speech From Brain ile birlikte en bilinen modellerden birisidir.
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Sekil 5. ChatGPT’nin temeli olan GPT dil modelinin egitim adimlari(“ChatGPT: Optimizing Language
Models for Dialogue” t.y.).

Son siirimiiniin piyasaya stiriildiigii tarihten giinimiize ChatGPT, siirekli ilgi odagi olan yapay zeka
modellerinden birisi olmustur. Asagidaki sekilde Google arama motoru kullanilarak iilkemizden ve diinya
genelinde yapilan “chatgpt” ve “chat gpt” kelimelerinin, 1 Kasim 2022 ile 3 Mart 2023 tarihleri arasindaki
toplam sorgu sayisinin tarihsel dagilimi gosterilmektedir(“Google Trendler - Tiirkiye - ‘chat gpt’ t.y.;
“Google Trendler - Tiirkiye - ‘chatgpt’ t.y.; “Google Trendler - Diinya Geneli - ‘chatgpt’ t.y.; “Google
Trendler - Diinya Geneli - ‘chat gpt’” t.y.).
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Sekil 6. 1 Kasim 2022 ile 3 Mart 2023 tarihleri arasinda Tiirkiye’den ve diinya genelinden Google arama
motoru kullanilarak yapilan “chatgpt” ve “chat gpt” sorgu sayilarinin toplaminin tarihsel dagilima.
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Genel anlamda dil modellerinin becerilerini ve yapabileceklerinin sinirlarini belirleyen en 6nemli faktor
egitimlerinde kullanilan parametre sayilaridir. Ne kadar ¢ok parametre kullanilir ise dil modelleri i¢in anlama
ve yorumlama yetenekleri o denli yiiksek olacaktir. Asagidaki tabloda bilinen bazi popiiler dil modellerinin
egitimlerinde kullanilan parametre sayilar1 ve piyasaya siiriilme tarihleri gosterilmistir.

Tablo 1. Farkli biiyiik dil modellerinin piyasaya siiriilme tarihleri ve egitimleri i¢in kullanilan parametre

sayilart.
Model BERT RoBERTa GPT-1 GPT-2 T5 TuringNLG GPT-3
Parametre 340 354 117 1200 11000 17000 175000
Sayilar*
Piyasaya Sijriilme | ,, g 2020 2018 2019 2019 2020 2022
Tarihleri
*Milyar adet

ChatGPT’nin Yetenekleri ve Sundugu Firsatlar

ChatGPT ve diger tiin yapay zeka modelleri, sonucta insanlarin hayatlarin1 direk ya da dolayli olarak
kolaylagtirmak amaciyla gelistirilmektedirler. Saglayabilecegi fayda ve firsatlar1 da temelde metinden metine
olarak egitilen bir sohbet botu modeli olmasi sebebiyle yazili sekilde olabilecektir. Hangi alanda ne oranda
firsat ve fayda saglayabilecegi heniiz tam olarak netlesmemis olmakla birlikte finans, egitim, hukuk, saglik
gibi alanlarda ciddi faydalar saglayabilecegine dair ¢alismalar bulunmaktadir.

XA

Dil

Terciime %

igerik
Uretme

ChatGPT
Potansiyel <[>
Kullanim
Gvenlik Alanlan
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Tespiti

Akademik

Kodlama

g

Sohbetbot
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Sanal Asistan

Sekil 7. ChatGPT yapay zeka modelinin potansiyel kullanim alanlarina bazi 6rnekler.

Yakin zamanda egitim alaninda yapilan bir ¢calismada; ChatGPT dil modelinin yazma yeterliliginin ortalama
bir 6grencinin ¢ok iizerinde oldugu tespit edilmis ve yazdigir metnin okunabilir ve igerik acgisindan tutarli ve
(nispeten) dogru oldugu goriilmiis, insanlarla karsilastirildiginda da ihtiya¢ duyulan bilgiyi daha verimli bir
sekilde bulabildigi gosterilmistir(Zhai 2022). Hatta ChatGPT, egitim alaninda sundugu potansiyel firsatlar
acisindan oyunun kurallarin1 degistirebilecek bir yapay zeka modeli olarak ifade edilmektedir(“Al bot
ChatGPT writes smart essays — should professors worry?” t.y.). Meta'nin dil araci PEER veya RoBERTa gibi
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diger yapay zeka dil modelleriyle karsilastirildiginda ChatGPT "daha yaratict" yanitlar
sunmaktadir(“ChatGPT is a new Al chatbot that can answer questions and write essays” t.y.).

ChatGPT dil modelinin en biiylik sayilabilecek avantajlarindan birisi de akademik yazim konusunda
arastirmaya yardimci olma yetenegidir. ChatGPT, makalelerin Ozetlerini olusturabilir, kilit noktalar
vurgulayabilir ve hatta alintilar sunabilmektedir. Bu sayede arastirmacilara 6nemli miktarda zaman ve emek
tasarrufu saglayarak analiz ve yorumlama gibi daha Onemli gorevlere odaklanmalarima olanak
taniyabilmektedir(Aljanabi vd. 2023).

ChatGPT gibi yapay zeka modelleri, avukatlik meslegini icra edenler i¢cin de ¢esitli faydalar
saglayabilmektedir. Bir avukat ChatGPT yapay zeka modeline bir notun ilk taslagini hazirlatabilir ve daha
sonra bu taslagi gerektigi gibi degistirebilir. ChatGPT yapay zeka modelini ilk argliman grubunu iiretmek ve
daha sonra bunlar1 en etkili olana kadar elemesini saglamak amaciyla veya ¢aligmalarin daha verimli hale
getirilebilmesi i¢in daha eski yasal belge orneklerini incelemek yoluyla da kullanilabilir. Pedagojik olarak,
hukuk fakiilteleri, hukuk Ogrencilerini bu araglari uygulamalarinda en etkili sekilde kullanmaya nasil
hazirlayacaklarini diisiinmeli ve ayn1 zamanda 6grencilere hukuki arastirma ve degerlendirme konularinda
temel becerilerinin yalnizca dil modellerine devredilemeyecegini dnemle vurgulamalidir. ChatGPT ve benzeri
araglar bir avukatin daha verimli ¢aligmasina yardimci olabilirken, giiniimiiz itibariyle bir avukatin ilgili hukuk
kaynaklarini bulma, anlama ve bunlardan akil yiiriitme ihtiyacini ikame edebilecek durumda degildir(Choi vd.
2023).

ChatGPT yapay zeka modeli, ekonomik ve finansal verilerin raporlarin1 ve Ozetlerini olusturmak igin
kullanilabilir, boylece arastirmacilarin ve analistlerin bulgularini anlamlandirmalarini kolaylastirir. Ayrica,
gecmis verilere dayali tahminler ve dngdriiler olusturmak icin de kullanilabilir, bu da karar verme siirecleri
icin degerli olabilir(Alshater 2022).

Kodlama konusunda hata diizelteme ile ilgili yapilan standart bir karsilastirma testinde ChatGPT yapay zeka
modeli; Codex ve kendine ait derin 6grenme temelli otomatik yazilim onarma (Automated Program Repair—
APR) ile benzer performans sergilemesine karsin 40 hatadan 19 tanesini diizelterek, 7 tanesini diizeltebilen
standart otomatik yazilim onarma yontemlerine kiyasla ¢ok daha basarili olmustur. Hatta, hata ile ilgili daha
biraz daha bilgi vermek ChatGPT performansini daha da arttirarak %77.5 basar1 oranina ulastirmistir(Sobania
vd. 2023).

