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Congress Programme

Zoom Meeting ID: 847 7043 0612

Zoom Passcode: 070707
https://us02web.zoom.us/j/847704306122pwd=R IxIrgk WESSQEB7YgNCyUzaXFgqéwoz.1

Important, Please Read Carefully

To be able to aftend 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.

kkk

Before you login to Zoom please indicate your hall number, name and surname
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-Welcome Greetings -
Date- 07.10.2025

All schedule is according to GMT +3 time zone (Istanbul)

Dr. Atabek MOVLYANOV- (09.40-09.50)
General Coordinator of IKSAD Institute, TOrkiye

Assist. Prof. Dr. Derya Betul UNSAL - (09.30-09.40)
Sivas Cumbhuriyet University, TUrkiye

Prof. Dr. Sileyman DEGIRMEN - (09.50-10.00)
Rector of Sivas Cumhuriyet University, TGrkiye

EE 23

Participant Countries: Albania, Algeria, Azerbaijan, Bangladesh, China, India, Kosovo,
Lithuania, Malaysia, Morocco, Serbia, Turkiye, Ukraine, Vietham, Yemen



07.10.2025 / Hall-1, Session-1 / TSI Time - 1000;1200

Zoom ID: 847 7043 0612 / Passcode: 070707

Do o

Moderator:

Dr. Hikmet ALIM

Authors

Affiliation

Presentation title

Assoc. Prof. Dr. Serdar DIZMAN
Vasyl Volodymyrovych BILYK
Vasily Yuryevich ULYANOV

Recep Tayyip Erdogan
University, TUrkiye
Prydniprovska State
Academy of Civil
Engineering and
Architecture, Ukraine
Independent researcher,
Ukraine

GEOTECHNICAL MONITORING STRATEGIES DURING THE
COMPLETION PHASE OF AKKUYU NUCLEAR POWER PLANT
CONSTRUCTION

Lect. Dr. Hikmet ALIM

TUrkiye

Sivas Cumhuriyet University,

TOWARDS NEARLY ZERO-ENERGY BUILDINGS IN RURAL
ARCHITECTURAL HERITAGE: THE CASE STUDY OF CALLI
VILLAGE ROOM

Assoc. Prof. Dr. Seilma AKCAY
Dr. Sezgin YASA

TUrkiye

Cankin Karatekin University,

INVESTIGATION OF THE EFFECT OF BATTERY HOUSING
GEOMETRY ON LI-ION BATTERY THERMAL MANAGEMENT

Assoc. Prof. Dr. Selma AKCAY

Cankin Karatekin University,

NUMERICAL ANALYSIS OF THE EFFECT OF NANOFLUIDS
ON THE BATTERY THERMAL MANAGEMENT IN A

il e CORRUGATED MODULE
Salah Bezari
Sidi Mohamed El Amine Renewable Energy —1p A5s)vE COOLING OF BUILDINGS IN THE MEDITERRANEAN
Bekkouche Development Center,

Mohamed Kamal Cherier

Algeria

REGION: A FOCUS ON GHARDAIA CITY




07.10.2025 / Hall-2, Session-1 / TSI Time - 1000;1200

Zoom ID: 847 7043 0612 / Passcode: 070707

Moderator: Dr. Aynaz UGUR

2
]

Authors Affiliation Presentation title
RESOLUTION OF INVESTMENT DISPUTES ARISING BETWEEN
. = o THE INVESTOR AND THE PARTY STATE WITHIN THE SCOPE
Assist. Prof. Dr. Aynaz UGUR INdNU University, Turkiye OF THE ENERGY CHARTER AGREEMENT THROUGH
ARBITRATION
o Baku State University, | THE CONCEPT OF “GREEN ENERGY” IN THE LEGISLATION
Emin Alimusayev Azerbaijan OF AZERBALJIAN
Assoc. Prof. Dr. Aleksandra Megatrend University,  INTERNATIONAL AVIATION LAW AND THE REGULATION OF
NIKOLOVA MARKOVIC Serbia SUSTAINABLE AVIATION FUELS AND HYDROGEN
Ayoub Ait Akka Nalla H | Universit SEASONAL AND PRE-COOLING EFFECTS ON HIGH-
Prof. Dr. Ayoub Gounni O oroeae V- PRESSURE HYDROGEN STORAGE: A COMPARATIVE
Prof. Dr. Mustapha Elalami SIMULATION OF TANK TYPES
. University of Rajshahi, POWER AND PROTECTION: BALANCING RENEWABLE
Badhon Kumar Rakshit Bangladesh ENERGY EXPANSION WITH INDIGENOUS LAND RIGHTS
Res L:::i'stshg:i’::?;“::‘:ilam THE IMPACT OF CLIMATE CHANGE AND RENEWABLE
Assist. Prof. Dr Delow:r Hossain | Shere-Bangla Agricultural ENERGY ON AGRICULTURAL PRODUCTIVITY IN
A ! ) University, Bangladesh | BANGLADESH: AN EMPIRICAL ASSESSMENT USING ARDL
Res. Assist. Ismile Hossain Bhuiyan
i APPROACH
Res. Assist. Jisan Ahmed




07.10.2025 / Hall-3, Session-1 / TSI Time - 1000;1200

Zoom ID: 847 7043 0612 / Passcode: 070707

Do o

Moderator: Prof. Dr. Sultan Erkan

Authors Affiliation Presentation title
Dr. Berk KOKER Sivas Compurvet Universit, ['VASTEWATER FROM EMERGING ENERGY TECHNOLOGIES:
Prof. Dr. Meltem SARIOGLU vas Umu‘.jrrl'dyfe niversity. COMPOSITION AND MEMBRANE TREATMENT
CEBECI APPROACHES
Prof. Dr. Mgg:;fAR'OGLU Sivas Cumhuriyet University, | INNOVATIVE OSMOTIC MEMBRANES (IOMs): CURRENT
br. Berk KOKER Turkiye APPROACHES IN RESOURCE AND ENERGY RECOVERY
Shaik Mohammad Fazil

Assoc. Prof. Dr. J.Salai Thillai

G.Pulla Reddy Engineering

Thilagam College (Autonomous), ELECTROMAGNETICS FOR WASTE MANAGEMENT
Assist. Prof. Dr. P.C.Praveen India
Kumar
Kaddour ZINEB University of EI-Oued, THE ABILITY OF THE SALSOLA BARYOSMA PLANT TO
Algeria REMOVE THE TURBIDITY OF WASTEWATER
S“';'vrgﬁze:gflﬁfm University of 20 August 1955, CO-CONVERSION OF PLASTICS AND BIOMASS:
. Algeria COPYROLYSIS FOR ADVANCED FUELS
Youghourta Belhocine




07.10.2025 / Hall-4, Session-1 / TSI Time - 1000;1200

Zoom ID: 847 7043 0612 / Passcode: 070707

Do o

Moderator: Dr. Poh-Yee LOH

Authors

Affiliation

M.A. Bossi
B. Mehdaoui
R. Fakhreddine
L. Bih
A. El Bouari

University Hassan Il of
Casablanca, Morocco
Moulay Ismail University,

Morocco

Presentation title

SYNTHESIS, MORPHOLOGY, STABILITY THERMIC AND
PARTICLES SIZE EFFECT ON GAP ENERGY AND DIELECTRIC
PROPERTIES IN MGNIO2

llir Xhebexhia

European University of
Tirana, Albania

FROM DETERRENCE TO PREDICTION: HOW ARTIFICIAL
INTELLIGENCE RESHAPES THE CONCEPT OF SECURITY IN
THE WESTERN BALKANS

El mostafa Benharaf
Ikram Mennas
A .Arif
Abdellah Zeroual
Mohammed El idrissi

Sultan Moulay Slimane
University, Morocco

Morocco

Chouaib Doukkali University,

INVESTIGATION OF QUINOXALINE DERIVATIVES AS
ELECTRON DONORS IN ORGANIC SOLAR CELLS USING
DFT/TD-DFT

Arnab HAZRA
Debashis DE

Netqji Subhash Engineering
College, India
Maulana Abul Kalam Azad
University of Technology,
India

DRORES: DRONE SWARM PATH PLANNING FOR WIND-
INDUCED DISASTER RESPONSE

Chaymae SERGENT
Mohammed OUACHEKRADI
Dr. Mohammed ELKABOUS

University Mohammed First,

MOLECULAR ENGINEERING OF 11i-SPACER SENSITIZERS
FOR IMPROVED CHARGE INJECTION INTO TiO, IN DYE-

Amal ATMANE Morocco SENSITIZED SOLAR CELLS
Prof. Dr. Yasser KARZAZI
Poh-Yee LOH Universiti Malaya, Malaysia

Payam SHAFIGH

Wenzhou University of

Technology, China

OPPORTUNITIES AND CHALLENGES OF USING COLOURED
CONCRETE AS A PASSIVE URBAN COOLING SOLUTION




07.10.2025 / Hall-1, Session-2 / TSI Time - 1230:1430

Zoom ID: 847 7043 0612 / Passcode: 070707
%’ Moderator: Prof. Dr. Vagif NEVRUZOGLU

Affiliation Presentation title
THE EFFECT OF RECUPERATOR INTEGRATION ON

Authors
Assist. Prof. Dr. Cenker AKTEMUR S Uni it of Sci
Ivas University of 5sclence | A GANIC RANKINE CYCLE PERFORMANCE: ENERGY

Assist. Prof. Dr. Barig g
KAVASOGULLARI and Technology, Turkiye AND ECONOMIC ANALYSES
Prof. Dr. Ertan BUYRUK
Assist. Prof. Dr. Deniz GOLBASI |Sivas Cumhuriyet University, | WATER SOURCE HEAT PUMP APPLICATION IN A TOURISM
Assist. Prof. Dr. Mustafa CANER Torkiye REGION IN AFYONKARAHISAR PROVINCE
Yaren Su AGBABA
; . Recep Tayyip Erdogan | CONTRIBUTION OF VARIOUS MODEL COMPONENTS TO
As':i:Is;'rgfmI;rDlzl.a'ri:'lr:“él'?YKﬂcI:(ﬁzlu University, Torye | THE FISSION CROSS-SECTION OF 186, 184, 183, 182W FOR
: s Giresun University, TUrkiye 3He-INDUCED REACTIONS
Assoc. Prof. Dr. Bilent BUYUK
Assoc. Prof. Dr. Mirag o
KAMISLIOGLU Bandirma Onyedi Byl | pp 57ON-BORON FUSION for THE CLEAN ENERGY and
University, TUrkiye TURKIYE

Prof. Dr. 3. Ipelg KAR.AASI'AN Yeditepe University, TUrkiye
Assoc. Prof. Dr. Ismail KOCAK

Canan CAN
Asso?:r%’f" g:%\imc Bandima Onyedi Eyiol | DEVELOPMENT AND PERFORMANCE EVALUATION OF
- Irma Onyed BORON BASED TARGET MATERIALS IN PROTON-BORON
KAMISLIOGLU L University, TUrkiye FUSION STUDIES
Assoc. Prof. Dr. Bilent BUYUK
Prof. Dr. Vagif NEVRUZOGLU cecon Tavio Erdoaan | PRODUCTION AND INVESTIGATION OF Cds/CdTe SOLAR
Biisra TOPCU 0 n'?v ersinnywrkiyg CELLS BASED ON CdTe PRODUCED BY THE COLD
SUBSTRATE METHOD

Dr. Melih MANIR



07.10.2025 / Hall-2, Session-2 / TSI Time - 1230:1430

Zoom ID: 847 7043 0612 / Passcode: 070707

Do o

Moderator: Dr. Ebubekir Siddik AYDIN

Authors

Affiliation

Presentation title

Assist. Prof. Dr. Ebubekir Siddik
AYDIN

Sivas University of Science
and Technology, Turkiye

HYDROGEN PRODUCTION VIA MOLTEN-METAL-ASSISTED
CONTINUOUS METHANE PYROLYSIS: A NASA CEA-BASED
MODELING STUDY

Lect. &zgenur DINCER SAHAN
Prof. Dr. Ahmet KARADAG

Yozgat Bozok University,
TUrkiye

Bursa Uludag University,
TUrkiye

THE ROLE OF CO-CULTURE FERMENTATION IN
BIOETHANOL PRODUCTION: HIGH-EFFICIENCY
CONVERSION STRATEGIES FROM LIGNOCELLULOSIC
BIOMASS

Talha KURU
Yigit Osman AKYILDIZ
Ali KELES
Barig ARICI
Emre ASLAN
imren HATAY PATIR

YEO Technology R&D
Center, TUrkiye
Selguk University, TUrkiye

INVESTIGATION OF BENTONITE-SUPPORTED MoSx
PHOTOCATALYSTS FOR PHOTOCATALYTIC HYDROGEN
PRODUCTION

Yigit Osman AKYILDIZ
Talha KURU
Ali KELES
Baris ARICI
Emre ASLAN
imren HATAY PATIR

YEO Technology R&D
Center, TUrkiye
Selguk University, TUrkiye

INFLUENCE OF ELECTROLYTE COMPOSITION ON
ELECTROCHEMICAL NITROGEN REDUCTION REACTION
PERFORMANCE OF NANO-SCALE WS2 CATALYSTS

Assist. Prof. Dr. Alisan AYVAZ

Amasya University, TUrkiye

DETERMINING THE OPTIMAL POWER RATIO BETWEEN
WIND ENERGY AND PEM ELECTROLYSIS SYSTEMS FOR
ECONOMIC GREEN HYDROGEN PRODUCTION: A CASE
STUDY FOR SAMSUN PROVINCE, TURKIYE

Amina Yahia

Oum el Bouaghi University,
Algeria

GIS-BASED MULTICRITERIA ANALYSIS FOR OPTIMAL GREEN
HYDROGEN (GH2) PRODUCTION SITE SELECTION

Amina Yahia

Oum el Bouaghi University,
Algeria

TOWARDS ENERGY SUSTAINABILITY IN ALGERIA:
OPTIMIZING HYBRID SYSTEMS COMBINING RENEWABLE

ENERGIES AND SMART TECHNOLOGIES




07.10.2025 / Hall-3, Session-2 / TSI Time - 1230:1430

Zoom ID: 847 7043 0612 / Passcode: 070707

Do o

Moderator: Dr. Atabek MOVLYANOV

Authors

Affiliation

Bui Xuan Vuong
Vo Kim Ngan
Pham Thi Thuy Trang
Bui Thi Hoa

Electric Power University,
Vietham

Sai Gon University, Vietham

Presentation title

GREEN PRODUCTION OF HIGH-SURFACE-AREA BIOCHAR
FROM SUGARCANE BAGASSE AND ITS INCORPORATION
INTO TOOTHPASTE FORMULATION

Joraté LIEBUVIENE
Vida JOKUBYNIENE

Lithuania

Higher Education Institution,

THE POTENTIAL OF HYDROTREATED VEGETABLE OIL (HVO)
IN REDUCING EMISSIONS FROM ROAD TRANSPORT

Pallabi Pahari
Sushanta Kumar Mohapatra
Jitendra Kumar Das

Technology (KIIT) Deemed
to be University, India

Kalinga Institute of Industrial

PERFORMANCE ANALYSIS OF llI-V COMPOUND
SEMICONDUCTOR-BASED DGTFET WITH GATE DIELECTRIC
ENGINEERING

Ikram Mennas
Prof. Dr. Mohammed El Idrissi

Prof. Dr. Abdelkhalek Aboulouard

El Mostafa Benharaf
Ahmed Arif

Sultan Moulay Slimane
University, Morocco

UNVEILING STRUCTURE-PROPERTY RELATIONSHIPS IN
NON-FULLERENE ACCEPTORS FOR ORGANIC SOLAR
CELLS USING DFT/TD-DFT

Dinore HASANI
Assist. Prof. Dr. Gjelosh VATAJ
Assist. Prof. Dr. Labinot TOPILLA

University of Applied
Sciences in Ferizaj, Kosovo

ANALYSIS OF THE INCREASE OF ELECTRICITY EFFICIENCY
IN PUBLIC SECTOR IN THE MUNICIPALITY OF FERIZAJ, CASE
STUDY - FERIZAJ

Hana MERAH
Mohammed JAMEEL
Abderahmane ABID
Abdelmalek GACEM

Djilani BENATTOUS

University of EI-Oued,
Algeria
Sana’a University, Yemen

OPTIMAL PLACEMENT AND SIZING OF SVC DEVICES FOR
ENHANCED STABILITY IN RENEWABLE ENERGY
INTEGRATED POWER SYSTEMS

Hana MERAH
Abderahmane ABID
Mohammed JAMEEL
Abdelmalek GACEM

Djilani BENATTOUS

University of EI-Oued,
Algeria
Sana’a University, Yemen

OPTIMAL POWER FLOW ANALYSIS INCLUDING
STOCHASTIC RENEWABLE ENERGY SOURCES USING
SPIDER WASP OPTIMIZATION ALGORITHM




content

sidi Mi?\f;::ﬁ’;mine PASSIVE COOLING OF BUILDINGS IN THE
Bokhovche MEDITERRANEAN REGION: A FOCUS ON 2
Mohamed Kamal Cherier GHARDAIA CITY
Emin Allmusayev THE CONCEPT OF “GREEN ENERGY" IN THE 3
LEGISLATION OF AZERBAIJAN
INTERNATIONAL AVIATION LAW AND THE
A'eksi;“:;?(g\'/'(lg"ow REGULATION OF SUSTAINABLE AVIATION FUELS 4
AND HYDROGEN
Ayoub Ait Akka Nalla SEASONAL AND PRE-COOLING EFFECTS ON HIGH-
Ayoub Gounni PRESSURE HYDROGEN STORAGE: A COMPARATIVE 5
Mustapha Elalami SIMULATION OF TANK TYPES
POWER AND PROTECTION: BALANCING
Badhon Kumar Rakshit RENEWABLE ENERGY EXPANSION WITH 6
INDIGENOUS LAND RIGHTS
Sharif Ahammad
Kad Estieque Alam THE IMPACT OF CLIMATE CHANGE AND
Delower Hossain RENEWABLE ENERGY ON AGRICULTURAL .
ismile Hossain Bhuiyan PRODUCTIVITY IN BANGLADESH: AN EMPIRICAL
, ASSESSMENT USING ARDL APPROACH
Jisan Ahmed
Kaddour ZINER THE ABILITY OF THE SALSOLA BARYOSMA PLANT TO 8
REMOVE THE TURBIDITY OF WASTEWATER
S“’wgnze::ﬁﬁfm CO-CONVERSION OF PLASTICS AND BIOMASS: o
. COPYROLYSIS FOR ADVANCED FUELS
Youghourta Belhocine
M.A. Bossi SYNTHESIS, MORPHOLOGY, STABILITY THERMIC
B. Mehdaoui AND PARTICLES SIZE EFFECT ON GAP ENERGY AND
R. Fakhreddine DIELECTRIC PROPERTIES IN MGNIO?2 10
L. Bih
A. El Bouari
El mostafa Benharaf
Ikram Mennas INVESTIGATION OF QUINOXALINE DERIVATIVES AS
A .Aif ELECTRON DONORS IN ORGANIC SOLAR CELLS 1
Abdellah Zeroual USING DFT/TD-DFT
Mohammed El idrissi
Arnab HAZRA DRORES: DRONE SWARM PATH PLANNING FOR 3
Debashis DE WIND-INDUCED DISASTER RESPONSE
Chaymae SERGENT
Mohammed OUACHEKRADI MOLECULAR ENGINEERING OF Tri-SPACER
Mohammed ELKABOUS SENSITIZERS FOR IMPROVED CHARGE INJECTION 14
Amal ATMANE INTO TiO, IN DYE-SENSITIZED SOLAR CELLS
Yasser KARZAZI
OPPORTUNITIES AND CHALLENGES OF USING
Poh-Yee LOH
Payam SHAFIGH COLOURED CONCRETE AS A PASSIVE URBAN 15
COOLING SOLUTION
HYDROGEN PRODUCTION VIA MOLTEN-METAL-
Ebubekir Siddik AYDIN ASSISTED CONTINUOUS METHANE PYROLYSIS: A 16
NASA CEA-BASED MODELING STUDY
THE ROLE OF CO-CULTURE FERMENTATION IN
&zgenur DINCER SAHAN BIOETHANOL PRODUCTION: HIGH-EFFICIENCY 8

Ahmet KARADAG

CONVERSION STRATEGIES FROM
LIGNOCELLULOSIC BIOMASS




Talha KURU
Yigit Osman AKYILDIZ

INVESTIGATION OF BENTONITE-SUPPORTED M0Sx

B‘::'I;(:flél PHOTOCATALYSTS FOR PHOTOCATALYTIC 20
Emre ASLAN HYDROGEN PRODUCTION
imren HATAY PATIR
Yigit Osman AKYILDIZ
Talha KURU INFLUENCE OF ELECTROLYTE COMPOSITION ON
Ali KELES ELECTROCHEMICAL NITROGEN REDUCTION 3
Baris ARICI REACTION PERFORMANCE OF NANO-SCALE WS2
Emre ASLAN CATALYSTS
imren HATAY PATIR
GIS-BASED MULTICRITERIA ANALYSIS FOR OPTIMAL
Amina Yahia GREEN HYDROGEN (GH2) PRODUCTION SITE 25
SELECTION
TOWARDS ENERGY SUSTAINABILITY IN ALGERIA:
Amina Yahia OPTIMIZING HYBRID SYSTEMS COMBINING o4
RENEWABLE ENERGIES AND SMART
TECHNOLOGIES
Bui Xuan Vuong GREEN PRODUCTION OF HIGH-SURFACE-AREA
Vo Kim Ngan BIOCHAR FROM SUGARCANE BAGASSE AND ITS o7
Pham Thi Thuy Trang INCORPORATION INTO TOOTHPASTE
Bui Thi Hoa FORMULATION
- . THE POTENTIAL OF HYDROTREATED VEGETABLE OIL
\;lil;rgthLII(EJBBUY\:\::EENNEE (HVO) IN REDUCING EMISSIONS FROM ROAD 28
TRANSPORT
Pallabi Pahari PERFORMANCE ANALYSIS OF lll-V COMPOUND
Sushanta Kumar Mohapatra SEMICONDUCTOR-BASED DGTFET WITH GATE 29
Jitendra Kumar Das DIELECTRIC ENGINEERING
Ikram Mennas
Mohammed El Idrissi UNVEILING STRUCTURE-PROPERTY RELATIONSHIPS
Abdelkhalek Aboulouard IN NON-FULLERENE ACCEPTORS FOR ORGANIC 30
El Mostafa Benharaf SOLAR CELLS USING DFT/TD-DFT
Ahmed Arif
Hana MERAH
Mohammed JAMEEL OPTIMAL PLACEMENT AND SIZING OF SVC
Abderahmane ABID DEVICES FOR ENHANCED STABILITY IN RENEWABLE 31
Abdelmalek GACEM ENERGY INTEGRATED POWER SYSTEMS
Djilani BENATTOUS
Hana MERAH
Abderahmane ABID OPTIMAL POWER FLOW ANALYSIS INCLUDING
Mohammed JAMEEL STOCHASTIC RENEWABLE ENERGY SOURCES USING 32

Abdelmalek GACEM
Djilani BENATTOUS

FULL TEXTS

Serdar DIZMAN
Vasyl Volodymyrovych

SPIDER WASP OPTIMIZATION ALGORITHM

GEOTECHNICAL MONITORING STRATEGIES

BILYK DURING THE COMPLETION PHASE OF AKKUYU 34
Vasily Yuryevich ULYANOV NUCLEAR POWER PLANT CONSTRUCTION
Selma AKCAY INVESTIGATION OF THE EFFECT OF BATTERY
Sezgin YASA HOUSING GEOMETRY ON LI-ION BATTERY THERMAL 42
MANAGEMENT
selma AKCAY NUMERICAL ANALYSIS OF THE EFFECT OF
R NANOFLUIDS ON THE BATTERY THERMAL 53

Sezgin YASA

MANAGEMENT IN A CORRUGATED MODULE




RESOLUTION OF INVESTMENT DISPUTES ARISING
BETWEEN THE INVESTOR AND THE PARTY STATE

Aynaz UGUR WITHIN THE SCOPE OF THE ENERGY CHARTER 65
AGREEMENT THROUGH ARBITRATION
Berk KOKER WASTEWATER FROM EMERGING ENERGY
Meltern SARIOGLY CEBeG]  TECHNOLOGIES: COMPOSITION AND MEMBRANE 73
TREATMENT APPROACHES
- . INNOVATIVE OSMOTIC MEMBRANES (IOMs):
Me"emBse':‘lf'I?oﬁ(L:RCEBEc' CURRENT APPROACHES IN RESOURCE AND 82
ENERGY RECOVERY
Shaik Mohammad Fazil ELECTROMAGNETICS FOR WASTE MANAGEMENT
J.Salai Thillai Thilagam 89
P.C.Praveen Kumar
FROM DETERRENCE TO PREDICTION: HOW
llir Xhebexhia ARTIFICIAL INTELLIGENCE RESHAPES THE CONCEPT 92
OF SECURITY IN THE WESTERN BALKANS
THE EFFECT OF RECUPERATOR INTEGRATION ON
Bqﬁ:;kf,;‘z'gg\sﬂ';m ORGANIC RANKINE CYCLE PERFORMANCE: 104
ENERGY AND ECONOMIC ANALYSES
Ertan BUYRUK
Deniz GOLBASI WATER SOURCE HEAT PUMP APPLICATION IN A 7
Mustafa CANER TOURISM REGION IN AFYONKARAHISAR PROVINCE
Yaren Su AGBABA
Nilay AKGAY CONTRIBUTION OF VARIOUS MODEL
Halim BUYUKUSLU COMPONENTS TO THE FISSION CROSS-SECTION OF 127
186, 184, 183, 182W FOR 3He-INDUCED REACTIONS
Bilent BUYUK
Mirag KAMISLIOGLU PROTON-BORON FUSION for THE CLEAN ENERGY
. ipek KARAASLAN and TURKIYE 134
Ismail KOCAK
Canan CAN
Canan CAN DEVELOPMENT AND PERFORMANCE EVALUATION
Mirac KAMISLIOGLU OF BORON BASED TARGET MATERIALS IN PROTON- 144
Bilent BUYUK BORON FUSION STUDIES
Vagif NEVRUZOGLU PRODUCTION AND INVESTIGATION OF CdS/CdTe
Biisra TOPCU SOLAR CELLS BASED ON CdTe PRODUCED BY THE 154
Melih MANIR COLD SUBSTRATE METHOD
DETERMINING THE OPTIMAL POWER RATIO
BETWEEN WIND ENERGY AND PEM ELECTROLYSIS
Alisan AYVAZ SYSTEMS FOR ECONOMIC GREEN HYDROGEN 164
PRODUCTION: A CASE STUDY FOR SAMSUN
PROVINCE, TURKIYE
Dinore HASANI ANALYSIS OF THE INCREASE OF ELECTRICITY
Gjelosh VATAJ EFFICIENCY IN PUBLIC SECTOR IN THE 174
Labinot TOPILLA MUNICIPALITY OF FERIZAJ, CASE STUDY — FERIZAJ
TOWARDS NEARLY ZERO-ENERGY BUILDINGS IN
Hikmet ALIM RURAL ARCHITECTURAL HERITAGE: THE CASE 194

STUDY OF CALLI VILLAGE ROOM




4t INTERNATIONAL ENERGY CONGRESS

October 7™, 2025 / Sivas-Tirkiye
Sivas Cumhuriyet University

ABSTRACTS

www.iksadkongre.com 1



4t INTERNATIONAL ENERGY CONGRESS

October 7™, 2025 / Sivas-Tirkiye
Sivas Cumhuriyet University

PASSIVE COOLING OF BUILDINGS IN THE MEDITERRANEAN REGION: A FOCUS
ON GHARDAIA CITY

Salah Bezari

Unité de Recherche Appliquée en Energies Renouvelables, URAER, Centre de Développe-ment des
Energies Renouvelables, CDER, 47133, Ghardaia, Algeria

Sidi Mohamed EI Amine Bekkouche

Unité de Recherche Appliquée en Energies Renouvelables, URAER, Centre de Développe-ment des
Energies Renouvelables, CDER, 47133, Ghardaia, Algeria

Mohamed Kamal Cherier

Unité de Recherche Appliquée en Energies Renouvelables, URAER, Centre de Développe-ment des
Energies Renouvelables, CDER, 47133, Ghardaia, Algeria

Abstract

The Mediterranean region, and particularly the city of Ghardaia in southern Algeria, faces pressing
challenges linked to high solar radiation, arid climate, and growing energy demand for cooling. In
this context, passive cooling of buildings represents a sustainable and cost-effective solution to reduce
dependence on mechanical air conditioning. This paper provides a comprehensive review of passive
cooling techniques in building design, including thermal mass, natural ventilation, shading devices,
evaporative cooling, and earth-air heat exchangers, with a focus on their suitability under
Mediterranean climatic conditions. Current research increasingly emphasizes the role of
microclimatic parameters such as solar exposure, wind regime, and humidity in shaping the
performance of these techniques. Special attention is given to recent studies from Ghardaia, which
offer valuable insights into the adaptation of vernacular architecture and modern passive strategies.
A critical gap identified is the limited integration of microclimate feedback into building operation
models, despite its significant influence on thermal comfort and energy efficiency. Previous review
articles have addressed isolated aspects of passive cooling, yet few have systematically assessed the
two-way interaction between microclimate and building operation. This paper contributes by
synthesizing available knowledge and highlighting future development directions, including
advanced simulation tools, sensor-based monitoring, and climate-responsive architectural design. The
findings underscore the importance of localized studies in hot, arid Mediterranean cities to guide the
transition toward energy-efficient, resilient, and sustainable built environments.

Keywords: Passive Cooling, Building Energy Efficiency, Microclimate Interaction, Mediterranean
C
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ABSTRACT

The impacts of climate change are becoming more evident in Azerbaijan. Reducing water sources,
increasing number of forest fires, declining level of Caspian Sea and abnormal weather events are the
most noticable effects of climate change in the region. In the contrast of intensifying climate change,
transitioning to green energy has become essential.

As a country rich in fossil fuel resources, Azerbaijan has taken major staps towards green energy
transition in the last 5 years by enhancing green policy and legislative framework. For example, in
2021 the Law “on the Use of Renewable Energy Sources in the Production of Electric Energy”, in
2023 the Law “on Energy” and the Law “Electro-energy” were adopted. The adoption of “Azerbaijan
2030: National Priorities on the Socio- economic Development” marked pivotal point in the green
energy transition, as fifth national priority declared the aim of “green energy space” for nation’s S0Cio-
economic development. In order to implement the National Priorities, “Socio-economic Development
Strategy of Azerbaijan in 2022-2026 was approved. This Strategy sets clear steps to be taken by the
government to promote green energy transition and energy efficiency. Furthermore, the liberation of
Karabakh and Eastern Zengezur opened a new page in green transition of Azerbaijan, as the President
declared liberated territories “clean energy zones”.

This study analyses the concept of “green energy” in the Republic of Azerbaijan by adressing latest
legal developments and national policy documents. Furthermore, this reserach reviews the natinal
energy objectives of Azerbaijan and the effectiveness of the relevant legal acts in achieving these
objectives.