Asagidaki sekilde QuixBugs'tan(“QuixBugs Benchmark | QuixBugs” t.y.) alinan problemler i¢in ChatGPT
tarafindan verilen cevaplarin siniflandirilmasi goriilmektedir.

OOOC

. Diizeltme .
Dogru Bagka bir hata Farkl1 bir
Daha fazla .. . S,, sundu ancak .
o Hata bulamadi. diizeltmeyi diizeltme oy uygulama Diger.
bilgi istedi. - yeni bir hata p .
sagladi. sundu. st onerdi.

Sekil 8. ChatGPT yapay zeka modeli tarafindan QuixBugs'tan alinan problemlere verilen yanitlarin
siniflandirilmasi(Sobania vd. 2023).

ChatGPT’nin Limitleri ve Dogurabilecegi Riskler

ChatGPT yapay zeka modeli, her ne kadar ¢ok biiyiik miktarda veri kiimesi ile egitilmis olsa da hala o veri
kiimesinin sagladig olciide bilgiye beceriye sahip durumdadir. Bu sebeple hala eksik veya yanlis bilgi ¢iktisi
iiretebilmektedir. Bazen, ¢ok karmasik algoritmik problemleri ¢ozebilirken basit matematik sorularina hatali
cevaplar verebilmektedir.

Yakin zamanda yapilan bir c¢alismada; ChatGPT yapay zeka modeli, kendisine sorulan programlama
sorularmin %37,5’ine dogru cevap verebilmistir. Yanlis cevaplarin karakteristigi incelendiginde ise;

o Bilgi eksikligi
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o Hatal1 varsayim
o Bilgi eksikligi ve hatali varsayim birlikte

olmak {izere ii¢ ana sebep goze carpmaktadir(Jalil vd. 2023).

ChatGPT, ozellikle cevrimi¢i smavlarin giderek yayginlasgtigi yiiksekdgretimde ¢evrimici sinavlarin
biitiinliigiine yonelik dnemli bir tehdit olusturmaktadir. Bu ve benzeri yapay zeka modelleri yiiksek derecede
elestirel diisiinme becerilerine sahip olmakla birlikte, ¢cok az girdi ile son derece gercek¢i metinler
iretebilmekte, bu da 6grencilerin siavlarda kopya ¢ekmesini miimkiin kilmaktadir. Her ne kadar yiizylize
simavlara geri donmek ¢6ziim olsa da her zaman miimkiin olmamakla birlikte gelismis yapay zeka metin ¢ikti
tespit araclar1 kullanmak bu sorunun ¢6ziimii agisindan etkili olabilmektedir. Ancak ne yazik ki bu tarz araclar
da kusursuz ¢oziimler sunmaktan uzaktir. ChatGPT gibi yapay zeka modellerinin etkilerini tam olarak
anlamak ve bu araglar1 kullanarak kopya ¢ekilmesi gibi sorunlarla miicadele edebilme yontemleri gelistirmek
icin daha fazla aragtirmaya ihtiya¢ duyulmaktadir. Egitimcilerin ve kurumlarin ChatGPT'nin kopya ¢ekmek
icin kullanilma riskinin farkinda olmalar1 ve tiim &grenciler igin ¢evrimi¢i sinavlarin adil olmasi ve
gegerliligini korumak icin bu sorunun ciddi olarak ele alarak gerekli arastirmalar1 ve 6dnlemleri sunabilmeleri
cok onemlidir(Susnjak 2022).

ChatGPT'nin matematiksel becerilerini test etmek amacli yapilmis bir c¢aligmada, medyada yarattig:
sansasyonun aksine ChatGPT heniiz tutarli bir sekilde yiiksek kaliteli kanitlar veya hesaplamalar sunmaya
hazir olmadig1 goriilmistiir(Frieder vd. 2023).

Yukarida bahsettiklerimizden daha da sik dile getirilen ve belki de en 6nemli risk ya da kaygi; ChatGPT yapay
zeka modelinin de bir pargasi oldugu her 6nemli teknolojik gelisme ya da atilim sonrasi mevcut mesleklerin
bu gelismelere karsi ne derece duyarli oldugu konusudur. Gegmisten giiniimiize kadar defalarca yasanan bu
teknolojik atilimlar her seferinde genis kitlelerde, teknolojinin er ya da ge¢ insanlarin yerini alacagi korkusu
dogurmustur. Bu konuda yapilan bir caligma gdstermistir ki, bu tarz teknolojik gelismelerin, esas olarak diisiik
vasifli ig¢ilerin teknolojiye duyarli olmayan gorevlere, yani yaratict ve sosyal zeka gerektiren gorevlere
atanacaklarin1 gostermektedir. Ancak insanlarin bu yaris1 kazanabilmeleri i¢in yaratict ve sosyal beceriler
edinmeleri ya da sahip olduklar1 bu becerileri gelistirmeleri gerekecektir(Frey ve Osborne 2017).

Yukarida bahsettigimiz limitler ve risklerin yaninda ChatGPT yapay zeka modeli i¢cin 6ngdriilen diger limit
ve riskler asagidaki sekilde siralanabilir.

Gizlilik sorunlari

Siber giivenlik tehlikesi

Tarafl igerik

Isten ¢ikarma

Intihal

Asirt bagimlilik

Kisitl igerik

Empati eksikligi

Yaraticilik eksikligi

Baglamsal sinirlamalar

SONUCLAR VE DEGERLENDIRME

Bilgiyi islemenin yani sira yapay zekalar, isin yiiriitiilmesi ac¢isindan daha giivenilirdir. Bilgiyi toplamak ve
sunmak konusunda da oldukg¢a beceriklidirler. Giinlimiizde bilimsel ¢aligmalar giin gegtik¢e artan bir hizla
yapay zeka modellerine sirtin1 yaslamak durumunda kalmaktadir. Bu bilimsel ¢aligmalarin yiirtitiilebilmesi
icin de bilim insanlar1 ve miihendisler karmasik problemleri ¢ozebilmek adina, tahmin, siniflandirma ve
cikarim yapmak konularinda siiper bilgisayarlar kullanmaktadir. Yapay zeka modellerinin birer yazilim
olmas1 sebebiyle, bu bilgisayar sistemleri ne kadar gelisirse yapay zeka modelleri de daha biiyiik verileri
isleyebilmek, daha hizli ve kesintisiz hizmet sunabilmek i¢in o derece genis alana sahip olacaklardir. Bununla
birlikte, yapay zeka modellerinin belli alanlardaki 6grenme gorevlerine entegre edilmesi insanlarin gergek
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diinyada karsilasabildikleri sorunlar1 nasil ¢6zdiigiinii gosterdigi icin yine yapay zeka modellerinin egitimleri
acisindan kritik oneme sahiptir.

ChatGPT dil modelinin sundugu olanaklar neticesinde, insan iletisiminde dil bariyerini ortadan kaldirarak
iletisimde ¢1g1r agabilmesinin yan1 sira miisteri iligkileri gibi alanlarda da firmalara ve miisterilere inanilmaz
kolayliklar saglayabilecektir. Cok kisa denebilecek siirelerde akademik makalelerin ya da kitaplarin 6nemli
noktalarini tespit ederek 6zetlerini ¢ikarabilmesinin ve karmasik sorular1 anlayip basitlestirebilmesi sayesinde
de 6grencilere egitim hayatlarinda 6nemli kolayliklar sunabilecektir. ChatGPT, akademi ve kiitiiphaneciligi
hem kayg1 verici hem de heyecan verici yeni yollarla ilerletmek i¢in 6nemli bir giice sahiptir(Lund ve Wang
2023).