Keywords: climate change, green energy, environmental legislation, Azerbaijan.
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ABSTRACT

The global aviation industry is under increasing pressure to adapt to the international framework for
tackling climate change, through the requirements for reducing harmful gases, decarbonizing aviation,
and ensuring the sustainability of the aviation industry in the long term. Sustainable aviation fuels
(SAF) and hydrogen stand out as the most promising alternatives to the conventional fossil fuel
kerosene. The transition to greener skies is a complex legal issue that must be viewed from several
different angles, such as regulatory alignment, certification, and harmonization of international
aviation law. Although technological processes have made these fuels a reality, the regulatory and
legal frameworks differ across countries.

This paper aims to analyze the international legal framework related to environmental protection, CO-
emissions reduction, and the introduction of alternative fuels in the aviation industry. Special focus
is placed on the analysis of the Chicago Convention, ICAO’s environmental standards, and the
Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA). The analysis further
examines regional and national approaches, focusing on the European Union’s ReFuel Aviation
Regulation and the US Tax credit approach for promoting SAFs and hydrogen in order to emphasize
the different regulatory and legal treatments by countries.

Ultimately, by analyzing the current legal frameworks and approaches, the paper concludes that
stronger international cooperation and the establishment of uniform international aviation regulations
are the most important foundations for achieving a legally grounded transition towards sustainable
decarbonization of international aviation.

Keywords: sustainable aviation fuels, hydrogen, aviation law, international law, sustainable energy.
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Abstract

Hydrogen is gradually becoming a clean energy carrier; the transport sector can leverage this
technology since it can power cars and trucks without generating harmful emissions when used in a
fuel cell. However, the high temperatures resulting from high pressure hydrogen filling reduce storage
efficiency and safety. Pre-cooling strategies and thermal management systems powered by renewable
energy present a promising solution to alleviate these problems. In this work, the performance of
various precooling methods and the effects of ambient temperature and pressure ramp rates on
hydrogen storage efficiency are analyzed using H2Fills simulation software. Results demonstrate that
pre-cooling hydrogen to -20°C can increase the state of charge from 19% to 93% and enhance storage
mass by up to 166% compared to refueling at 20°C. Type 4 tanks, which include composite liners,
showed improved thermal behavior and faster filling performance compared with Type 3 tanks. For
instance, at 21 MPa/min, Type 4 tanks needed 320 kJ of energy for cooling compared to 830 kJ for
Type 3 tanks. Seasonal analysis confirms improved performance during winter, while summer
conditions significantly reduce SOC due to accelerated heat buildup.

Keywords: Hydrogen Pre-Cooling, High-Pressure Storage, Thermal Management, HZ2Fills
Simulation, Fuel Cell Vehicles.
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Abstract

The global race to expand renewable energy is often framed as a clear win for the planet. But on the
ground, the story is more complicated. Large- scale wind farms, solar parks, and hydro projects are
frequently built on lands that Indigenous peoples have lived on, governed, and protected for centuries.
When these projects move forward without free, prior, and informed consent, they risk repeating the
same injustices that fossil fuel development caused, only this time in the name of “green progress’’.
This work looks at how we can shift to renewable energy without repeating the same mistakes made
during the fossil fuel era? To understand this, it examines international human rights law, national
land-use rules, and cases where Indigenous groups have opposed those “green” development projects.
It reviews cases showing both the successes and failures of legal protections for Indigenous
communities. The paper argues that respecting those communities’ sovereignty is not a barrier to
development but a path toward more durable, just, and socially accepted energy projects. Solutions
like benefit-sharing, locally led renewable projects, and clear requirements for free and informed
consent help make the transition just and equitable also. True climate justice requires including the
communities that have cared for these lands for generations- not ignore them.

Keywords: Renewable Energy, Indigenous Rights, Climate Justice, Legal Frameworks, Sustainable
Development.
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ABSTRACT

Agriculture is crucial for sustaining human but remains highly vulnerable to climate change. This
sector contributes to greenhouse gas emissions, especially through irrigation, posing risks to crop
yields and rural livelihoods. This study used ARDL model to investigate the impact of CO-, methane,
N20 emissions, and renewable energy on agricultural productivity in Bangladesh. Panel data from
the WDI were analyzed through descriptive statistics, correlation, and unit root tests. The
relationships among the variables were estimated using ARDL and dynamic ARDL models, with
bounds testing and lag determination. Correlation analysis revealed that agricultural output is
positively associated with fertilizer use and N20O emissions, while renewable energy consumption,
rural population, and CO: emissions were negatively associated. Unit root and bounds testing
confirmed long-run cointegration among the variables, validating the ARDL approach. Long-run
estimates showed that CO. emissions, per capita emissions, renewable energy use, and rural
population reduce output, while fertilizer consumption and N20O emissions enhance productivity.
Short- run dynamics highlighted the lagged effects of CO. emissions and rural population. The
dynamic ARDL simulation further confirmed persistence in output and mixed short-run impacts of
emissions, with N20 remaining a strong positive driver. Diagnostic tests validated model stability,
while Granger causality results indicated the bidirectional relationship between agricultural output
and agricultural CO: emissions, renewable energy, fertilizer, land use, rural population, and N20O
emissions alongside unidirectional links with CO- emissions per capita and CH4 emission. The
findings emphasize that while renewable energy mitigates emissions, its expansion may constrain
output, highlighting the trade-off between sustainability and productivity.

Keywords: Climate Change, Renewable Energy, Greenhouse Gas Emissions, Agricultural
Productivity, ARDL Model
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ABSTRACT

Aguatic plants that can adapt to and survive in floating settings are employed in natural biological
treatment systems all around the world since numerous studies have demonstrated how well these
plants can remove contaminants from wastewater. We shall demonstrate the efficacy of the Saharan
plant in this study, as it has a very respectable capacity to eliminate contaminants. Since the salsola
Baryosma plant is situated in the estuary of sewage effluent that is subject to initial treatment in EI-
Oued city, in the northeastern Algerian desert, this study intends to highlight the role of the Saharan
plant in the secondary treatment of wastewater. Before its conversion to an estuary, this region was
recognized for its abundance of desert grazing plants. However, the majority of plants managed to
adjust to their new surroundings. Because of the way its morphology was designed, the Salsola plant
was able to live in harmony with the estuary water and its presence on the site's periphery, depending
on its needs for water. In the area of residential wastewater treatment, the study was conducted on a
pilot scale (ONA EI-Oued, Algeria). The findings demonstrated that the Salsola treatment reduced
the turbidity from 106.34 NTU to 3.28 NTU. According to the study's findings, the Salsola plant is
highly effective at Turbidity removal. This plant, despite not being considered an aquatic plant, can
demonstrate effective treatment in wastewater estuaries.

Keywords: Phytoremediation, Saharan plant, Turbidity, Wastewater, EI-Oued.
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Abstract

The growing challenges of environmental pollution and energy scarcity highlight the urgent need for
sustainable plastic waste management strategies. Among various methods, pyrolysis offers a thermo-
chemical approach that not only mitigates plastic pollution but also recovers valuable energy
resources in the form of oil and gas. Unlike conventional mechanical recycling, pyrolysis can process
mixed plastic waste streams, making it a promising route for large-scale application.

This research investigates the production of fuel from plastic waste through pyrolysis. Experiments
were carried out on polyethylene (PE), polyethylene terephthalate (PET), and polyvinyl chloride
(PVC) within a temperature range of 250-450 °C, under varying operational conditions such as
heating rates and reactor configurations. The shredded plastic feedstocks were thermally decomposed
into three major products: liquid oil, gaseous fuel, and solid residues. Characterization of the pyrolysis
oil revealed physicochemical properties comparable to those of conventional diesel, suggesting its
potential use as an alternative fuel in compression ignition engines.

Key words: plastic waste, pyrolysis, polyethylene (PE), polyethylene terephthalate (PET), polyvinyl
chloride (PVC)
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Abstract

The objective of this study was to investigate the influence of particle size on the gap energy and
dielectric properties of MgNiO: . The compound was synthesised via two distinct methods: the solid-
state method (denoted MNO-S) and organometallic combustion (denoted MNO- SG). Both powders
exhibited cubic crystallisation with Fm-3m space group and cell parameters a=4.189056 A for MNO-
S and 4.192983 A for MNO-SG. Morphological analyses were conducted using MEB-EDS and TEM-
EDS, which confirmed the formation of micro-particles in MNO-S and nanoparticles in MNO-SG.
The optical band gaps of the samples were determined by means of diffuse reflectance spectroscopy.
A comparable band gap value of 3.7 eV was attained, and the thermal stability of the compounds was
substantiated by DSC analyses. The findings indicated that the compounds exhibited exceptional
stability, with no discernible phase transitions. The dielectric properties were investigated at
frequencies between 10 Hz and 1 MHz, with temperatures ranging from 30°C to 390°C. The results
demonstrate a notable increase in the dielectric constant, accompanied by a reduction in loss tangent,
as the particle size is diminished. The impedance spectroscopy revealed the presence of two broad
peaks in both the low and high frequencies, which can be attributed to the response of the grains and
grain boundaries. The activation energy of relaxation time and DC conductivity exhibited a decline
with a reduction in grain size, accompanied by an increase in capacity. The analysis of AC
conductivity through the Jonscher low model indicated the presence of diverse mechanisms
governing charge conductivity. The extracted activation energy from modulus demonstrated a
decrease with a reduction in particles, exhibiting a similar order of magnitude to that obtained from
the impedance spectroscopy.

Keywords: MgNiO2, solid-state, sol-gel, XRD, nanoparticles, MEB-EDS, Gap energy, DSC,
dielectric constant, impedance, ac-conductivity
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Abstract

In this theoretical investigation, we explore the optoelectronic properties of four quinoxaline-based
derivatives (M1-M4) as potential electron donor materials for application in organic solar cells
(OSCs). The study is carried out using density functional theory (DFT) and time-dependent (TD-
DFT) calculations at the B3LYP/6-31G(d,p) level, incorporating solvation effects via the PCBM
model in tetrahydrofuran (THF). The photovoltaic performance of individual molecules is evaluated
by examining important parameters such as frontier molecular orbital energies, band gaps, absorption
spectra, and overall reactivity descriptors.[1-2]

Among the studied derivatives, compound M3 stands out by exhibiting the narrowest energy bandgap
(2.94 eV), the broadest and most red-shifted absorption spectrum (extending from 400 to 800 nm),
and the highest chemical softness (0.678 eV). These characteristics suggest improved light-harvesting
efficiency and more favorable charge transport properties, making M3 a strong candidate for use in
OSCs. Conversely, M1 and M2 display deeper HOMO energy levels (—6.88 eV and —6.81 eV,
respectively), which are conducive to achieving higher open- circuit voltages (1.28 eV for M1 and
1.05 eV for M2). However, their relatively large bandgaps (4.01 eV and 4.00 eV) limit their ability
to absorb across the solar spectrum. Overall, this study highlights the tunability of quinoxaline
derivatives through molecular design and provides valuable insights into their potential as efficient
donor materials in the development of high- performance organic photovoltaic devices.

Keywords: Quinoxaline derivatives, Organic solar, TD-DFT, Photovoltaic performance, Charge
transport, Energy bandgap
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ABSTRACT

Internet of Drone Things (IoDT) is a hybrid, on-demand network of flying drones that can access the
internet, share data with other drones and various 10T devices, and process on-board data. The 1oDT
paradigm can unravel multidimensional problems in disasters. Drone applications especially in wind-
induced disaster management is a dominant research area for its decision-making capability with
dynamic path planning in harsh situations. In strong wind situations, drones sometimes are not capable
of flying and highly deviate from its intended route. But, in a post disaster scenario, when wind
becomes moderate, swarms of drones are capable to reach to the affected area. Path planning of the
drones towards the affected area in presence of wind is crucial for damage assessment, supply, and
rescue. For this reason, optimized path planning of swarms of drones is a safeguard to reach the centre
of disaster. In this proposed approach, we investigate drones’ path using Glowworm Swarm
Optimization (GSO) in windy environments. In this work, the deployed drones are modelled as a
glowworm in a search space. The luciferin of the glowworms is updated with respect to the proximity
to the destination and moves probabilistically towards their neighbour with higher luciferin value.
Our proposed method generates optimized path of the drones toward the centre of disaster in both no-
wind and wind-influenced scenarios. A comparative analysis of energy consumption for sustainability
is also performed to demonstrate the wind influence in drones’ path with respect to no-wind scenario.
The results show that GSO effectively guides the flying drones with feasible trajectories towards the
centre of disaster in a windy environment.

Keywords: Glowworm swarm optimization, Path planning, 10DT, Sustainability, Wind-induced
disaster response.
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ABSTRACT

The optimization of energy use, particularly from fossil sources, is a critical challenge for preserving
resources and mitigating the effects of climate change. In this context, the development of sustainable
energies, especially solar energy, represents a major avenue for improving energy utilization in
technological, industrial, and economic sectors. Advances in solar cell technology play a central role
in this transition. Within this framework, the present work investigates the development of next-
generation solar cells, with a particular focus on dye-sensitized solar cells (DSSCs). This study
explores the influence of n- bridge modification in dye molecules on the optoelectronic and charge-
transfer properties of DSSCs, including excitation energies, absorption spectra, oscillator strengths,
open-circuit voltages, and frontier molecular orbital energies (HOMO and LUMO). Density
Functional Theory (DFT) and Time-Dependent Theory (TD-DFT), using the 6-31G(d,p) basis set,
were employed to evaluate these properties. This research emphasizes the correlation between
molecular design and photovoltaic performance, highlighting how structural modifications at the n-
bridge level can enhance light absorption and electron injection. By providing a detailed theoretical
framework, the study contributes to a deeper understanding of structure— property relationships and
offers valuable guidelines for the rational design of innovative dyes. Our results indicate that the
studied molecules are promising candidates for dye-sensitized solar cells (DSSCs) applications.

Keywords: Solar cells; Climate change; Energy; DSSC; DFT; TD-DFT.
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ABSTRACT

The passive mitigation methods for urban heat island (UHI) phenomenon are classified into green
(vegetation), blue (water bodies) and grey (man-made structures) infrastructures. Among the grey
infrastructures, concrete is commonly used in pavement, walls and roofs that are exposed to solar
radiation. Although concrete is one of the main contributors to UHI effect, its impact can be minimized
by altering the solar reflectance of surfaces. Cool coatings with high solar reflectance can efficiently
reduce the surface temperature. However, due to coatings are predominantly organic-based,
susceptible to abrasion, lower durability when exposed to weathering, that leading to more frequent
maintenance. Hence, using exposed concrete without organic coating, especially in high traffic
locations or areas with difficulties to access for maintenance can reduce the overall life-cycle costing
while extending lifespan. Colour of concrete is mainly influenced by the colour of the cement
(binder). White cement concrete has higher albedo (more sunlight reflection and lower thermal
absorption) compared to grey cement concrete. While addition of colourants enhances the visual
appearance of concrete, it may also modify the albedo of the concrete surface. White, cool and
reversible thermochromic pigments can be incorporated into the cement matrix to reduce the solar heat
absorption of concrete. However, due to coloured concretes are permanently exposed to view;
therefore, it shall be treated with high standard to achieve the desired aesthetic appearance. This type
of concrete requires an involvement of professionals and skilled workers to deliver a quality and
durable product. In addition, cement is highly alkaline and pigment may be chemically unstable in
this alkaline environment and lose its chromatic properties in the long run. Research and tests are
needed prior to application of a solar reflective pigment in the concrete matrix to ensure that it does
not compromise the mechanical properties, optical properties and its durability.

Keywords: Albedo, concrete, pigment, colour, strength, surface, solar radiation
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OZET

Hidrojen, enerji doniisiim teknolojilerinde ve karbon nétrliigli hedeflerine ulagmada stratejik bir rol
oynamaktadir. Giiniimiizde hidrojen {iretiminin 6énemli bir kismi fosil yakitlara dayanmakla birlikte,
fosil yakit kaynakli CO2 emisyonlar1 nedeniyle temiz hidrojen iiretim yontemleri {izerine ¢alismalar
devam etmektedir. Bu baglamda, metan pirolizi (CH4 — C + 2H2), dogrudan karbonsuz hidrojen
tiretimi i¢in umut vadeden bir yontemdir. Ozellikle erimis metalde gergeklestirilen piroliz prosesleri,
yiiksek 1s1 kapasitesi, hizli 1s1 transferi ve kontrol edilebilir karbon ayrigmasi gibi avantajlar
sunmaktadir. Bu calismada, erimis metal destekli siirekli metan pirolizi yoluyla hidrojen tiretimi,
NASA CEA (Uygulamali Kimyasal Denge) yontemi kullanilarak modellenmis ve elde edilen
termodinamik denge sonugclari, metan pirolizi kinetik modelleri ile karsilastirilmistir. CEA tabanl
model, farkli sicaklik araliklarinda (800-1800 K) metan doniisiimiinii, hidrojen verimini ve karbon
olusumunu tahmin etmek i¢in kullanilmistir. Bununla birlikte, kinetik modellere ait reaksiyon hizlari,
aktivasyon enerjileri ve kararli durum siireleri metan pirolizi hakkinda bilgiler saglamistir.
Karsilagtirma sonuglart NASA CEA modelinin sistemin maksimum verimlilik potansiyelini ve
termodinamik sinirlarini belirlemek i¢in uygun oldugunu, kinetik modellerin ise gercek zamanli
reaktor tasarimi i¢in daha giivenilir oldugunu gdstermistir. Bununla birlikte, erimis metal profilinin
(6r. Sn, Cu, Fe) se¢iminin hem termodinamik denge hem de kinetik davranis {izerinde kritik etkileri
oldugu bilinmesine ragmen, erimis metal dnerilen model ¢alismasinda yalnizca bir karbon tasiyicisi
olarak dikkate alinmistir. Sonu¢ olarak, NASA CEA tabanli model ve kinetik modellerin birlikte
kullanilmasi, erimis metal destekli metan pirolizinin daha biitiinsel bir degerlendirmesini
saglamaktadir. Bu yaklasim, yalnizca laboratuvar 6l¢eginden endiistriyel Olcege gecis icin daha
gercekci tahminler saglamakla kalmaz, ayn1 zamanda enerji verimliligi ve karbon yonetimi agisindan
hidrojen iiretim siire¢lerinin optimizasyonuna da katkida bulunur.

Anahtar Kelimeler: Denge modeli, erimis metal, hidrojen.

ABSTRACT

Hydrogen plays a strategic role in energy conversion technologies and achieving carbon neutrality
targets. While a significant portion of hydrogen production today relies on fossil fuels, studies on
clean hydrogen production methods continue due to CO2 emissions from fossil fuels. In this context,
methane pyrolysis (CH4

— C + 2H2) is a promising method for direct carbon-free hydrogen production. Pyrolysis processes,
particularly those conducted in molten metal, offer advantages such as high heat capacity, rapid heat
transfer, and controllable carbon separation. In this study, hydrogen production via molten metal-
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assisted continuous methane pyrolysis was modeled using the NASA CEA (Chemical Equilibrium
with Applications) method, and the obtained thermodynamic equilibrium results were compared with
methane pyrolysis kinetic models. The CEA-based model was used to predict methane conversion,
hydrogen yield, and carbon formation over different temperature ranges (800-1800 K). However, the
reaction rates, activation energies, and steady-state times of the kinetic models provided insights
into methane pyrolysis. Comparison results showed that the NASA CEA model was suitable for
determining the maximum efficiency potential and thermodynamic limits of the system, while the
kinetic models were more reliable for real-time reactor design. However, although the selection of
the molten metal profile (e.g., Sn, Cu, Fe) is known to have critical effects on both thermodynamic
equilibrium and kinetic behavior, the molten metal was considered only as a carbon carrier in the
proposed model study. Consequently, the combined use of the NASA CEA-based model and kinetic
models provides a more holistic assessment of molten metal-assisted methane pyrolysis. This
approach not only provides more realistic predictions for the transition from laboratory to industrial
scale but also contributes to the optimization of hydrogen production processes in terms of energy
efficiency and carbon management.

Keywords: Equilibrium model, molten metal, hydrogen.
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OZET

Artan enerji talebi, fosil yakitlarin ¢evresel etkileri ve iklim degisikligi ile miicadele gerekliligi,
biyoyakitlar1 siirdiiriilebilir enerji ¢oziimleri arasinda 6n plana c¢ikarmaktadir. Bu baglamda
biyoetanol, yenilenebilir, gevre dostu ve karbon ayak izi diisiik bir yakit olarak dikkat ¢ekmektedir.
Lignoseliilozik biyokiitle gibi siirdiiriilebilir hammaddelerin endiistriyel 6lgekte etanol iiretiminde
kullanilmasi, yiiksek verimlilik ve ekonomik avantajlar sunar. Ancak, bu tiir biyokiitlelerin icerdigi
hem heksoz (C6) hem de pentoz (C5) sekerlerin etkin bir sekilde fermente edilebilmesi, mevcut
mikroorganizma sinirlamalar1 nedeniyle zorluk olusturmaktadir. Ozellikle yaygin olarak kullanilan
Saccharomyces cerevisiae mayasi yalnizca heksozlari fermente edebilirken, dogada yaygin olan
pentozlar1 degerlendiremez. Bu engelin asilmasi i¢in es kiiltiir fermantasyonu, yani farkli
mikroorganizma suslarinin birlikte kullanimu, etkili bir ¢6ziim olarak 6ne ¢ikmaktadir. Pichia stipitis,
Scheffersomyces stipitis, Spathaspora passalidarum gibi pentoz fermente edebilen maya tiirleri,
Saccharomyces cerevisiae ile es kiiltiirde kullanilarak her iki seker grubunun es zamanli doniistimii
saglanabilir. Bu calismada, lignoseliilozik biyokiitle kaynakli biyoetanol {iiretiminde es kiiltiir
stratejisinin verim, etkinlik, sinerjik avantajlari ve karsilagilan zorluklar1 bilimsel literatiir temelinde
degerlendirilecektir.

Anahtar Kelimeler: Biyoyakit, biyoetanol, lignoseliilozik biyokiitle, es kiiltiir fermantasyonu, pentoz
fermentasyonu

THE ROLE OF CO-CULTURE FERMENTATION IN BIOETHANOL PRODUCTION:
HIGH-EFFICIENCY CONVERSION STRATEGIES FROM LIGNOCELLULOSIC
BIOMASS

ABSTRACT

The growing global demand for sustainable energy, along with the environmental concerns associated
with fossil fuel consumption, has highlighted the importance of biofuels. Among them, bioethanol
stands out as a renewable, environmentally friendly, and low-carbon alternative. Industrial-scale
bioethanol production from lignocellulosic biomass requires not only an abundant and renewable
feedstock but also efficient conversion of both hexose (C6) and pentose (C5) sugars. The widely used
Saccharomyces cerevisiae strain is effective in fermenting hexoses but lacks the ability to utilize
pentoses, which are the second most abundant sugars in nature. To overcome this limitation, co-culture
fermentation—using compatible yeast strains in synergy—has emerged as a promising strategy.
Pentose-fermenting yeasts such as Pichia stipitis, Scheffersomyces stipitis, Spathaspora
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passalidarum, and others have been successfully co-cultured with Saccharomyces cerevisiae to
simultaneously convert both sugar types into ethanol. This review examines the efficiency,
advantages, and limitations of co- culture approaches in bioethanol production from lignocellulosic
biomass, emphasizing recent advances and potential for industrial application.

Keywords: Biofuel, bioethanol, lignocellulosic biomass, co-culture fermentation, pentose conversion
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ABSTRACT

Photocatalysis holds great potential for sustainable hydrogen production, as it enables the direct
conversion of solar energy into chemical energy. However, in photocatalytic processes, the rapid
recombination of charge carriers remains one of the major challenges that significantly reduces system
efficiency [1]. Overcoming these limitations requires the development of new support materials,
among which clay minerals have attracted considerable attention. Due to their large surface area, high
adsorption capacity, and structural features that promote charge separation, clays offer remarkable
advantages in dye-sensitized hydrogen production systems [1]. Bentonites, consisting mainly of
montmorillonite, are natural clay minerals that exhibit high cation exchange capacity, large specific
surface area, and strong adsorption properties[2]. These characteristics make them widely applicable
in environmental remediation, wastewater treatment, and ion removal, as well as suitable support
materials in catalytic systems. The high surface reactivity of bentonite facilitates the effective
adsorption of dye molecules and contributes to enhanced charge separation. In this study, bentonite
with its characteristic layered structure was sensitized with eosin Y dye to enable hydrogen generation
under visible light irradiation. To further improve catalytic performance, MoSx cocatalysts were
deposited onto the bentonite surface by a photodeposition method. Among transition metal
dichalcogenides, MoS: is frequently employed due to its high chemical stability and low cost. Its
remarkable activity in the hydrogen evolution reaction (HER) primarily originates from the
catalytically active edge sites. During the photodeposition process, amorphous MoSy species enriched
with unsaturated S-S bonds were generated, providing additional active sites, facilitating charge
transfer, and thereby significantly enhancing hydrogen production efficiency [3]. The hydrogen
generation rate of the bentonite/EY photocatalyst was determined to be 1.37 mmol g's™, whereas
the incorporation of the MoSi cocatalyst increased this value to 7.55 mmol g's™ for the
bentonite/EY/MoS; system. These results demonstrate that natural clay minerals such as bentonite
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can serve as efficient support

materials for dye-sensitized MoSx-based photocatalysts, offering a promising approach for hydrogen
production under visible light irradiation.

Keywords: hydrogen, catalysis, catalyst, clay, photocatalysis
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FOTOKATALITIK HIDROJEN URETIMINDE BENTONIT DESTEKLI MoS,
FOTOKATALIZORLERIN iINCELENMESI

OZET

Stirdiiriilebilir hidrojen {iiretiminde fotokataliz, dogrudan gilines 1s18inin kimyasal enerjiye
doniistiiriilmesini saglamasi nedeniyle biiylik potansiyele sahiptir. Ancak fotokatalitik siire¢lerde, ytik
tastyicilarin hizli rekombinasyonu, sistem verimliligini azaltan baslica sorunlardan biri olarak 6ne
cikmaktadir[1]. Bu kisitlarin asilabilmesi igin yeni destek malzemelerinin kullanimi kritik 6nem
tagimakta, Ozellikle kil mineralleri bu noktada dikkat ¢cekmektedir. Genis yiizey alani, yiiksek
adsorpsiyon kapasitesi ve yiik ayrigsmasmi tesvik eden yapisal ozellikleri sayesinde killer, boya
duyarli hidrojen iretimi c¢aligmalarinda umut verici avantajlar sunmaktadir[1]. Bentonit,
montmorillonit esasli yapisi nedeniyle yiiksek katyon degisim kapasitesi, genis 6zgiil yiizey alani ve
giiclii adsorpsiyon ozellikleri sergileyen dogal bir kil mineralidir[2]. Bu 6zellikleri sayesinde ¢evresel
iyilestirme, atik su aritim1 ve iyon gideriminde yaygin olarak kullanilmakta; ayn1 zamanda katalitik
sistemlerde destek malzemesi olarak degerlendirilmektedir. Bentonitin yiiksek yiizey reaktivitesi,
boya molekiillerinin etkin bicimde adsorplanmasina ve yiik tasiyici ayrigmasinin kolaylastirilmasina
katkida bulunur. Bu ¢alismada tabakali yapisiyla 6ne ¢ikan dogal bir kil minerali olan bentonit,
goriiniir 151k altinda hidrojen tiretimini gerceklestirmek lizere eosin Y boyast ile 1518a duyarl hale
getirilmistir. Sistemin katalitik etkinligini artirmak i¢in, bentonit yiizeyine fotodepozisyon
yontemiyle MoSx yardimci katalizorii entegre edilmistir. Gegis metali dikalkojenidleri arasinda 6ne
cikan MoS., kimyasal kararlilig1 ve diisiik maliyeti sayesinde sik¢a tercih edilmektedir. Hidrojen
evrimi reaksiyonunda MoS:’nin sergiledigi yiiksek etkinlik, 6zellikle kenar kisimlarinda yer alan
katalitik olarak aktif bolgelerden ileri gelmektedir. Fotodepozisyon siireciyle olusan, amorf ve
doymamis S-S baglar1 agisindan zengin MoS; tiirleri ise ¢ok sayida yeni aktif bolge olusturarak ytik
tasiyicilarin iletimini kolaylagtirmakta, bunun sonucunda da hidrojen iiretim hizinda 6nemli bir artig
saglamaktadir [3]. Boya duyarlilastirma sonrasi elde edilen Bentonit/EY katalizoriiniin hidrojen
dretimi 1.37 mmol g 's™' olarak belirlenmistir. MoS, yardime1 katalizoriiniin yiiklenmesi ile bu deger
Bentonit/EY/MoS; i¢in 7.55 mmol g's™! seviyesine ylikselmistir. Bu sonuglar, bentonit gibi dogal kil
minerallerinin boya duyarlilastirilmis MoSx bazli fotokatalizorler icin etkin bir destek malzemesi
oldugunu ve goriiniir 151k altinda hidrojen {iretimi i¢in umut vadeden bir yaklasim sundugunu
gostermektedir.

Keywords: hidrojen, kataliz, katalizor, kil, fotokataliz.
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ABSTRACT

Ammonia (NH3) is a well-known and highly important compound due to its widespread applications
in various fields, including chemicals, synthetic fibers, and fertilizer industries. In addition, owing to
its high energy density and carbon-free nature, it is considered a promising alternative energy carrier
to fossil fuels. Currently, the Haber-Bosch process is the primary industrial method for NHj3
production; however, its harsh conditions, energy demand, and greenhouse gas emissions pose major
challenges. Recently, the electrochemical nitrogen reduction reaction (NRR) has been proposed as a
sustainable alternative to the Haber-Bosch process. Nevertheless, achieving high NH3 production
efficiency requires overcoming the substantial dissociation energy barrier of the inert N=N triple
bond, as well as suppressing the competing hydrogen evolution reaction (HER) [1]. In this context,
the development of catalysts with high catalytic activity and selectivity is of great importance for
NRR. In recent years, transition metal dichalcogenide, particularly WS», have been reported to
possess catalytically active sites suitable for various photo- and electrochemical applications. To
enhance the NRR performance of WS»-based catalysts, different strategies such as crystal plane
engineering, particle size and morphology control, defect engineering, and heteroatom doping have
been explored [2]. In this study, the electrochemical NRR performances of WS, catalysts with
different particle sizes were investigated together with the effect of electrolytes (Na>SOa, Li2SO4, and
K2S04). The morphological characterizations of the commercially obtained catalysts were carried out
by TEM analysis, while their electrochemical activities were evaluated through linear sweep
voltammetry (LSV) and chronoamperometry (CA). The amount of NH3 produced was quantified
spectrophotometrically using the indophenol blue method based on a standard calibration curve. The
results revealed that nanostructured WS2 catalysts exhibited superior NH3 production performance
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compared to their microstructured counterparts, and the electrolyte performance followed the order
Li2SO4 > K2SO4 > NazSOs.