Egitimin disinda medikal, matematik, ekonomi ve hukuk gibi alanlarinda da ChatGPT yapay zeka modeli
onemli sinavlarin belirli kistmlarini da olsa basarabildigini gostermistir. Bazi alanlarda ve konularda oldukga
basarili ancak farkli konularda yetersiz kalan ChatGPT yapay zeka modeli; o konularda kendisine ¢ok daha
fazla veri kaynagi saglanir ve egitimi de o alanlarda yogunlastirilirsa ¢ok daha fazla basar1 gosterebilecek
yetenege sahiptir. Saglik alaninda yapilan farkli bir calismada ise klinik siireclere dahil edilerek basitlestirilmis
radyoloji raporlarinin otomatik olarak olusturulmasi saglanarak radyoloji ve diger tibbi alanlarda hasta
merkezli bakimi iyilestirmek i¢in ChatGPT gibi biiytik dil modellerinin kullanilmasinda biiyiik bir potansiyel
goriilmiistiir(Jeblick vd. 2022).

Heniiz gorece yakin zamanda piyasaya siiriilmiis olmasi sebebiyle neler yapabilecegi ve yapabildigi seyleri ne
kadar 1yi yapabilecegi konusunda tam resmi gorebilmek icin heniiz ¢ok erken demek yanlis olmaz. Yapa zeka
modelleri, insan zekasinin sinirlariyla dogru orantili olarak gelismeye devam edeceginden insan zekasinin
hangi kisimlariin yapay zeka modelleri tarafindan ikame edilebilecegini daha iyi anlayabilmek i¢in hem insan
zekas1 hem de yapay zeka modelleri konusunda ¢ok daha fazla arastirmaya ihtiya¢ duyulmaktadir(Frey ve
Osborne 2017).

Dogasinda var olan kisitlamalara ragmen dogru araglar ve yaklasimlarla, yapay zeka ve dogal dil isleme
teknolojileri bir¢ok alanda verimliligi ve etkinligi biiyiik 6l¢lide artirma potansiyeline sahip olmasiyla yeni
kesiflere ve ongoriilere yol agarak gelecegi sekillendirme giiciine sahiptir(Alshater 2022).
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ACILMIS E-TiPi CAM ELYAF TAKVIYELI EPOKSIi KOMPOZITLER: YANMA DAYANIMI VE
LiF BOY/CAP ORANIN ILiSKiSi
OPENNED-UP E-GLASS FIBER REINFORCED EPOXY COMPOSITES: RELATIONSHIP
BETWEEN FIBER ASPECT RATIO AND FLAME RESISTANCY

Hayriye Hale Aygiin
ORCID: 0000-0002-2812-8079

OZET

Lif takviyeli kompozitler, fonksiyonel ve hafif malzeme iiretimini miimkiin kilmalarindan dolay1 gelecek vaad
eden malzemelerdir. Lif takviyeli kompozitlerin mekanik 6zelliklerinin gelistirilmesi iizerine sayisiz ¢alisma
yapilmistir ancak yasal zorunluluklar yanginin yikici etkisini azaltmak i¢in bu kompozitlerin yanma direncinin
artirtlmasini da zorunlu kilmaktadir. Kompozitlerin yanma direnci, kompozitin yapisina yanma direnci yiiksek
malzeme ilavesi yada kompozit yiizeyinin uygun alev itici ile kaplanmasi sayesinde artirilmaya ¢alisilmstir.
Bu calismada ise kompozit malzemenin yanma direncinin, herhangi bir alev itici uygulama olmaksizin
gelistirilmesi itizerine odaklanilmistir. Bu amagla ti¢ farkli lif boy/cap oranina sahip kirpilmis E-tipi cam
elyaflar lif agma prosesi sayesinde cam elyaf demetlerine donistiiriilmiis ve epoksi matrisin
takviyelendirilmesinde kullanilmistir. Esdeger iiretim parametreleri kullanilarak agilmis ve kirpilmis cam
elyaf takviyeli epoksi matrisli kompozit malzemeler iiretilmis ve bu numunelerin yanma direnci UL94 5VB
yanma testi ile test edilmistir. Elde edilen sonuglar, acilmis cam elyaf takviyeli epoksi kompozitlerin yanma
direncinin kirpilmig cam elyaf takviyeli epoksi kompozitlerin direncinden daha iyi oldugunu gostermistir.
Kirpilmis cam elyaf takviyeli epoksi kompozitlerde deformasyon ve kararmaya bagli genis alan olusumu
gozlenirken, lif boy/cap oran1 yiiksek kirpilmis cam elyafinin lif agma islemine tabi tutulmasi ile elde edilen
acilmis cam elyaf ile takviyelendirilmis kompozitlerde belirtilen deformasyonlar gozlenmemistir. A¢ilmis
cam elyaf takviyeli epoksi kompozitlerin yanma direnci, malzeme yiizeyinde olusan kusurlarin ortadan
kaldirilmasi i¢in elle yatirma yontemi yerine daha gelismis liretim yontemlerinin kullanilmasiyla daha etkili
bir sekilde artirilabilecektir.

Anahtar Kelimeler: E-cam elyaf, epoksi, lif boy/cap orani, lif agma iglemi, yanma direnci

ABSTRACT

Fiber reinforced composites are the most promising materials because of enabling functional and light weigth
material production. Numerous researches have been performed on improving mechanical properties of fiber
reinforced composites but legistative regulations obligate to develop flame resistancy of these composites in
order to minimize hazardous effect of fire destruction. Flame resistancy of composites have been improved
either with adding flame resistant material in composite structure or coating composite surface with
appropriate flame retardant. This study focused on improving flame resistancy of composite material without
any flame retardant application. For this aim, chopped E-glass fibers with three different fiber aspect ratio
were reformed to glass fiber bundles by fiber openning process and used for reinforcement of epoxy matrix.
Epoxy composites with openned-up or chopped glass fibers were produced with identical manufacturing
parameters and their flame resistancy were tested by UL94 5VB burning test. Results showed that flame
resistancy of epoxy composites with openned-up glass fibers were higher than those of chopped ones. Hole
occurence and large darkening area were available after burning test in chopped glass fiber reinforced
composites but not in composites with openned-up glass fiber having high aspect ratio. Flame resistancy of
openned-up glass fiber epoxy composites can be improved by better manufacturing process instead of hand
lay-up process in order to eliminate surface imperfections.

Keywords: aspect ratio, E-glass fiber, epoxy resin, flame resistance, fiber openning process
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INTRODUCTION

Glass fibers are manufactured from homogeneous melts with different compositions. The primary component
is silica and the other components are variable by means of their types and amounts. Variability in composition
lead to production of different types of glass fibers for meeting technical demands in industrial applications.
Among these different types of glass fibers, the mostly used type is E-glass fibers and they are also known as
commercial purpose glass fibers. Due to extreme usage of E-glass fibers, they are marketted in various forms
such as; chopped, mat, direct rovings and assembled rovings. Chopped glass fibers are obtained by different
production lines but the most versatile one is direct chopping because of low labor cost and uninterrupted
production. In direct chopping, E-glass melt is forced to bushing, the outputs of bushing process, namely
monofilaments, are gathered in form of multifilament, multifilament is coated with appropriate sizing agent
and sized multifilament is conducted to chopper [1, 2]. Figure 1 illustrates different forms of chopped glass
fiber-based products.