Keywords: Ammonia, electrocatalysis, transition metal dichalcogenide, electrolyte.
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NANO OLCEKLIi WS2 KATALIZORLERININ ELEKTROKIMYASAL AZOT
INDIRGEME REAKSiYON PERFORMANSI UZERINDE ELEKTROLITIN ETKIiSI

OZET

Amonyak (NH3), kimyasallar, sentetik elyaflar ve giibre endiistrileri dahil olmak {iizere gesitli
alanlardaki uygulamalar1 nedeniyle iyi bilinen olduk¢a 6nemli bir bilesiktir. Ayrica yiiksek enerji
yogunluguna sahip olmas1 ve karbon icermeyen yapis1 nedeniyle fosil yakitlara alternatif bir enerji
tasiyicisi olarak goriilmektedir. Haber-Bosch prosesi su anda NHj3 iiretimi i¢in birincil endiistriyel
yontemdir; ancak zorlu kosullari, enerji talebi ve sera gazi emisyonlari biiytlik zorluklar yaratmaktadir.
Son zamanlarda, elektrokimyasal N> indirgeme reaksiyonu (NRR), mevcut Haber-Bosch islemine
alternatif olarak disiiniilmektedir; ancak, yiiksek NHj iiretim verimliligi elde etmek i¢in yiiksek
ayrigsma enerjisi gerektiren kararli ve inert N=N {i¢li baginin kirilmasi ve rekabet eden hidrojen
iretim reaksiyonu engelini agsmak gerekmektedir [1]. Bu baglamda NRR i¢in yiiksek katalitik
aktiviteye sahip ve seciciligi yiiksek katalizor ihtiyaci ortaya c¢ikmaktadir. Son yillarda yapilan
caligmalar gegis metali dikalkojenitlerinden WS> nin ¢esitli foto ve elektrokimyasal uygulamalarda
kullanilabilecek aktif katalitik bolgelere sahip oldugunu gostermistir. Bunun yani sira bugiine kadar,
elektrokimyasal NRR performansini artirmak ic¢in kristal diizlem miihendisligi, parg¢acik boyutu
ve/veya morfolojik olarak kontrol edilebilir sentez, kusur olusturma ve heteroatom dopingi dahil
olmak iizere cesitli stratejiler olusturulmustur [2]. Bu calismada farkli boyutlara sahip WS>
katalizorlerin elektrokimyasal NRR reaksiyonlarinda performanslar1 ve elektrolit etkisi (Na2SOs,
LizSOs ve KoSO4) arastirtlmistir.  Ticari olarak temin edilen katalizérlerin  morfolojik
karakterizasyonu TEM analizi ile yapilmis ayrica elektrokimyasal performanslarit dogrusal taramali
voltametri (LSV) ve kronoamperometri (CA) testleriyle anlagilmistir. Elde edilen NH3 miktar1 ise
standart bir kalibrasyon grafigi iizerinden spektrofotometrik olarak indofenol mavisi yontemi ile tayin
edilmistir. Elde edilen bulgular nanoboyutlu WS, katalizorlerin, mikroboyutlulara kiyasla daha
yliksek NHj3 tiretim performans: sergiledigini ve elektrolit performansinin da Li2SO4 > Ko2SO4 >
Na>S04 seklinde oldugunu gdstermistir.

Keywords: Amonyak, elektrokataliz, gecis metali dikalkojentiler, elektrolit.
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Abstract

The viability of a green hydrogen economy in Algeria depends on successfully exploiting its green
energy production, water availability, and its potential to convert to hydrogen. Identifying optimal
production sites should encompass the entire hydrogen value chain, while considering all elements
influencing the levelized cost of hydrogen (LCOH). This comprehensive approach can ensure the
sustainable development of a hydrogen economy in Algeria, while providing insight into potential
synergies between the actors involved. This would improve the efficiency of the value chain and
potentially reduce the LCOH.

Stable production of green hydrogen requires a constant supply of sustainable energy. Fortunately,
Algeria has abundant solar and wind resources suitable for large-scale green hydrogen production.
The strategic approach of harnessing both solar and wind sources offers significant benefits. This
synergy enhances the stability of sustainable energy supply by mitigating the production fluctuations
inherent in variable renewable resources. [1]

This article has been developed to document and deepen knowledge on green hydrogen (GH2) from

existing research and policy documents. The demonstrated knowledge is expected to contribute to a
better understanding of the factors relevant to the optimal location of GH2 production facilities.

The second objective is to use the knowledge developed under the first objective to identify optimal
locations and regions for GH2 production using wind and solar energy. This includes the process and
methodology used to leverage geographic information systems (GIS) to identify optimal locations for
Algeria's GH2 production facilities. The document details the factors incorporated into the evaluation
process, fully explaining the logic behind the importance or weighting assigned to each factor. The
analysis results are discussed, and relevant questions to improve the process in future evaluations are
presented.

As part of this study, three green hydrogen production scenarios are established:
e Scenario 1: Large-scale pilot sites with an electrolyser capacity of 20 to 50 MW,
e Scenario 2: Industrial sites with an electrolyzer capacity of 200 to 400 MW,
e Scenario 3: Giga-sites with an electrolyzer capacity of 2 GW.

For each of the three GH2 production scenarios, typical configurations including electrolyzers, wind,
and solar energy were established. The analysis starts with a 1 MW electrolyzer as a reference. Using
current technological data, the potential production of hydrogen is calculated based on different
capacity factors (CFs).

Keywords: Green Hydrogen (GH2), Hydrogen Economy in Algeria, Optimal Production Sites, Solar
Energy in Algeria, Wind Energy in Algeria, Geographic Information Systems (GIS), Site Selection
Methodology.
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TOWARDS ENERGY SUSTAINABILITY IN ALGERIA: OPTIMIZING HYBRID
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Abstract:

Algeria, which has immense potential for renewable energy thanks to its solar, wind and geothermal
resources, now faces major challenges in successfully transitioning to renewable energy. This work
proposes an approach to optimizing hybrid energy systems, combining local renewable sources and
smart technologies, in order to accelerate this transition while meeting the country's growing energy
needs in a sustainable manner.

The study focuses on modelling hybrid systems adapted to Algeria’s specific conditions, particularly
the Saharan areas rich in solar radiation and the coastal regions suitable for wind power. Smart
technologies, such as artificial intelligence and 10T systems, will be used to optimize energy flow
management, anticipate the variability of renewable resources and improve the efficiency of storage
infrastructure. In addition, an in-depth socio-economic analysis will be carried out, highlighting the
advantages of decentralized models for rural and isolated areas, where access to energy remains
limited.

The aim is to demonstrate that the integration of these hybrid systems can not only reduce greenhouse
gas emissions, but also create significant local jobs and reduce the country's dependence on fossil
fuels. This approach represents a unique opportunity for Algeria to capitalize on its abundant natural
resources while pursuing a sustainable and inclusive development strategy.

Keywords: Hybrid energy systems, Renewable energies in Algeria, Energy optimization, Smart
technologies, Energy transition, Sustainable development, Decentralized management.
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ABSTRACT

Biochar was prepared from waste sugarcane bagasse using an oxygen-limited pyrolysis route to
obtain a safe and effective adsorbent. The raw material was first rinsed thoroughly and air-dried to
remove surface impurities and residual moisture. It was then subjected to a preliminary heat treatment
at 200 °C for one hour to drive off volatile compounds, followed by carbonization at 500 °C for three
hours under anaerobic conditions to promote pore formation and structural stabilization. The resulting
carbonaceous product was investigated by X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), energy-dispersive X-ray analysis (EDX),
and Brunauer—Emmett-Teller (BET) surface area measurements. Characterization indicated that the
biochar is an amorphous material and exhibits a combined micro- and mesoporous network with a
very high specific surface area (SBET = 553 m? g™'), properties that are favorable for adsorption and
surface interaction. To demonstrate its applicability, the bagasse-derived biochar was incorporated
into a toothpaste formulation as a natural cleaning and adsorbing agent. Standard safety evaluations
of the prepared toothpaste confirmed that the product met all required quality criteria, highlighting
the potential of this biochar both as a functional additive and as a sustainable pathway for valorizing
agricultural residues.

Keywords: Sugarcane bagasse; Biochar; Pyrolysis; High surface area; Toothpaste additive; Natural
adsorbent; Sustainable materials.
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EMISSIONS FROM ROAD TRANSPORT
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Summary

Diesel fuel has traditionally been regarded as one of the most efficient fuels for transportation;
however, it is associated with significant environmental pollution, which poses considerable risks to
human health and the environment. As a result, ongoing efforts are being made to identify alternatives
that can replace diesel fuel and reduce its characteristic emission levels. One such alternative is
synthetic diesel, which is currently gaining attention. It is produced from gas or other renewable
sources, and its production process generates fewer pollutants. Due to its compatibility with existing
diesel infrastructure, synthetic diesel is considered a viable substitute, requiring only minor
modifications. This article presents an experimental study comparing conventional diesel with
synthetic fuel, specifically, Hydrotreated Vegetable Oil (HVO). The study involves measurements of
fuel consumption, exhaust gas emissions, and engine power output. The results indicate that the
change in fuel consumption when using synthetic diesel is minimal, while engine power decreases by
up to 2%.

Keywords: diesel; renewable diesel (HVO), emission characteristics
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Abstract

This paper describes a performance-optimized double-gate tunnel field-effect transistor (DGTFET)
for biosensing purposes through heterostructure engineering and gate dielectric design. A material-
engineered DGTFET device is proposed with a low-bandgap GaSb source, Alo.47Gao.s3As channel
and GaAs drain, and an N*-doped pocket region close to the source- channel junction to enhance
tunneling efficiency. The research assesses major performance analysis such as subthreshold swing
(SS), ON current (ION), OFF current (IOFF), and ION/IOFF ratio, in different 111-VV compound
semiconductors and different dielectric stacks such as SiO2, Al.Os and HfO.. Simulation outcomes
with SILVACO ATLAS show that the fabricated structure has an ultra-low SS of 9.6 mV/dec, ION of
3.5x10°7 A, IOFF of 8.8x107'* A, and a remarkable ION/IOFF ratio of 4x10'3, which proves it fit for
ultra-low power and high- sensitivity applications.
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Abstract

In this study, we designed and analyzed novel non-fullerene electron acceptors based on quinoxaline
derivatives (R, M1-M5) for organic photovoltaic cells. Using density functional theory (DFT) and
time-dependent density functional theory (TD-DFT), we investigated the main electronic and optical
properties, including frontier molecular orbitals (FMOs), density of states (DOS), molecular
electrostatic potential (MEP), global reactivity descriptors, dipole moment, charge mobility, and
optical characteristics. Our results reveal that the engineered compounds exhibit a small band gap,
favorable optical properties, and efficient charge mobility. Furthermore, when paired with PTB7-Th
as an electron donor, these molecules demonstrate strong charge conduction and effective electron
transfer. These promising findings suggest that experimental validation of these molecules could lead
to improved performance in non- fullerene organic photovoltaic cells.

Keywords: Non-fullerene acceptors, quinoxaline derivatives, organic photovoltaics cells, density
functional theory (DFT).
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ABSTRACT

The increasing integration of renewable energy sources, such as solar and wind, presents significant
challenges for power system operation, particularly regarding voltage stability and reliability. To
address these issues, Flexible AC Transmission System (FACTS) devices, especially Static VAR
Compensators (SVCs), are crucial for enhancing reactive power support and maintaining voltage
levels. However, their effectiveness greatly depends on optimal placement and sizing within the
network.

This study employs the Spider Wasp Optimization (SWO) algorithm on the IEEE 30-bus test system
with renewable energy sources to determine the ideal location and capacity of SVC devices. The
optimization targets two main objectives: minimizing total generation costs and reducing active
power losses, essential for maximizing economic and technical efficiency. The performance of the
SWO algorithm is benchmarked against established metaheuristics like Particle Swarm Optimization
(PSO) and Ant Lion Optimizer (ALO). Results show that SWO outperforms these methods in solution
quality, convergence speed, and robustness, consistently achieving optimal control variables without
violating system constraints.

These outcomes underscore the SWO algorithm's potential as a powerful tool for optimizing energy
systems amidst the challenges of renewable energy integration and FACTS device placement.

Keywords: Spider Wasp Optimization (SWO), Static VAR Compensators (SVCs), renewableenergy
sources, IEEE 30-bus test system.
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ABSTRACT

In this study, we introduced a Spider Wasp Optimization (SWO) algorithm designed to solve the
Optimal Power Flow (OPF) problem on the IEEE 30-bus test system while incorporating renewable
energy sources.

The algorithm was applied to a variety of single-objective functions, including minimizing fuel costs
while accounting for valve-point effects (VPE) without incorporating renewable energy, reducing
total active power losses, minimizing overall generation costs while accounting for all power
generation sources, and lowering total generation costs while including a carbon price. The proposed
SWO method demonstrated its ability to provide high-quality solutions to OPF problems involving
stochastic energy sources.

To validate its effectiveness, we conducted a comprehensive comparison between the results obtained
using the SWO algorithm and those produced by alternative optimization approaches found in the
literature.

Keywords: Spider Wasp Optimization (SWO), Optimal Power Flow, renewable energy sources,
IEEE 30- bus test system.
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ABSTRACT

Effective geotechnical monitoring is critical during the final stages of nuclear power plant (NPP)
construction to ensure long-term structural integrity and environmental safety. At the Akkuyu NPP
site in Tirkiye, significant challenges arise due to the destruction or inaccessibility of initial
monitoring wells during earlier construction phases. This study proposes a comprehensive, integrated
geotechnical monitoring framework tailored to the unique geological and operational conditions at
the site. In addition, drawing on the Bushehr-1 NPP experience in Iran, this study summarizes
strategies for well protection, use of large diameter wells, multiple aquifer monitoring and mitigation
against surface and groundwater seepage. The results advocate for early implementation of
comprehensive monitoring systems to create reliable hydrogeological and geodynamic models,
forming a transferable framework for future sites like the planned Sinop NPP.

Keywords: Geotechnical monitoring, Well, Nuclear power plant, Mersin

Introduction

Nuclear energy is released from an atomic nucleus, which consists of neutrons and protons. There are
two methods for producing nuclear energy: nuclear fission or nuclear fusion. The nuclear energy used
today to generate electricity is produced through nuclear fission. A heavy atom's nucleus splits into
two or more smaller nuclei during nuclear fission, releasing heat in the process. This heat energy turns
water into steam and then electricity in a nuclear reactor, just as heat from fossil fuels like gas, oil
and coal is converted to generate electricity. Therefore, energy in a nuclear reactor is generated by
initiating and controlling a sustained nuclear chain reaction. The electrical energy generated in this
way is a very low-carbon generation method (Mathew, 2022).

The “Agreement on Cooperation between the Government of the Republic of Tiirkiye and the
Government of the Russian Federation on the Establishment and Operation of a Nuclear Power Plant
(NPP) at the Akkuyu Field in the Republic of Tiirkiye” was signed on May 12, 2010 for the Mersin
Akkuyu Nuclear Power Plant. The agreement calls for the installation of four VVER 1200 type
reactors at Mersin Akkuyu Field, totaling 4800 MW of installed capacity. Once operational, the
Akkuyu nuclear power plant will produce approximately 35 billion kWh of electricity annually (URL-
1, 2025). The first unit of the Akkuyu power plant is expected to produce electricity at the beginning
of 2026. An image of the Akkuyu Nuclear Power Plant construction is shown in Figure 1 (URL-1,
2025).
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Figure 1. An image of the Akkuyu Nuclear Power Plant construction

Geotechnical monitoring is a detailed examination of subsurface conditions at a construction site to
ensure safe and efficient structural design and includes comprehensive evaluation of soil, rock and
groundwater properties. It is seen in the literature that many studies have been carried out on
geotechnical monitoring at nuclear power plant sites around the world (Al Rashdi et al, 2021;
Aptikaeva and Aptikaev, 2019; Dizman et al., 2023; Iban and Sahin, 2022; Petisco-Ferrero et al.,
2023; Sedin and Ulyanov, 2019; Sedin et al, 2025; Ulyanov et al., 2025; Zaykin and Ryasny, 2025).
In addition, modeling and some predictions are being made regarding geotechnical monitoring of
nuclear power plants (Bilgi¢ and Giindiiz, 2020; Lyubarskiy et al., 2023).