Melting glass Bushing ™Mono- Gathering mMulti- Sizing
melts filaments on godets filament

sized
multi-filaments

Caking Direct | continuous |
roving strand

deposited
strands

Chopping Drying multi end
rovings

I;E,‘:': chopped laid but

> ;',’?'é glass fibers unbonded
2 & e strands

mats from mats from

: chopped Binding continuous
4 fibers strands

Figure 1. Flow diagram of glass fiber manufacturing and by-/end-products

Composite material production is one of the most popular field in which different forms of E-glass fibers are
used. In fiber reinforced composites, mechanical properties of end product strictly depend on manufacturing
technique, fiber orientation and proportion for strong bonding of fiber into matrix element in fiber/matrix
interphase [3,4]. Generally, reinforcement of glass fiber with convenient matrix element results in production
of composite material with high mechanical strength. Epoxy is the widely used matrix element in glass fiber
reinforced composites due to its low shrinkage, high water resistance, good impregnation, ease of processing
and high mechanical strength [5]. Especially, flexural and tensile strengths of E-glass fiber reinforced epoxy
composites increase with increase in fiber/epoxy matrix proportion for randomly oriented fiber reinforcement
and fiber concentration in epoxy composite can be up to 50-60% [6]. Following studies are performed for
examining mechanical properties of epoxy composites with chopped E-glass fiber reinforcement. Mubarak et
al. (2020) studied on mechanical and microstructural properties of chopped E-glass fiber/epoxy composites.
They manufactured composites by hand lay-up technique and reported that tensile strength and hardness of
composites with E-glass at 10 % in w were higher than those of other samples. VVoids and dislocation were
available in studied samples due to manufacturing technique [6]. Ozsoy et al. (2017) investigated mechanical
and tribological characteristics of chopped E-glass fiber/epoxy composites. Composites were manufactured
by mixing epoxy resin and fiber with fiber proportion of 10, 30 and 50 w%. They claimed that decrease in
tensile strength and negligible changes in bending strength were observed with increase in reinforcement but
impact strength and hardness of composites were developed [7]. Gupta and Siddhartha (2012) compared
mechanical properties of epoxy composites reinforced with randomly or bi-directionally oriented chopped E-
glass. They resulted that randomly oriented E-glass fiber reinforced epoxy composites showed better impact
and wear resistance by increasing fiber loading [8]. Hemanth et al. (2017) compared mechanical properties of
coconut and chopped E-glass fiber reinforced epoxy composites. They manufactured composites by hand lay-
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up technique by keeping fiber lengths at 5-6 mm and fiber loading concentration at 18 w%. They reported that
E-glass reinforced epoxy composites showed better mechanical strength at than those of coconut reinforced
ones [9]. Matei et al (2016) examined mechanical properties of kevlar pulp and chopped E-glass fiber
reinforced composites with different types of epoxy resin. They concluded that tensile, impact and flexural
strengths of chopped E-glass fiber reinforced epoxy composites increased by increasing fiber loading and were
higher for all different types of epoxy resin than kevlar pulp reinforced composites. Better tensile and flexural
properties were observed with T 19-38/700 epilox resin for glass fiber containing composites [10]. Nayak et
al. (2018) manufactured chopped strand mat reinforced composites with matrix mixture of cashew nut shell
liquid and epoxy. They reported that micro hardness, tensile strength and flexural strength were increased by
increasing fiber content and composite material production had improved functional properties than those of
neat polymers, namely for individual matrix element [11].

Flammability is a characteristic property resulting possible hazardous effect and defines as ability of a material
to ignite easily and burn rapidly in case of being exposed to a flame. Due to regulations governed by laws,
flammability of materials has been considered as a significant topic and researchers have focused on increasing
flame resistancy of materials [12]. Glass fiber reinforced epoxy composites has been used in numerious
industrial fields due to high mechanical properties. However minimal fire resistivity or high flammability of
epoxy cause drawbacks for application of glass fiber reinforced epoxy composites in some fields due to
potential fire hazard [13, 14]. Thereby it is an oblique to improve flame retardancy or resistancy of glass fiber
reinforced epoxy or other polymeric composites. Zhao et al (2017) examined the flammability properties of
glass fiber/epoxy composites treated with phenylphosphonate and they concluded that flammability of
composites was decreased significantly with respect to untreated composites and self-extingushing ability of
composite were developed [15]. Lin et al. (2018) investigated the flame retardancy and mechanical properties
of glass fiber reinforced polycarbonate composites modified with different flame retardants. They reported
that treating with blending of SiR and SiKSS flame retardants improved flame retardancy property without
decreasing mechanical performance of composites [16]. Chen et al (2019) studied on flame retardancy and
mechanical properties of glass fiber reinforced polyethylene composites filled with intumescent flame
retardant and they concluded that composites treated with 30 wt% flame retardant decreased fire hazard
significantly and doping with flame retardant contributed fiber-matrix interfacial strength [17]. Chang et al.
(2012) manufactured epoxy/glass fiber hybrid composites with clay and flame retardant; namely DBDPO, and
they reported that a loading of 50 wt% of flame retardant developed inflammability and thermal behaviors of
composites [18]. Walters and Lyon (2008) reported that woven glass/epoxy composites manufactured with
bisphenol-C cynate ester BPCCE satisfied fire performance requirements for panels in commercial aircraft
and structural polymer composites for ships [19].

From the literature survey, many of these studies focus on developing mechanical properties of chopped glass
fiber reinforced epoxy composites. By means of flammability, there are some experimental attempts for
increasing flame resistancy of chopped glass fiber reinforced epoxy composites with flame retardant addition.
In this study, chopped glass fibers were openned-up for mimicking bundle form of natural fibers, epoxy
composites with different openned-up glass fiber proportions were manufactured by hand lay-up technique
and flammability of composites were examined without any flame retardant loading. The aim was to observe
the effect of fiber openning-up process on flammability behavior of composites.

EXPERIMENTAL PROCEDURE
Material and Method
Chopped E-glass fibers with different fiber aspect ratio were obtained from Cam Elyaf A.S. Epoxy resin

(Comp A) and hardener (Comp B) were supplied from Mar Yap1 Ltd Sti. Properties of materials are given in
Table 1.
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Table 1. Properties of chopped E-glass fibers

PP4 PBT: PH:
Glass type E E E
Fiber diameter (n) 13 10.5 13
Chopping length (mm) 4.5 4.5 3
Moisture regain (%) Max 0.07 Max 0.07 Max 0.07

Fiber openning process

5 grams of chopped E-glass fibers were put into a PE barrel. Lid of barrel was firmly closed and pressurized
air with 60 PSI was applied into barrel from the hole on lid at certain intervals. By the help of pressurized air,
chopped glass fibers were crashed to each other and inner walls of barrel and chopped glass fibers were
openned up and reshaped into bundle form by courtesy of friction and static electricity occurence [20]. Figure

2 shows the views of E-glass fibers before and after fiber o
\ h 5] o _ Y Egad . o a

glass fiber (PH2) after fiber openning, (c) openned-up E-glass fiber (PBT2)

Composite manufacturing

Glass fibers were added into epoxy resin (Comp A) with 5%, 10% and 15 % in w and mixed for 2 h with
mechanical stirrer. Then hardener (Comp B) was added with Comp A/ Comp B ratio of 3:1 and mixed for 5
min. Mixture was hand laid up to 15 cm x 15 cm x 4 mm molds and waited for 24 hours for casting.
Characterization

Flame resistance of composite samples were tested according to UL94 5VB standard in which test criteria of
plaque or bar specimens was identified. UL-94 5VB flammability test was performed on samples with
dimensions of 15 cm x 15 cm x 4 mm (length x width x thickness). Source with flame heigth of 125 mm was
positioned under the sample at vertical angle of 20°. Samples were exposed to flame at 5 min intervals and
this procedure were repeated 5 times for each sample [21]. Test criteria of UL-94 standard is given in Table
2.

Table 2. Burning criteria of bar and plaque samples for UL-94 vertical rating

Test criteria UL 94V
94-5VA 94-5VB

Afterflame time plus afterglow time after fifth flame application for each <60 <60

individual bar specimen (s)

Cotton indicator ignited by flaming particles or drops from any bar No No

specimen

Burn-through (hole) of any plague specimen No Yes

RESULTS AND DISCUSSION

Total time (afterflame time and afterglow time after fifth flame application) was mesured low than 60 s for all
openned-up glass fiber reinforced composites. Ignition of different samples at fourth or fifth flame application
and extingushing as removing flame from sample showed that surface imperfections and cavities were
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available in composite structures due to manufacturing technique. These faults lead to increase in total burning
times of chopped glass fiber reinforced composites produced by identical fiber proportion and manufacturing
technique. Total burning times were 95 s and less than 60 s for chopped- and openned-up PBT2 composites
with 10 w% fiber loading. For 10% PH2 samples, total burning times were 65 s and 50 s for chopped and
openned-up fiber reinforcement, respectively. The difference in total times can be explained that
reinforcement with glass bundles caused better fiber distribution in epoxy matrix. Thereby, flame resistancy
of samples increased and total burning time decreased.

Flammability of materials is related with heat release which defines heat dissipation per unit volume. Based
on this definition, it is seen that material thickness has great importance on flammability of tested material. It
is reported that heat dissipates fastly on composites with thickness of less than 8 mm at low fiber loading,
matrix is dominant element on flammability of composite structure and burning rate is strictly based on
reinforcing fiber type. Increasing fiber loading in glass fiber reinforced composites lead to decrease in heat

dissipation and heat release was measured as 35 Im° ve 22 JIm’ for glass fiber/epoxy composites with 2,5
mm and 5mm thickness, respectively [22, 23]. In this study, epoxy composites with 4 mm thickness were
manufactured by identical manufacturing parameters such as; randomly oriented fiber distribution, fiber
loading and production method. The form of reinforcing fiber were the only variable for each group in
composite manufacturing as well. By means of fiber form, openned-up fiber loading developed flame
resistancy of composites. Besides, PH2 loaded composites were more flame resistant than other groups,
namely composites with PBT2 or PP4. In Figure 4, surface and strictiral deformations of different samples are
compared. Aspect ratio of PH2 (13 : 3) was higher than that of PBT2 (10.5: 4.5) and PP4 (13 : 4.5). This case
can be correlated with flammability behaviors of composites that usage of openned-up fiber with high aspect
ratio improves flame resistance of epoxy composites.

i ._.M
Figure 4. Views of epoxy composites with openned-up glass fibers after burning test; (a) 5 % PBT>, (b) 10
% PBT,, (C) 15 % PBT>, (d) 15 % PH2 and (e) 15 % PP,

Ignition of cotton indicator was observable in chopped PP4 composites with 5 % and 15 % loading. In any of
openned-up fiber loaded composites, cotton indicator did not ignite during different stages of flame
applications. By considering surface breakdown of composites after flame applications, hole occurence was
available in all PBT2 composites (openned-up and chopped ones), all chopped-PP4 composites and 5%
chopped fiber loaded PH2 composites. Surface breakdown due to hole occurence was not observable in none
of the openned-up fiber loaded composites. By means of fiber aspect ratio used in this study, composites with
PBT: fiber having low aspect ratio (10.5 : 4.5) were significantly affected from the damage of flame damage
and all samples with this fiber revealed surface breakdown either in openned-up or chopped reinforcements.

It is known that darkening on surface is result of excess smoke evolution during flame application or self-
burning. Excess smoke evolution refers to disorientation in structure of material and this means that material
suffers from damage of flame and slogs to withstand deteoration [22, 23]. Figure 5 shows that darkening is
larger due to high heat dissipation in chopped fiber loaded composites but not in openned-up loaded ones.
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Figure 5. Epoxy composites with chopped glass fibers after burning test; (a) 5 % PBT>, (b) 10 % PBT>, (c)
burning of 15 % PBT, (d) 5 % PH,, (e) cracking of 5 % PP, sample at second flame application and (f)
cracking of 15 % PP4sample at fourth flame application
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Table 3. Vertical burning test results of epoxy composites

Total time | Ignition Burn- Other observations
after fifth of through
flame cotton (hole
application | indicator occurence)
Ignition at third or fourth flame
- 5% >60 sn No Yes application,
2 extinguished, low darkening
|2 10% 60 sh No Yes Ignition at fourth flame ap!ollcatlon,
o burned, high darkening
Ignition at fifth flame application,
~ 0 <
- 15% =60 sn No ves burned, high darkening
e - : —
504 <60 sn NO Yes Ignltlgn at_flfth flame appllc_atlon,
= extinguished, low darkening
g Ignition at third, fourth or fifth flame
= 10% <60 sn No Yes application, extinguished, high
§. darkening
15% <60 sn No Yes No ignition, low darkening
Inginition at fourth or fifth flame
5% >60 sn No Yes application, extinguished, low
3 darkening
S 10% 60 sn No No Inglnlt_lon a_lt fifth f!ame appllgatlon,
O extinguished, high darkening
= 15% <60 sn No No No ignition, low darkening
o
o 5% <60 sn No No Inglnlt_lon a_lt fifth f!ame appllc_:atlon,
_g extinguished, high darkening
e 10% No ignition, low darkening
c 0 <60 sn No No
Q- - -y . -
O 15% <60 sn No NoO No ignition, low darkening
506 <60 sn Yes Yes Cracking, no ignition, low darkening
=}
‘é 10% <60 sn No Yes Cracking, no ignition, low darkening
o
&) Cracking, ignition at fourth or fifth
15% <60 sn Yes Yes flame application, extinguished,
low darkening
I~ Ignition at fourth or fifth flame
Ol al 5% <60 sn No No application, extinguished, low
= darkening
qg) 10% <60 sn NO No Ign|t|(_)n at_flfth flame appllc_atlon,
5 extinguished, low darkening
0 Ignition at fifth flame application,
15% <60 sn No No o .
extinguished, low darkening
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CONCLUSION

In this experimental research, flame resistancy of chopped E-glass fiber reinforced epoxy composites are
compared to those of composites with openned-up E-glass fiber. Firstly, chopped E-glass fibers were exposed
to fiber openning process via pressurized air in a closed barrel and then epoxy composites with openned-up
glass fibers in bundle form were casted by hand lay-up technique. The effect of reinforcement as bundle
instead of chop on flammability of epoxy composites was examined. Based on the results of UL94 5VB
burning test, followings were concluded.