Drawing on previous nuclear power plant installation experiences, this study discusses how to
implement more appropriate and sustainable geotechnical monitoring, particularly for the Akkuyu
Nuclear Power Plant. In this context, well protection, the use of large-diameter wells, multi-aquifer
monitoring, and mitigation strategies against surface and groundwater leakage for nuclear power
plants are discussed. The results will serve as a guide for future sites such as the Sinop Nuclear Power
Plant, which will be Tiirkiye's second nuclear power plant.

Materials and Methods

In the last few years, the nuclear energy sector has evolved significantly to meet the growing demand
for affordable and sustainable energy worldwide. Studies are ongoing to make nuclear power plants
safer and longer-lasting, and standards are being established for this purpose. In this context, one of
the first steps to ensure the safety of nuclear power plants is the establishment of a monitoring system
equipped with reliable and durable sensors. Today, geotechnical monitoring, particularly at nuclear
power plant construction sites, is performed using sensitive equipment. Some of these devices are
listed in Table 1.
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Table 1. Some geotechnical monitoring devices
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Type of device Principle Location Measured Aim
Parameter
Global  positioning Aiming by satellite  Site Topography of the  Site evaluation
system (GPS) site
Piezometers Hydraulic pressure Bore holes Pore pressure, Monitoring of water
water table table
Settlement Topographic aiming  Ground surface Displacements, Settlement of
monuments settlements structures
Gamma graphy, Superposition of Groundsurface Deformation of Deformation of
photogrammetry picture topography structures
In situ settlement Topography Ground surface  Displacements Settlement of
plates structures
Inclinometers, Mechanic Bore-holes Verticality Stability of slopes
tiltmeters
Seismometers Accelerometers, Free field, Accelerations, Operability of plants;
triggers buildings time histories seismic behavior of
structures; floor
response spectra
Hydraulic devices Hydraulic U-tube, On basement Deformations and Behavior of the soil-

Glotzl cells

and beneath

stresses of the

basement

structure system

Findings and Discussion

The implementation of geotechnical monitoring at different periods of NPP construction differs
significantly. As experience with nuclear power plant construction shows, most exploration wells
suitable for monitoring are typically destroyed during the construction phase. Those that remain on
the periphery of the site are often unsuitable for use. New monitoring wells are usually drilled only
after construction has been completed. This valuable information, which is essential for
understanding processes and phenomena, ends up in a "temporary shadow" during the construction
phase and is often permanently lost. Based on this, during construction, all surviving engineering-
geological wells should be included in the monitoring network until their decommissioning,
especially those that fall within the boundaries of structures, roads, excavations, etc. All other wells,
including those in the vicinity of the site, should be preserved and retrofitted to protect them from
damage. Photographs showing the work on opening geotechnical monitoring wells at the Akkuyu
Nuclear Power Plant construction site are shown in Figures 1 and 2 (URL-2, 2025).
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Figure 3. Drilling well at the Akkuyu NPP site

Geotechnical monitoring at the Akkuyu NPP site during the completion of construction of the main
facilities must also be comprehensive (TAEK, 2017; TAEA, 2022). Given the characteristics of the
site, it should consist of the following blocks:

Geodetic (external and internal, including the water area and the slopes of the mountainous
frame);

Seismo-tectonic (traditional seismological stations, including additional radon stations);
Radiation (including the determination of tritium and radon in groundwater);
Hydrogeochemical (for monitoring the condition of the carbonate layer);

Thermometric (including monitoring thermal effects from operating equipment).

Proceedings Book 37



4t International Energy Days October 07, 2025

In this case, comprehensiveness means creating a unified data exchange bus between the blocks and
the coordination center. The existing chemical laboratory at the Akkuyu NPP should be capable of
processing water samples from wells and other water intake points, including determining the content
of tritium and radon (Lyubarskiy et al., 2023).

The placement of monitoring wells should take into account both the hydrogeological conditions and
the specifics of the site, as well as the operational characteristics of individual buildings and
structures, especially those that are underground Figure 4 (URL-3, 2025). It is advisable to divide
monitoring wells into different aquifers. Wells for the technogenic aquifer, which are typically
shallow, may be constructed later, when the formation of this aquifer becomes irreversible, and the
aquifer itself is proven and stable. With sufficient justification, some wells can also be located in the
water area.

Figure 4. Hydrogeological monitoring well at the Bushehr-1 NPP site

Based on the experience of completing Unit 1 at the Bushehr Nuclear Power Plant in Iran, some wells
should initially be of large diameter (up to 325 mm or more) and designed for the placement of
pumping equipment with the necessary fittings. The configuration of the wells should align with the
idea of creating so-called anti-filter curtains from the most vulnerable directions, and before drilling
large-diameter wells, this should be confirmed through trial filtration tests conducted in standard
monitoring wells or remaining geotechnical (exploratory) wells. The curtain from these wells should
be used in case of flooding of the NPP site under extremely unfavorable weather and climatic
conditions. Large-diameter monitoring wells should primarily be equipped for the technogenic
aquifer. Pumping equipment should be stored on the NPP site in the required quantity (corresponding
to the number of large-diameter wells) and maintained in constant working condition (24/7), with
necessary transport and trained personnel available (Ulyanov, 2017a, 2017b; Ulyanov, 2021; Ulyanov
and Elokhin, 2016).

After the completion of construction and the accumulation of sufficient data, the creation of
hydrogeological and, more importantly, geodynamic models of the site and the adjacent area is
entirely possible. However, it is important not to justify the lack of monitoring points by replacing
them with modeling. In the absence of a significant portion of the initial data, the results of such
modeling can be far from reality, especially in extreme situations. Underground elements of the
nuclear power plant buildings and structures, primarily the rarely visited long cable and technological
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ducts, should be additionally equipped, including for the convenience of conducting all types of
monitoring (access for inspection, instrumental observations.

Practice shows that during the pre-commissioning and commissioning periods, the main goal of
geotechnical monitoring at the nuclear power plant site is to identify leaks from technological
systems. This includes preventing the flooding of cable and technological ducts by eliminating all
technogenic leaks and leaks from pipelines of various purposes, located both within the ducts
themselves and in the soil layer above or near them. Additionally, it involves identifying pathways
for groundwater and surface water to enter the underground areas of the NPP.

Based on the experience of completing Bushehr-1 Nuclear Power Plant, to prevent distortion of
hydrogeochemical monitoring results, the infiltration of surface atmospheric and technological waters
(such as condensate from steam chambers, equipment spills, etc.) into the groundwater aquifer within
the site should be minimized. All surface waters should be diverted into storm water drains. The
territory of the Akkuyu Nuclear Power Plant should be maximally concreted and asphalted. From the
slopes of the mountains, surface runoff should be intercepted and diverted away from the site using
horizontal upper-level ditches and storm water drains. If necessary, measures should be implemented
to intercept the water and debris from mudflow streams.

Conclusion and Recommendations

The construction phases of a nuclear facility typically consist of excavation, backfill, and building
construction. Soil behavior must be monitored during each of these phases. During excavation and
backfill, deformation of the subsurface material (e.g., heave and subsidence, lateral displacements)
must be monitored and load assessments must be conducted. Monitoring must continue throughout
the life of the nuclear facility.

Geotechnical monitoring devices should be carefully selected to ensure that the monitoring system
provides the expected information throughout the facility's lifespan. Device selection should be based
on experience from monitoring other nuclear facilities. Anticipated failure rates, especially the
requirement for replacement, should be considered while deciding on the number of devices and
manual measuring sites.

The successful completion and operation of the Akkuyu NPP hinge on a robust, interdisciplinary
geotechnical monitoring system. By preserving existing wells, integrating advanced technologies,
and learning from global NPP practices, the Akkuyu project can establish a benchmark for nuclear
site monitoring. The strategies proposed not only ensure site safety but also create a transferable
blueprint for upcoming projects such as the Sinop NPP (in case the project is realized). Investing in
early-stage, comprehensive monitoring is not only a technical imperative but a long-term commitment
to environmental stewardship and nuclear safety. In addition to ensuring site security, the proposed
strategies can also form a workable plan for future projects, such as the Sinop Nuclear Power Plant.
Finally, investing in comprehensive geotechnical monitoring at an early stage is not only a technical
necessity, but also a long-term commitment to environmental management and nuclear safety.
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Ozet

Bu ¢alismada, silindirik Li-iyon pillerde, pil modiil geometrisinin batarya termal yonetimi tizerindeki
etkisi sayisal olarak incelenmistir. Sayisal c¢alisma ANSYS Fluent programi kullanilarak
gerceklestirilmis ve analizler k-¢ tiirbiilans modeli ile ¢oziilmiistiir. Calismada diiz modiil ve
dikdortgen oluklu modiil olmak tizere iki farkli pil modiil geometrisi kullanilmistir. Her modiil ii¢
kademeli sira halinde diizenlenmis toplam 15 silindirik Li-iyon pil hiicresi icermektedir. Her pil
hiicresi yiizeyinin q"=400W/m? sabit 1s1 akisinda tutuldugu varsayilmistir. Sogutucu akiskan hava
olup, hava modiile sabit bir sicaklikta (Tix=300 K) girmistir. Modiil geometrisinin pillerin ylizey
sicakligr ve modil ¢ikis sicakligi tizerindeki etkileri farkli Reynolds sayilarinda (2000<Re<8000)
analiz edilmistir. Ayrica, modiil geometrisinin batarya termal yonetimi {izerindeki etkisini
gozlemlemek i¢in ¢esitli Reynolds sayilarinda hiz ve sicaklik kontur goriintiileri sunulmustur. Pil
modiil geometrisinin pil yilizey sicakliklarin1 6nemli Sl¢iide etkiledigi sonucuna varilmistir. Ayrica,
dikdortgen-oluklu modiilde pil yiizey sicakliklarinin diiz modiile kiyasla daha diisiik oldugu
gozlenmistir. Reynolds sayisinin artmasi her iki modiilde de pil yiizey sicakliklarini diisiirerek daha
homojen bir sicaklik dagilimi saglamistir. Ayrica, Reynolds sayisinin artmast modiil ¢ikis sicakliginda
bir diisiise neden olmus ve dikdortgen-oluklu modiilde ¢ikis sicakliginin diiz modiile gore daha diisiik
oldugu bulunmustur. Bu calisma sonuglari, pil modiill geometrisinin degistirilmesinin, 6zellikle
elektrikli ve hibrit araclarda batarya termal ydnetiminde Onemli avantajlar saglayabilecegini
gostermektedir.

Anahtar kelimeler: Li-iyon batarya, Batarya modiil geometrisi, Hava sogutma, Batarya termal
yoOnetimi, Sayisal ¢calisma

INVESTIGATION OF THE EFFECT OF BATTERY HOUSING GEOMETRY ON LI-ION
BATTERY THERMAL MANAGEMENT

Abstract

This study numerically investigates the effect of battery housing geometry on battery thermal
management in for cylindrical Li-ion batteries. The numerical study was conducted using the ANSY'S
Fluent program, and the analyses were solved using the k-¢ turbulence model. Two different battery
housing geometries were used in the study: a flat module and a rectangular corrugated module. Each
module contained a total of 15 cylindrical Li-ion battery cells arranged in three staggered rows. Each
battery cell surface was assumed to be maintained at a constant heat flux of q"=400W/m?. The coolant
fluid was air, and the air entered the module at a constant temperature (Ti»=300 K). The effects of
module geometry on the surface temperature of the batteries and the module exit temperature were
analyzed at different Reynolds numbers (2000<Re<8000). Furthermore, velocity and temperature
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contour images were presented at various Reynolds numbers to observe the effect of module geometry
on battery thermal management. It was concluded that the battery housing geometry significantly
affected the battery surface temperatures. It was also observed that the battery surface temperatures
were lower in the rectangular-corrugated module compared to the flat module. Increasing the
Reynolds number decreased battery surface temperatures in both modules, resulting in a more
uniform temperature distribution. Furthermore, increasing the Reynolds number resulted in a decrease
in the module outlet temperature, and the outlet temperature was found to be lower in the rectangular-
corrugated module than in the flat module. These study results demonstrate that changing the battery
housing geometry can provide significant advantages, particularly in battery thermal management for
electric and hybrid vehicles.

Keywords: Li-ion battery, Battery housing geometry, Air-cooling, Battery thermal management,
Numerical study

1. Giris

Silindirik pil gruplarini diger pil hiicresi tiirleriyle karsilastirdigimizda, termal kontroliin daha zor
oldugu goriilir (Gungor vd., 2023). Ozellikle yiiksek akim gerektiren uygulamalar, Li-iyon
bataryalarda (LIB) biiyiik miktarda 1s1 iretilebilir (Behi vd., 2021). Bir batarya paketi icerisindeki
homojen olmayan sicaklik dagilimi, modiillerin yerlesiminden, dis etkenlerden ve kullanilan 1sitma
ve sogutma sisteminin tilirlinden kaynaklanabilir. Homojen olmayan sicaklik dagilimina sahip bir pil
paketi, hem pillerin hem de aracin performansini diisiirecek elektriksel olarak dengesiz modiillere
sahip olabilir. Ornegin, Li-iyon piller, 25 ila 40 °C arasindaki sicakliklarda en iyi performansi gosterir.
Bu sicakliklarda, performans ve 0miir arasinda bir denge kurarlar. Hiicreler arasinda 5 °C'den diistik
bir sicaklik dagilimi tercih edilir (Pesaran, 2002). Sarj ve desarj sirasinda, LIB'ler 1s1 iiretir, bu da
pilin sicakligini artirir ve pil takiminin iginde sicaklik diizensizlikleri olusturarak pil 6émriinii kisaltir
(Chaudhari vd., 2024). Sonug olarak, pil performansini artirmak i¢in pil takiminin sicakligin1 uygun
bir calisma araliginda kontrol etmek amaciyla bir batarya termal yonetim sistemleri kullanilmalidir
(Zhang vd., 2023). Literatiirde hava sogutma (Li vd., 2025) ve siv1 sogutma (Tong vd., 2025) gibi
cesitli termal yonetim stratejileri kullanilmistir. Hava sogutma sistemleri, diisiik gii¢c yogunluklu pil
paketlerinde yaygin olarak tercih edilir. Daha biiyiik 6zgiil 1s1 kapasiteleri ve termal iletkenlikleri
sayesinde sivi sogutma sistemleri, yiiksek gii¢ yogunluklu uygulamalarda daha iyi performans
gosterir. S1vi sogutma sistemleri, sogutucu sirkiilasyonu yoluyla piller tarafindan tiretilen 1s1y1 hizla
dagitarak sicaklik homojenligini 6nemli 6l¢iide artirabilir. Bununla birlikte, s1vi sogutmanin yiiksek
sistem karmagikligi, olas1 korozyon ve sizint1 tehlikeleri ve nispeten yiiksek bakim masraflar gibi
birka¢ dezavantaji1 vardir (Liu vd., 2025).

Xie vd. (2024) farkli biiyiikliikteki batarya modiillerinin silindirik hiicreli bir batarya sisteminin
termal yonetim performansi tizerine etkilerini aragtirmiglardir. Sonuglar, modiil boyutunun artmasinin
batarya termal yonetimi i¢in 1s1 dagilim performansina, 6zellikle homojen sicaklik dagilimi agisindan
olumsuz etki gosterdigini belirlemistir. Aldawi (2025), yaptig1 calismada, farkli geometrilere (diiz,
dalgali ve zikzak) sahip mini kanal soguk plakalar: iizerinde siiperhidrofobik yiizeyler kullanan pil
sogutma sistemlerinin termal performansini incelemislerdir. Calisma sonucunda, kanal tasariminin
tepe hiicre sicakligini 6nemli l¢iide etkiledigini gostermistir. Wang vd. (2025), daldirma s1vi sogutma
sistemi ile yapilan sogutma isleminde performans artis1 saglamak icin, pil termal yonetiminde kare,
diizgiin altigen ve dairesel yapili yan duvarlar kullanmislardir. Sayisal olarak yaptig1 ¢alismada Timax
(1,28 °C) ve AT (0,88 °C) en biiyiik diisiisler kare yapili duvar sisteminde elde etmistir. Modiil
geometrisindeki degisimlerin batarya termal yonetimini 6nemli dl¢iide etkiledigini ortaya koymustur.