In chopped-PBT2 and -PP4 composites, hole occurences are observed at different stages of flame applications
even in high fiber proportions but not in openned-up PP4 composites. There is no ignition of cotton indicators
during burning test of openned-up E-glass fiber composites. Total time for each individual sample of chopped-
PBT2 and -PP4 composites is higher than 60 s in 5 % and 10 % fiber loading. Fiber openning process lead to
decrease in darkening for all samples and inhibit cracking occurence observed in PP4samples. PH2glass fibers
contribute flame resistancy of composites due to its high fiber aspect ratio. Contribution of corresponding
fiber increases by reforming chopped to bundle form via fiber openning-up process because distribution of
fiber in matrix is enhanced. Composites with openned-up PH: glass fibers are the most flame resistant ones
among manufactured samples. These samples exhibit desired behaviors for criteria of flammability test
standard, even at low fiber loading. Generally, fiber openning process improves flame resistant characteristics
of samples. Flame resistancy of samples can be improved with better manufacturing conditions for better
surface characteristics.
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OZET

Giines enerji sistemleri siirdiiriilebilir ve temiz ¢evre icin kaginilmazdir. Ozellikler artan insan niifusu ile enerji
tilkketimindeki fazlalagsma fosil yakitlarin kullanimi agisindan tehlikeli boyuta ulasmistir. Giines bacasi giic
santralleri hem diisiik bakim maliyetleri hem de CO2 saliniminin diisiik olmas1 bakimindan popiilerligini
arttirmaktadir. Yiksek bacasi sayesinde olusturdugu basing farki elektrik dretimi igin itici giig
olusturmaktadir. Ayrica genis toplayici ile ilizerine diisen giines 1s1nimini biinyesine alarak altindaki sistem
havasiin kinetik enerjisini arttirir. Kinetik enerjisi artan sistem havasi, tlirbin aracilifiyla elektrik iiretir. Bu
calisma ilk prototip olan Manzanares gii¢ santralini referans alarak toplayici ytliksekligindeki degisimin sistem
havasi iizerindeki etkisini yorumlamay1 amaglar. 3 boyutlu CFD modeli olusturularak deneysel ve literatiir
verileri ile dogrulanir. Tiim ¢oziimlemeler siirekli kosullar altinda sabit 300 K ¢evre sicakligir ve 1000 W/m2
giines 1s1im siddetinde elde edilir. 1,85 m yiiksekligie sahip olan pilot tesisin ideal toplayici yiiksekliginin
daha az olmas1 gerektigi, diisiik toplayict yiiksekliklerinde sistemin performansinin arttigir goriilmektedir.
Ayrica toplayict yliksekligindeki artis ile sistemin debisinde belirgin bir yiikselme oldugu tespit edilir.
Maksimum hava akis hizinin diisiik toplayici yiiksekliklerinde daha yiiksek oldugu, bunun nedeninin sisteme
giren toplam enerjinin sabit olmasina ragmen hava debisindeki azalmadan kaynaklandig1 belirlenir.

Anahtar Kelimeler: Giines bacasi gii¢ santralleri, Toplayici yiiksekligi, Toplayict etkisi

ABSTRACT

Solar energy systems are indispensable for a sustainable and clean environment. Especially with the increasing
human population, the increase in energy consumption has reached a dangerous level in terms of the use of
fossil fuels. Solar chimney power plants are gaining popularity due to low maintenance costs and CO2
emissions. The pressure difference created by its high chimney creates a driving force for electricity
generation. In addition, it increases the kinetic energy of the system air under it by absorbing the solar radiation
falling on it with its large collector. System air with increased kinetic energy generates electricity through the
turbine. This study aims to interpret the effect of the change in collector height on the system air concerning
the first prototype Manzanares power plant. A 3D CFD model is created and verified with experimental and
literature data. All analyzes are obtained under continuous conditions at a constant ambient temperature of
300 K and a solar irradiance of 1000 W/m2. It is seen that the ideal collector height of the pilot plant, which
has a height of 1.85 m, should be less, and the system’s performance increases at low collector heights. In
addition, it is determined that there is a significant increase in the system’s flow rate with the rise in the
collector height. It is determined that the maximum air flow rate is higher at low collector heights due to the
decrease in the air flow rate even though the total energy entering the system is constant.

Keywords: Solar chimney power plant, collector height, collector effect

INTRODUCTION

The rapidly increasing human population in the world in the last century has caused energy consumption to
reach incredible levels. Especially with the technological developments, the increase in energy dependency
has revealed multi-faceted effects. The energy need for a short-term solution has been met from fossil fuels
for many years. As this situation increased environmental pollution and harmful gas emissions, the search for
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clean energy was born. The best source for this quest is renewable energy sources. Renewable energy sources
are indispensable for the continuity of our planet, as they do not have harmful gas emissions and are
environmentally friendly. Geothermal, solar, hydroelectric and wind energy are among the most common
renewable energy sources. Of these, solar energy has an unlimited potential for humanity. Although solar
energy has a wide usage area, it is widely used for space heating, hot water production and electricity
generation. Solar energy can be used directly or indirectly to generate electricity. PV modules are used to
generate electricity directly. PV modules can convert the solar radiation falling on them directly into electricity
(Cuce et al., 2017). Indirectly, an intermediate fluid is needed to generate electricity from solar energy. Solar
energy is first transferred to a fluid through some systems, and then electricity is produced from the kinetic
energy of the fluid through a turbine (Cuce et al., 2022). One of the solar energy systems working with this
technique is solar chimney power plants (SCPP). These systems, which receive solar energy with the semi-
permeable feature of the large-scale collector, do not have harmful gas emissions. It creates a vacuum effect
with the pressure difference at the inlet and outlet of the high chimney, which is the other structural element.
This vacuum effect forces the system air, whose temperature and kinetic energy increase in the collector
center, to upward movement. This results in the system air accelerating into the chimney and rising. In the
meantime, the kinetic energy of the system air is converted into electricity with the turbine inside the chimney.
SCPP systems are first installed in Manzanares, Spain in the 1980s. The system with a chimney height of
194.6 m had a collector with a diameter of 244 m and it was shown by experimental measurements that it gave
a power output of 50 kW (Haaf et al., 1983). In the next process, researchers do different studies to improve
the performance of the system. In general, studies can be classified under two headings as climatic and
geometric parameters. Environmental temperature and solar radiation intensity are climatic parameters. For
the Manzanares pilot plant, it is claimed by researchers that an increase in ambient temperature decreases the
performance of the system, while an increase in solar radiation intensity increases performance (Cuce et al.
2020a). Geometric parameters can be evaluated as chimney height and diameter, collector height and diameter.
The size of the collector is important as it directly affects the energy entering the system. Li et al. (2012) in
their 3D CFD study for the Manzanares pilot plant, they claim that the power output is approximately 54 kW
in the reference case, and if the collector radius is doubled, the power output will exceed twice that of 120
kW. The height of the chimney also affects the performance of the system like the collector. Cuce et al. (2020b)
They analyze the effect of chimney height on the system with the 3D CFD model they created over the
Manzanares pilot facility. They emphasize that the power output, which is 54 kW at the reference height, will
increase to 134 kW if the chimney height is 500 m. It is claimed by researchers that the chimney is the driving
force of the system and can provide continuous power output (Sen and Cuce, 2020).

When the studies are evaluated, it is seen that there is intense work on the collector size and chimney height,
but the collector height is not adequately interpreted. In studies on the collector height, it is neglected that the
air under the collector shows turbulent flow, especially after a certain height. In this study, the outputs of the
system are compared by accepting both turbulent flow and laminar flow for different values of the collector
height.

RESEARCH AND FINDINGS

In this study, in which the effect of collector height on the performance of the SCPP system is evaluated, a 3D
CFD model is created with the student version of ANSY'S engineering commercial software. The created 3D
model is converted into a 90° model for economy and solved in the FLUENT interface using the boussinesq
approach under constant climatic conditions. 3D CFD design, the visual and mesh image of the 90° model are
given in Figurel.
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Figure 1. Images of 3D CFD model, 90° model and mesh image.

In the analysis, mesh-independent solution is performed to reach the ideal number of cells. The detailed
comparison of the mesh independent solution is given in Table 1. When the table is examined, since the %
change in the number of elements for 0.8 m element size is negligible, it is considered sufficient for the
solution. CFD and geometric data of the system are given in Table 2. For the mesh-independent solution, the
maximum air flow rate (Vmax) in the system is taken as reference.

Table 1. Mesh independence solution and details.

Element size (m) Element numbers Vmax (M/S) %change
1 367857 15.145 -
0.9 482518 14.311 -5.506
0.8 625305 14.223 -0.614
0.7 838257 14.301 0.548
Table 2. Gometric data of the system and CFD details (Haaf, 1984).
Collector height (m) 05-25 Collector Radius (m) 122
Chimney height (m) 194.6 Chimney diameter (m) 10
Air density (kg/m®) 1.176 Atmospheric pressure (Pa) 92930
Ambient temperature (K) 300 Solar radiation (W/m?) 1000

In the CFD model, 5 m is considered sufficient since the temperature does not change in the experimental data
from a depth of 1 m on the ground (Haaf, 1984). Soil and gravel mixture is used as the ground material based
on the pilot plant. The floor and chimney are defined as opaque and the collector as semi-permeable. Material
properties are given in Table 3. In the solvent options, coupled is used for pressure-velocity analysis,
PRESTO! for pressure discretization, and a 2nd order solution for other discretizations. The convergence
criterion is taken as 107 for all cases.

Table 3. Material properties used in the CFD model (Pandey et al., 2021; Abdelmohimen and Algarni, 2018).
| Material/Properties \ Density (kg/m®) | Heatcap. (j/kgk) | Thermal con.(W/mK) |
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Ground 2160 750 1.15
Glass 2700 840 0.78
Chimney 2100 880 1.4

After determining the applicability of the CFD model with the mesh-independent solution, experimental data
and literature are used to validate the model. In the study based on the pilot plant, it is seen that the maximum
air flow rate (Vmax) is 14.223 m/s and the power output is 53.6 KW. These results are consistent with
experimental data. Detailed comparison is given in Table 4.

Table 4. Verification of the CFD model with the literature (Schlaich et al., 2005).

Experimental CFD % Error
Maximum velocity (Vmax) (m/s) 15 14.223 5.18
Power output (P) (kW) 50 53.6 7.2

The solutions are repeated by changing the collector height in the range of 0.5 — 2.5 m with the verified model.
In all analyses, the flow is considered turbulent. It is seen that reducing the height of the ball increases the
performance of the system in general. In the reference case, the maximum air flow rate in the system at 1.85
m collector height is 14.223 m/s, while if the collector height is 0.5 m, it is seen that the maximum air flow
rate increases by 70% and exceeds 24 m/s. The same is true for the mean pressure difference at the turbine
position. It is seen that the average pressure difference, which is 106,623 Pa for the reference situation at the
turbine position, increases by 160% to 277,721 Pa when the collector height is made 0.5 m. There is no similar
situation for mass flow. It is seen that the mass flow rate, which is 1108.6 kg/s at the reference height, decreases
by 43% and becomes 631.46 kg/s if the collector height is made 0.5 m. The power output graph of the system
at different collector heights is given in Figure 2. It is noteworthy that the power output decreases with the
collector height. Reducing the collector height after a point may affect the flow characteristics and cause the
conversion from turbulent flow to laminar flow. In this case, the air flow rate in the system will decrease, so
the power output will also decrease. For this, the performance data of the system for both laminar and turbulent
flow at low collector heights are evaluated. Detailed data are given in Table 5.
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Figure 2. Effect of collector height on SCPP power output.

These findings obtained from the analysis made with the assumption of turbulent flow show that the collector
height has a negative effect on the system. In this case, the point to be considered is to evaluate the flow
characteristic in the system when the collector height decreases. For natural convection the dimensionless
number Rayleigh (Ra) is decisive for laminar and turbulent flow. Since there is turbulent flow with Rayleigh
number greater than 10?2, the Ra number is approximately 2.16X108 for a collector height of 0.5 m. Since this
value is smaller than the critical Ra number, the flow can be assumed to be laminar. In Figure 3, for 0.5 m
collector height, laminar and turbulent flow, respectively, and maximum air flow velocity contours in the
system are given. As can be seen from the image, since the collector height is low, the air flow rate up to the

throat is low. Detailed data for laminar and turbulent flow acceptance for 0.5 m collector height are given in
Table 5.

Table 5. Performance data of the system in laminar and turbulent flow for collector heights of 0.5 m.

Mass flow Vmax (M/s) | Power
rate (kg/s) output
(kW)
0.5 m | 273.94 10.083 6.016
Laminar
0.5 m | 631.46 24.222 79.53
Turbulent
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Figure 3. Velocity contours for 0.5 m collector height laminar on the left and turbulent on the right.

CONCLUSION

. CFD model gives very consistent results in experimental data for 1000 W/m? and 300 K ambient
temperature lowering the collector height improves system performance.

o There is a minimum height for the ideal value of the collector height. In order to determine this value,

the study can be expanded by evaluating the natural transport effects and evaluating the value of Ra
number for different heights.

. It is possible to increase the power output, which was 53.6 kW in the reference case, to 64.8 kW by
reducing the height by 20% with a collector height of 1 m.

. Since the flow characteristic is laminar at low collector heights, the collector height should not be
lowered below 1 m.

. If the collector height is made 0.5 m for the pilot plant, the expected power output cannot be obtained

because the flow characteristic will be laminar under the collector.
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ABSTRACT

In daily life, people spend most of their time indoors. This situation increases the need to keep indoor
environments warm in winter and cool in summer. This directly increases energy consumption. Since energy
dependence is dependent on fossil fuels and causes severe environmental pollution, energy consumption can
be significantly reduced with insulation applications to be made in buildings. Windows are responsible for
approximately 40% of the heat transfer in buildings. For this, reducing heat losses through windows can
significantly reduce energy consumption. This study aims to restrict air movement with barriers in double-
glazed windows. By preventing the air movement between the double glazing, the natural convection effects
will weaken and decrease the heat transmission coefficient. The 2D CFD model is verified by using ANSY'S
engineering commercial software and the heat transfer coefficient (Uw) of the insulated glass with air within
20 mm is determined as approximately 1.6 W/m?K. Then, the change in the heat transfer coefficient of the
insulating glass is evaluated with differently positioned barriers. It is seen that the barrier placed diagonally
reduces the heat transfer coefficient. It is seen that the heat transfer coefficient of the insulating glass with the
barriers placed in two different ways is 1.4 W/m?K and 1.52 W/m?2K, respectively. Similarly, it is understood
that the thickness of the insulating glass also affects the heat transfer coefficient. This study shows that the
heat loss from the windows can be reduced by up to 12.5% by using a barrier.