Literatiir ¢aligmalar1 inecelendiginde, bataryalarin termal yonetiminde batarya modiil geometrisinin
etkisini arastiran ¢aligmalarin oldukca az oldugu anlasilmaktadir ve bu konuda yeni ¢aligmalara
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ihtiya¢c duyulmaktadir. Bu nedenle bu c¢alisma, iki farkli modiil geometrisinin (diiz modiil ve
dikdortgen oluklu modiil) batarya termal yonetimine etkisi 2000<Re<8000 araligindaki Reynolds
sayilar1 (Re) i¢in sayisal olarak aragtirilmistir.

2. Malzeme ve Metotlar

2.1 Sayisal Geometri
Sayisal calismada, ¢ap1 d=18 mm ve uzunlugu 65 mm olan silindirik LIB hiicreleri dikkate alinmistir.
Sekil 1'de gosterildigi gibi, diiz ve dikdortgen oluklu geometriden olusan iki farkli modiil igererisine
15 adet batarya hiicresi kademeli olarak yerlestirilmistir. Modiile akigkan H=20 mm ve L=20 mm
oOlgiilerindeki bir kanaldan giris ve ¢ikis saglamaktadir. Diger geometrik O6zellikler Tablo 1'de
verilmistir.

(a) (b)

b
4

=0 olelolon! 0O |
5 T BE 0000 +
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Sekil 1. Sayisal model, a) diiz modiil, b) dikdortgen oluklu modiil

Bataryalarin sogutulmasinda akigkan olarak hava kullanilmistir. Akiskan hiz1 farkli Reynolds sayilari
(2000<Re<8000) i¢cin hesaplanmistir. Sogutucu akigskan Ti»=300 K sicakliginda modiile girmektedir.
Havanin termofiziksel 6zellikleri Tablo 2’de verilmistir.

Tablo 1. Geometrik parametreler

Sembol a b c d e H | t L
Deger (mm) 25 15 5 18 7 20 20 5 165
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Tablo 2. Sogutucunun termofiziksel 6zellikleri (300K)

Akaskan Ozgill 151, C | Termal iletkenlik, k | Yogunluk, p | Viskozite,
i (J/kgK) (W/mK) (kg/m’) 4 (kg/ms)
Hava 1006.43 0.0242 1.225 1.7894e-5

2.2 Korunum Denklemleri
Calismada sogutma akiskanin sikistirilamaz, tek fazli ve Newton tipi oldugu varsayilmistir.
Coziimlerde 1s1l radyasyon ve yer¢ekimi etkileri ihmal edilmistir. Viskoz model olarak standart k-¢
tirbiilans modeli kullanilmistir. Coziimler stirekli kosullar altinda gergeklestirilmistir. Bu
varsayimlara gore, korunum denklemleri asagidaki Esitlikler (1)-(3) ile verilmistir:

0

(@) =0 @
% (o) + o () = = 22+ o |t 1) (B2 + 22)| - g @
% (peT) + 2 (o) = ai |+ ()] ©

Tiirbiilans modeline ait denklemler Esitlik 4 ve 5 ile verilmistir:

% (010 + o= (o) = o | (u+ 22) 25| + G - pe @

Ox;

9 2 (peii) = 2 Hr) 92 EG —Crpe
% (p) + o (pe) = o | (1 + 1) 22| + €10 26— Coen S (5)
Reynolds sayist, Esitlik 6 ile hesaplanmistir:

pUDp
u

Re = (6)

Burada p sogutucu akiskanin yogunlugunu, U ortalama akigkan hizini, p akiskanin viskozitesini ve
Dn hidrolik capini temsil eder.

2.3 Sayisal Yontem ve Simir Sartlar
Sayisal modelin iki boyutlu geometrisi ve hiicrelere ayrilmasi1 Gambit yazilimi ile gergeklestirilmistir.
(6ziim alaninda yapilandirilmamis tiggen elemanlar kullanilmigtir. Cézlimlerin eleman sayisindan
bagimsizligini belirlemek i¢in mesh bagimsizlik testi uygulanmis ve diiz ve dikdortgen oluklu modiil
icin strastyla 109802 ve 99832 eleman sayilarinin ¢oziimler i¢in yeterli oldugu goriilmiistiir.
Iterasyonlar ANSYS Fluent programi kullanilarak  ¢dziilmiistii. Tasmim  terimlerinin
ayriklastirilmasinda ikinci dereceden ileri fark semasi kullanilmistir. Basing ve hiz bagintisi igin
SIMPLE vyaklasimi secilmistir. Coziimler siirekli kosullar altinda gerceklestirilmistir. Yakinsama
kriteri olarak enerji denklemlerinde 10®, diger denklemlerde ise 10™* kullanilmistir. Calismada,
akiskan kanala sabit hiz ve sicaklikta (Ti»=300K) girmektedir. Kanal ¢ikisinda basing ¢ikis sinir

Proceedings Book 45



4t International Energy Days October 07, 2025

kosulu kullanilmistir. Her bir batarya hiicresinin dis yiizeyinin sabit bir 1s1 akisinda (q"=400W/m?)
korundugu varsayilmistir. Batarya modiiliine ait duvarlar adyabatik 6zelliktedir. Tiim yiizeyler i¢in
kaymaz sinir sart1 tanimlanmaistir.

3. Bulgular ve Tartisma

Sayisal calismada elde edilen sonuglar, Hasan vd. (2023), tarafindan gerceklestirilen sayisal sonuglarla
karsilastirilmis ve her iki sonug arasindaki uyum Sekil 2'de sunulmustur. Béylece bu ¢alismadaki ¢6ziimlerin
dogrulugu saglanmigtir.

Bu béliimde, coklu bataryalar iceren modiiliin geometrisinin batarya termal yonetimine etkisini gozlemlemek
icin farkli Reynolds sayilarinda hiz ve sicaklik goriintiileri paylasilmistir.
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Sekil 2. Sayisal ¢alismanin dogrulanmasi

Sekil 3’te diiz modiil i¢gin Re=2000 ve Re=8000 i¢in (a) hiz konturlar1 ve (b) sicaklik konturlar
sunulmustur. Reynolds sayisinin hiz ve sicaklik goriintiilerini etkiledigi acgik¢a goriilmektedir.
Re=2000’de akiskan dort farkli kola ayrilarak her bir siradaki batarya hiicrelerinin iizerinden
akmaktadir. Daha sonra akisin modiil ¢ikisina yakin birlestigi ve modiilii terkettigi goriilmektedir.
Re=8000 de akigskanin hizinin artmasi ile modiil i¢inde atalet ve tiirbiilans etkileri artmaktadir. Bu
durum akista salimimlar olusturarak akiskanin bataryalar arasina daha iyi niifuz etmesine neden
olmaktadir (Sekil 3a). Sekil 3b’de ise Reynolds sayisinin artmasi ile bataryalarin yiizey sicakliklarinin
diistiigli g6zlenmektedir. Re=2000’de modiil i¢inde en yiiksek sicaklik degeri 355 K iken Re=8000’de
317 K degerine diistligii tespit edilmistir. Her iki Reynolds sayisinda da, ¢ikisa yakin hiicrelerin ylizey
sicakliklarmin girise yakin hiicrelerden daha yiiksek oldugu goriilmektedir. Ancak Re=8000 de
sicaklik gradyan1 Re=2000’e gore oldukga diistliktiir ve daha homojen bir sicaklik dagilimi dikkat
cekmektedir.
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Sekil 3.

Sekil 4. Dikdortgen oluklu modiil i¢in farkli Reynolds sayilarinda (a) Hiz konturlari, (b) Sicaklik

konturlar1
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Sekil 4°te dikdortgen oluklu modiil icin Re=2000 ve Re=8000 i¢in (a) hiz konturlar1 ve (b) sicaklik
konturlar1 sunulmustur. Dikdortgen oluklu modiilde Reynolds sayisi, hiz ve sicaklik goriintiilerini
etkilemektedir. Oluklu modiil duvarlar1 akiskan1 batarya hiicrelerinin aralarina yonlendirmekte ve
akista bir salinim etkisi olusturmaktadir. Bu durum akiskanin bataryalarin etrafini daha iyi sarmasina
neden olmaktadir. Re=8000’de bataryalar daha fazla soguk akigkan ile temas ederek bataryalar
arasindaki durgun akigskan bolgelerini azaltmaktadir (Sekil 4a). Sekil 4b’de artan Reynolds sayisi ile
bataryalarin ylizey sicakliklarinin azaldigi gézlenmektedir. Re=2000’de modiil i¢inde en yiiksek
sicaklik degeri 342 K iken Re=8000’de 315 K degerine diistiigii tespit edilmistir. Diiz ve dikdortgen
oluklu modiill geometrisi karsilastirildiginda, dikdortgen oluklu modiilde bataryalarin ylizey
sicakliklarmin oldukga diisiik oldugu ve modiilde daha homojen bir sicaklik dagilimi elde edildigi
goriilmektedir.

Sekil 5’te diiz modiil i¢in farkli Reynolds sayilarinda batarya hiicrelerinin yiizey sicakliklari
goriilmektedir. Reynolds sayisindaki artigla hiicrelerin yiizey sicakliklarinda 6nemli oranda diisiisler
meydana gelmistir. Ozellikle Re=2000’den Re=4000’e yiikseldiginde sicaklikta biiyiik bir diisiis
gbzlemlenmektedir. Sogutucu havanin giris kismima yakin olan 1,6,11 ve 12 numarali hiicrelerin
ylizey sicakliklarinin girise uzak olan diger hiicrelere oranla olduke¢a diisiik oldugu goriilmektedir.
Reynolds sayisinin artmasiyla birlikte aradaki bu ylizey sicaklik farklarinin azaldigi tespit edilmistir.
Reynolds sayisinin artmasi, modiiliin giris kismindan uzakta olan hiicreleri sogutmada etkili bir
yontem oldugu sonucuna varilmistir. En diislik hiicre yiizey sicakligr 305,11 K olarak 6 numarali
hiicrede Re=8000’de elde edilmistir ve ayn1 hiicredeki en yliksek sicaklik degeri Re=2000’de 312,65
K olarak belirlenmistir. Re=8000 i¢in hiicreler arasindaki en yiiksek ve en diisiik yiizey sicaklik farki
At=3,87 K olarak bulunmustur.
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Sekil 5. Diiz modiil i¢in farkli Reynolds sayilarinda batarya hiicrelerinin yiizey sicakliklar
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Sekil 6. Dikdortgen oluklu modiil i¢cin farkli Reynolds sayilarinda batarya hiicrelerinin yiizey
sicakliklar

Sekil 6°da dikdortgen oluklu modiilde farkli Reynolds sayilari igin tiim hiicrelerin yiizey sicakliklar
gorlilmektedir. Reynolds sayisindaki artis ile bu modiilde de hiicrelerin yiizey sicaklilarinda 6nemli
diisiisler meydana gelmistir. Diiz modiil ile kiyaslandiginda, Re=2000’de dikdoértgen oluklu
modiildeki (6zellikle modiil girisine uzak bolgedeki) hiicrelerin yiizey sicakliklarinin daha diistik
oldugu gozlenmistir. Bu durum, diisiik Reynolds sayisinda bile oluklu modiiliin daha etkili bir
sogutma performans: sagladigini gostermektedir. Dikdortgen oluklu modiilde yapilan sogutma
isleminde, girise uzak bolgelerdeki hiicrelerin yiizey sicakliklarinin daha diisiik olmas1 énemlidir
clinkii sogutma acisindan en 6nemli noktalardan biri girise uzak bolgedeki pillerin etkili bir sekilde
sogutulmasidir. Sonug olarak, oluklu modiil i¢in en diisiik hiicre yiizey sicakligi degeri 12 numarali
hiicrede ve Re=8000 degerinde 305,13 K olarak elde edilmistir. Re=8000 i¢in hiicreler arasindaki en
yiiksek ve en diislik yiizey sicaklik farki AT=3,10 K olarak bulunmustur. Dikddrtgen oluklu
modiildeki hiicreler arasindaki maksimum yiizey sicaklik farkinin diisiik olmasi, bu modiilde daha
homojen bir sogutma perfomansinin oldugunu ortaya koymaktadir.
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Sekil 7. Her iki modiil i¢in farklt Reynolds sayilarinda batarya ylizey sicakliklarinin karsilastirmasi
(a) Re=2000, (b) Re=4000, (c) Re=6000, (d) Re=8000

Sekil 7a-d’de farkli Reynolds sayilari i¢in diiz ve dikdortgen oluklu modiillerdeki her bir hiicrenin
ortalama yiizey sicakliklari karsilastirmali olarak gosterilmistir. Reynolds sayisinin artmasi her modiil
icin hiicre yiizey sicakliklarini azaltmis ve genel olarak dikdortgen oluklu modiilde daha diisiik hiicre
yiizey sicaklik degerleri elde edilmistir. Reynolds sayisinin artmasiyla modiillerin arasindaki farkin
azaldipy goze carpmaktadir. Ozellikle Re=2000’de iki modiil arasindaki batarya termal ydnetim
performansi farki gozlemlenebilmektedir. Sonug olarak, dikdortgen oluklu modiilde batarya sogutma
performansinin daha iyi oldugu sdylenebilir.
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Sekil 8. Her iki modiil i¢in Reynolds sayist ile (a) bataryalarin ortalama yiizey sicakliklari, (b) modiil
cikis sicaklig
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Sekil 8a-b’de her iki modiil i¢in sirasiyla bataryalarin ortalama ylizey sicakliklar1 ve modil ¢ikis
sicakliklart gosterilmistir. Sekil 8a’da her iki modiil icinde Reynolds sayisindaki artigin bataryalarin
ortalama ylizey sicakliklarini azalttig1 ve sicaklik degerlerin biitiin Reynolds sayilar1 i¢in dikdortgen
oluklu modiilde daha diisiik oldugu goriilmektedir. Ortalama en diisiik yiizey sicaklik degeri 306,72
K olarak dikdortgen oluklu modiilde ve Reynolds sayisi 8000°de bulunmustur. Sekil 8b
incelendiginde, benzer sekilde, Reynolds sayisindaki artig ile sogutucu havanin modiil ¢ikis
sicakliklart azalmis ve bu degerler dikdortgen oluklu modiilde daha diisiik olmustur. En diisiik ¢ikis
sicaklik degeri 302,30 K olarak belirlenmistir.