Keywords: Thermal insulation, CFD, Double glazing CFD, Double glazing

INTRODUCTION

Cities and reinforced concrete structures that become crowded due to the increasing human population
increase the temperature felt day by day. When people spend more time indoors combined with this situation,
it is inevitable that energy consumption will increase. Keeping indoor environments cool in hot environmental
conditions and keeping indoor environments warm in cold environmental conditions requires serious energy
consumption. Heat losses in indoor environments generally occur from the floor, windows, walls and roof.
Considering that the energy consumption of buildings is responsible for 30% of CO2 emissions in developed
countries, each element where heat losses occur is critical (Pérez-Lombard et al., 2008). Insulation work is
one of the commonly used methods to reduce heat losses from these building elements. Since there is no
insulation for windows, researchers try to reduce heat losses with different techniques. Windows make up a
significant portion of a building's heat loss. When Jelle et al. (2012) evaluate the heat transfer coefficients (U,
W/m?2K) of building elements in buildings, they emphasize that the highest heat transfer coefficient is in
windows. They state that the window heat transfer coefficient (Uw) is 2 W/m2K, then the highest heat transfer
coefficient belongs to the walls and is 0.3 W/m2K. When the data is evaluated, it is clear that the most serious
losses are from the windows. For this reason, it is clear that heat losses and energy efficiency will be increased
with the improvements to be made on the windows. Generally, it is seen that there are single clear glass, gray
single glazing, double clear glazing, gray tint double glazing, selective tint double glazing, lists low-e double
glazing and low-e triple glazing varieties in the literature (Cuce et al., 2022). Besides these techniques, there
are other techniques that researchers are interested in. Vacuum glass technique is an effective technique with
a Uw value of approximately 1.2 W/m?K (Cuce and Cuce, 2016). The biggest disadvantage of the vacuum
technique is the high production and maintenance cost. In the most widely used double glazing technique, the
window heat transfer coefficient (Uw) in the standard case is approximately 1.6 W/m2K. Some researchers
argue that using argon or krypton gas instead of air between double glazing will reduce the Uw value (Heydari
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etal., 2021). Zakaria et al. (2013) evaluate heat transfer in double glazed windows with 2D CFD study. They
compare the effect of using air, argon, and aerogel with a gas gap of 10 mm between 6 mm of double glazing.
They claim that using argon and airgel instead of air reduces heat transfer by 21% and 59%, respectively.
Some researchers claim that using transparent PV in double-glazed windows contributes to thermal insulation
as well as electricity generation (Gorgolis and Karamanis, 2016). Studies in the literature generally improve
thermal insulation and offer solutions to reduce energy consumption significantly. Considering that the
commercial size and cost of the products are important today, cost-reducing solutions are limited. In this study,
the Uw values of standard windows are reached by using air, argon and krypton gas, which are generally used
in double-glazed windows. Then, transparent barriers are used to reduce the convection effects by reducing
the fluid movement between the glasses. The effect of using these transparent barriers in different ways on the
system is evaluated.

RESEARCH AND FINDINGS

In the study carried out, a 2-dimensional CFD model is created with a 20 mm gas layer between 4 mm double

glass. ANSYS engineering commercial software student version is used for model and analysis. After the 2D

model is created, meshing is performed. Detailed images are given in Figure 1. First, the model is designed

without a transparent barrier. The cases casel (left to right) and case2 (right to left) are then reconstructed

using the transparent blocker.
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Figure 1. 2D model and mesh image.

Thermophysical properties of glass, air, argon and krypton used in the study are important. Using the ANSY'S
interface and the literature, the properties of materials and gases are given in Table 1. The purpose of using
different gas is to monitor the change of Uw value first, as stated in the literature. Then, it is aimed to give
comparatively how the Uw value changes for casel and case2 cases.

Table 1. Thermophysical properties of the materials used in the model (Movassag and Zamzamian, 2020).

Properties/Materials Air Argon Krypton Glass
Density (kg/m®) 1.225 1.6228 3.74 2500
Thermal cond. (W/mK) 0.0242 0.0158 0.0091 1.4
Specific heat cap. (J/kgK) 1006.43 520.64 380 750
Viscosity (kg/ms) 1.78x10° 2.125x10° 2.41x10° -

The mesh-independent solution of the model used in the study is performed first, and the reliability of the
results obtained regardless of the cell number is confirmed. For this purpose, the % change in Uw value is
calculated according to the change in minimum cell size and cell number. Since the % change in the number
of 53000 cells compared to the number of 40000 cells is negligible, the number of 53000 cells is considered
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sufficient for the solution. Details of the mesh-independent solution are given in Table 2. After obtaining the
mesh-independent solution, a comparison is made with the data from the literature to validate the model. For
these purposes, the Uw values obtained by the researchers for 3 different gases are compared with the CFD
results. The data for the validation of the model are given in Table 3.

Table 2. Mesh independent solution for cell count independence for the CFD model.

Minimum element size Number of elements Uw (W/m2K) % change
(m)

1x10° 33000 1.630 -
0.9x10° 40000 1.611 1.16
0.8x10° 53000 1.605 0.37

Table 3. Comparing the CFD results of 3 different filler gases with the Uw (W/m?K) values in the literature
to validate the model.

Filling gas CFD results Weir and Muneer, Cuce, (2018) Lietal., (2017)
(1998)

Air 1.6 1.6 - -

Argon 1.12 1.2 1.18-1.31 1.17

Krypton 0.87 1 - -

After performing mesh independent solution and validation of the model, the outdoor temperature is taken as
5°C and the indoor temperature as 25°C. In addition, the analyzes are repeated by using 20 mm filler gas
between 4 mm double glazing. When air is used as the filler gas, the Uw value is 1.6 W/m?K, while for argon
and krypton this value is 1.12 and 0.87 W/m?K, respectively. Then the solutions are repeated for 2 different
positions of the transparent barrier. It is seen that the Uw values are lower in case2 for all 3 different filler
gases. Comparative graph is given in Figure 2.
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Figure 2. Graph of reference state for 3 different filler gases, Uw values for casel and case2.

It is clear that transparent barriers significantly reduce the Uw value, and the use of krypton as a filler gas
between double glazing, especially in cold climates, will reduce heat losses. In future studies, the effect of
transparent barriers to be placed at different locations will be evaluated and recommendations for the optimum
situation will be given.

CONCLUSION

In the study, in which the effect of gas type used in double glazing and the use of transparent barriers
preventing gas movements on the Uw value to reduce heat losses from windows, the following results are
reached:

. For double glazing modeling, the 2D CFD model gives consistent results.

. Changing the filler gas has a serious effect on thermal insulation. Using krypton instead of air can
reduce heat loss by 45.3%.

. Preventing gas movement by using transparent glass increases the insulation effect by reducing the Uw
value for all 3 gases.

o According to casel, case? decreases the Uw value for all 3 gas types. Especially for Krypton, it

improves 28.6% thermal insulation.
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