4. Sonuclar ve Oneriler

Bu caligma, silindirik Li-iyon bataryalar1 iceren modiiliin geometrisinin batarya termal yonetimi
iizerindeki etkisini sayisal olarak incelemistir. Calismada diiz modiil ve dikddrtgen oluklu modiil
olmak iizere iki farkli batarya modiil geometrisi kullanilmistir. Modiil geometrisinin pillerin yiizey
sicakligr ve modiil ¢ikis sicakligr tizerindeki etkileri farkli Reynolds sayilarinda (2000<Re<8000)
analiz edilmistir. Dikdortgen-oluklu modiilde batarya hiicrelerinin yiizey sicakliklarinin diiz modiile
gore daha diisiik oldugu tespit edilmistir. Reynolds sayisinin artmasi ile her iki modiilde de
bataryalarin ylizey sicakliklar1 azalmis ve daha homojen bir sicaklik dagilimi saglamistir. Ayrica,
Reynolds sayisinin artmasi modiil ¢ikis sicakliginda bir diisiise neden olmus ve dikddrtgen-oluklu
modiilde ¢ikis sicakliginin diiz modiile gére daha diisiik oldugu bulunmustur. Bu ¢alisma sonuglari,
oluklu batarya modiil geometrisinin batarya termal yonetiminde 6nemli avantajlar saglayabilecegini
ve uygun akis sartlarinda homojen bir sicaklik dagilimi elde edilebilecegini gostermektedir.
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Ozet

Bu calismada, dikdortgen oluklu bir modiil igerisinde yer alan birden fazla bataryanin termal yonetimi
iizerinde nanoakiskanlarin etkisi sayisal olarak analiz edilmistir. Sayisal ¢alisma, ANSYS Fluent
programi kullanilarak laminer kararli akis kosullari altinda gerceklestirilmistir. Calismada, diiz modiil
ve dikdortgen oluklu modiil olmak {izere iki farkli modiil geometrisi kullanilmistir. Her bir modiile,
kademeli bir diizende toplam 15 adet silindirik Li-iyon batarya hiicresi yerlestirilmistir. Batarya
hiicrelerinin yiizeyleri, q" = 400W/m? sabit 1s1 akisinda tutulmustur. Calisma akiskani olarak su
icerisinde Al>O3 nanopartikiillerin stispansiyonu kullanilmistir. Nanopartikiil hacim orani, ¢ = %3
sabit tutulmustur. Modiile akiskan giris sicakligt Tin = 300 K'dir. Calismada, batarya hiicrelerinin
ylizey sicakligt ve modiilden akiskan ¢ikis sicakligi, 10<Re<150 aralifinda diisik Reynolds
sayilarinda analiz edilmistir. Ayrica, ¢oziimler, temel akiskan i¢in diiz modiil ve oluklu modiildeki
bataryalarin termal yonetimiyle karsilastirilmistir. Modiil geometrisi ve nanoakiskanin batarya termal
yonetimi tiizerindeki etkilerini gdzlemlemek igin farklt Reynolds sayilarinda hiz ve sicaklik
gortintiileri paylasilmistir. Calisma sonuglari, batarya modiil geometrisinin ve Reynolds sayisinin,
batarya yiizey sicakliklarin1 6nemli Olgiide etkiledigini gostermistir. Dikdortgen oluklu modiilde
batarya yiizey sicakliklarinin diiz modiile kiyasla daha diisiik oldugu belirlenmistir. Oluklu modiilde
nanoakiskan kullanimi, batarya yiizey sicakliklarini diigiirmiis ve yliksek Reynolds sayilarinda (Re =
150) modiil iginde homojen bir sicaklik dagilimi saglamistir. Reynolds sayisinin artmasi, modiil ¢ikis
sicakliginda bir diislise neden olmus ve ¢ikis sicakliginin dikddrtgen oluklu modiilde diiz modiile gore
daha diisiik oldugu tespit edilmistir. Re = 150°de, oluklu modiiliin ¢ikis sicakli§i nanoakiskan ve temel
akiskan i¢in benzer bulunmustur. Bu calismanin sonuglari, oluklu modiill geometrisinin ve
nanoakiskan kullaniminin, 6zellikle elektrikli araglarin batarya termal yonetiminde 6nemli avantajlar
saglayacagini gostermektedir.

Anahtar Kelimeler: Batarya termal yonetimi, Oluklu modiil, Li-iyon batarya, Nanoakiskanlar,
Sayisal ¢alisma

NUMERICAL ANALYSIS OF THE EFFECT OF NANOFLUIDS ON THE BATTERY
THERMAL MANAGEMENT IN A CORRUGATED MODULE

Abstract

This study numerically analyzes the effect of nanofluids on the thermal management of multiple
batteries housed in a rectangular corrugated module. The numerical study was carried out under
laminar steady flow conditions using the ANSYS Fluent program. Two different module geometries
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were used in the study: a flat module and a rectangular corrugated module. A total of 15 cylindrical
Li-ion battery cells were placed in each module in a staggered arrangement. The surfaces of the
battery cells were maintained at a constant heat flux of q” = 400W/m?. A suspension of Al>Os
nanoparticles in water was used as the working fluid. The nanoparticle volume fraction was kept
constant at ¢ = 3%. The fluid inlet temperature to the module was Tin=300 K. In the study, the surface
temperature of the battery cells and the fluid outlet temperature from the module were analyzed at
low Reynolds numbers in the range of 10<Re<150. In addition, the solutions were compared with the
thermal management of batteries in flat modul and corrugated modul for the base fluid. To observe
the effects of module geometry and nanofluid on battery thermal management, velocity and
temperature contour were shared at different Reynolds numbers. Results of the study showed that
battery module geometry and Reynolds number significantly affect battery surface temperatures. It
was determined that battery surface temperatures were lower in rectangular corrugated modul
compared to flat modul. The use of nanofluid in the corrugated module reduced battery surface
temperatures and provided a homogeneous temperature distribution within the module at high
Reynolds numbers (Re = 150). Increasing the Reynolds number caused a decrease in the module
outlet temperature, and the outlet temperature was determided to be lower in the rectangular
corrugated module than in the flat module. At Re = 150, the outlet temperature of the corrugated
module was similar for the nanofluid and base fluid. The results of this study demonstrate that
corrugated module geometry and the use of nanofluid will provide significant advantages, especially
in the battery thermal management of electric vehicles.

Keywords: Battery thermal management, Corrugated module, Li-ion battery, Nanofluids, Numerical
study

1. Giris

Batarya sisteminin sicakligini uygun aralikta olmasini saglamak, yalnizca batarya sisteminin
performansini 6nemli 6lcilide etkilemekle kalmaz, ayn1 zamanda giivenlik ve stabilite i¢in oldukca
onemlidir (Lin vd. 2021). Batarya paketindeki modiillerin yerlesimi, sogutucu ve 1sitici sistem tiirleri
ve disaridan gelebilecek etkiler, paket icerisinde bulunan batarya hiicrelerinin sicaklik dagilimlarim
etkileyebilir. Batarya hiicrelerinde meydana gelen homojen olmayan sicaklik dagilimlar elektriksel
dengesizlige ve sonug olarak batarya performansinin diigmesine yol acabilir. Li-iyon piller, 25-40 °C
arasinda en yiiksek performans: sergilerler. Bu nedenle, Li-iyon pillerin bu sicaklik araliginda
tutulmasini saglayacak termal yonetim sistemleri, batarya performansi acisindan onemlidir. Ayrica
batarya hiicreleri arasindaki sicaklik farkinin 5 °C'den az olmas: istenilen bir durumdur (Pesaran,
2002). Sarj-desarj siireclerinde Li-iyon bataryalarin sicakligi artar ve batarya paketi igerisinde
homojen olmayan sicaklik dagilimina neden olabilir. Bu durum bataryanin kullanim émriinii azaltir
(Chaudhari vd., 2024). Sonug¢ olarak, batarya performansini artirmak i¢in batarya paketindeki
hiicrelerin sicakligini uygun bir sicaklik araliginda tutmak amaciyla bir batarya termal yonetim
sistemi kullanilmalidir (Zhang vd., 2023). Elektrikli araglarin performansi, verimliligi ve giivenligi
acisindan, batarya termal yonetim sistemleri uygulamasi dnemli bir konudur. Elektrikli araglarin
kullanimdaki artis devam ettik¢e, verimli bir batarya sicaklik kontroliiniin 6nemi artmaktadir ve
cesitli termal yonetim teknikleri gelistirilmistir (Tivari vd., 2025).

S1v1 sogutma (Tong vd., 2025) ve nanoakiskan (Liu vd., 2025) ile yapilan batarya sogutma islemleri,
Li-iyon batarya termal yonetminde kullanilan 6nemli yontemlerdendir. Sivi kullanilarak yapilan
batarya termal optimizasyon yontemleri, sistemdeki farkli bilesenlere gore kategorilere ayrilabilir. Bu
kategoriler, optimizasyon yontemlerini, yapisal, akis kontrolii ve calisma akigkani optimizasyonu
olarak ayrilabilir. Elektrikli ara¢ bataryalarinin termal yonetimindeki sorunlar ve yiiksek sarj ve desar;j
akimlari, arastirmacilarin daha etkili ve yenilik¢i ¢Ozlimler aramasini gerektirmektedir.
Nanoakiskanlar, geleneksel akiskanlara kiyasla daha yiiksek termal iletkenlik saglayabilmeleri ile
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yuksek 1s1 transfer hizina sahiptir ve 6nemli bir batarya termal yonetim sistemi olarak 6nerilmektedir.
(Gasmelseed vd., 2024). Batarya termal yonetimini etkileyebilecek bir bagka degisken de batarya
modiil geometrisidir. Wang vd. (2025), daldirma ile yapilan sivi sogutma sisteminde, performans
artis1 saglamak icin, batarya termal yonetiminde kare, diizgiin altigen ve dairesel yapili yan duvarlar
kullanmiglardir. Calisma sayisal olarak yapilmis ve ¢alismada Tmax (1,28 °C) ve AT (0,88 °C) en
bliylik diistisler kare yapili duvar sisteminde elde edilmistir. Batarya termal yonetiminde, Modiil
geometrisindeki degisimlerin 6nemli Slgiide etkili oldugu ortaya koyulmustur.

Literatiir calismasina gore bataryalarin termal yonetiminde batarya modiil geometrisinin etkisini
arastiran caligmalarin olduk¢a az oldugu ve bu caligmalarda nanoakiskan etkisinin arastirilmadigi
anlagilmaktadir. Bu nedenle bu ¢alismada, dikddrtgen oluk geometrisine sahip bir modiilde bulunan
bataryalarin termal yonetiminde, Al2Os-su nanoakiskanin etkisi diisiik Reynolds sayilarinda
(10<Re<150) sayisal olarak arastirilmistir. Ayrica ¢calisma diiz ve oluklu modiilde temel akiskan akis1
ile karsilastirilmistir.

2. Malzmeler ve Metotlar

2.1 Sayisal Model

Sayisal ¢alismada, ¢gapt D=18 mm ve uzunlugu 65 mm olan silindirik Li-iyon batarya hiicreleri, diiz
ve dikdortgen oluklu bir modiil igerisine kademeli olarak yerlestirilmistir. Sekil 1, diiz ve dikdortgen
oluklu modiiliin geometrisini gostermektedir. Modiilde bataryalar ii¢ sira halinde yerlestirilmistir. Her
sirada 5 adet batarya olmak tizere toplam 15 adet batarya hiicresi kademeli olarak konumlanmustir.
Akiskanin modiile girdigi kanalin ytiksekligi ve uzunlugu sirastyla H=20 mm ve L=20 mm’dir. Diger
geometrik 0zellikler sayisal model lizerinde verilmistir. Bataryalarin sogutulmasinda ig yapan akigskan
olarak Al,Os-su nanoakiskan kullanilmistir. Nanoakigskanin partikiil hacim oran1 ¢=%3 olarak sabit
tutulmustur. Temel akigkana ve ¢=%3 partikiill hacim oranina sahip Al,Os-su nanoakiskana ait
termofiziksel 6zellikler Tablo 1’de sunulmustur.

(a) (b)

15

EPOEOEF, | 0006
Sk OO d2e 0000® A
Y OEEE® [F | 0e®®

165 165

Sekil 1. Sayisal model (a) Diiz modiil, (b) Dikdortgen oluklu modiil (6l¢iiler mm’dir)

Tablo 1. Su ve Al,O3-su nanoakiskanin (¢=%3) termofiziksel 6zellikleri (Danismaz ve Akdag, 2025)

- Termal o . .
Materyal ((l)é/gkulo Cl:S)l, Cp iletkenlik, i ?l{(og/&l;;uk, p Vlskkozne, Prandtl
g (W/mK) g w (kg/ms) sayisl
Su 3412 0,6070 998,2 0,001003 5,85
ALOs-su (9=%3) 3421 0,7189 1181,05 0,001390 5,76
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2.2 Korunum Denklemleri
Calismada, Al,O3 nanopartikiillerin temel akigskan i¢inde homojen dagildigi, sikistirilamaz, tek fazl
ve Newton tipi oldugu varsayilmistir. Coziimlerde yergekimi etkileri ve radyasyonla 1s1 transferi
ihmal edilmistir. Viskoz model olarak laminer akis modeli kullanilmistir. Simiilasyonlar siirekli
kosullar altinda gerceklestirilmistir. Bu varsayimlara gore, korunum denklemleri Esitlik 1-4'te
verilmistir:

Sureklilik denklemi:
du av
=0 1)

Momentum korunum denklemi:

du du du 1 ap a%u  a%u

E‘l‘lta‘l"!?a—?——aa ny (@ a_Vz) (2)

v v v 1 8P a?v  a%v

E-l_uﬂ-l_va_y__aa_y-i_ﬁ”f (@‘I‘a—?z) (3)

Enerji denklemi:

a7 aT a7 air 8T

ot et vy = (Gt 50) “)
nf Pnf ( )

_ _Fnf 6

a:nf {chnf ( )

Reynolds sayis1, Denklem 7 ile hesaplanmistir:

Re = £nf7% (7

Burada p nanoakiskanin yogunlugunu, U ortalama akiskan hizini, p akiskanin viskozitesini ve Dn
hidrolik ¢apin1 temsil eder.

Nanoakiskanin termofiziksel 6zelliklerinden yogunluk (p) (Pak ve Cho, 1998), 6zgiil 1s1 (Cp) (Maiga
vd., 2005), 1s1l iletkenlik (k) (Hamilton ve Crosser, 1962) ve vizkosite (¢) (Brinkman, 1952) Esitlik
(8)-(11) ile hesaplanmustir.

pnr = (L — @)ppr + @pp: )
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_ (=@)pbfCof +@Ppicy;

nf ons )
[kpt+2kp 7 —2@(Kp f—kpe)]
k — 1 P 10
T UL [kpe+2kp p+(Rp pkpe )] (10)
Hnp = Mpp[123¢% +7.3¢ + 1] (11)

Burada nf, p ve bf alt indisleri sirasiyla nanoakiskani, nanopartikiilii ve temel akigkani ifade
etmektedir.

2.3 Sayisal Yontem ve Sinir Sartlar

Sayisal model ve hiicrelere ayirma Gambit yazilimi ile olusturulmustur. Coéziim alaninda
yapilandirilmamis {iggen elemanlar kullanilmistir. Coztimlerde en uygun eleman sayisini belirlemek
icin ag bagimsizlik testi uygulanmis ve bu testin sonucunda diiz ve dikdortgen oluklu modiil icin
strastyla 109802 ve 99832 eleman sayilar1 ¢oziim alanina uyarlanmistir. Simiilasyonlar, ANSYS
Fluent paket programi yardimiyla ¢ozllmiistiir. Tasinim terimlerinin ayriklastirilmasinda ikinci
dereceden ileri fark semasi kullanilmistir. Basing ve hiz bagintist SIMPLE algoritmasi ile ele
alimmigtir. Coztimler siirekli kosullar altinda gerceklestirilmistir. Yakinsama kriteri olarak enerji
denklemlerinde 10°%, diger denklemlerde ise 10 kullanilmistir. Bu degerlerde ¢oziimlerin yakinsadigi
gorilmiistiir.

(Calismada, akiskan modiiliin giris kanalina sabit hiz ve sicaklikta (Tix=300 K) girmektedir. Kanal
cikisindaki basincin atmosfer basincina esit oldugu varsayilmistir. Her bir batarya hiicresinin dis
yiizeyinin sabit bir 1s1 akisinda (q"=400W/m?) korundugu kabul edilmistir. Batarya modiiliine ait
duvarlar adyabatik 6zelliktedir. Tiim ylizeyler i¢in kaymaz sinir sarti tanimlanmistir. Akigkanin hizi
Reynolds sayisi ile belirlenmis ve 10<Re<150 arasindaki diisiik Reynolds sayilar i¢in ¢oziimler
gergeklestirilmistir.

3. Bulgular ve Tartisma

Sayisal ¢alismada elde edilen sonuglar, Lavasani vd. (2016) ve Zhauskas (1987) tarafindan gerceklestirilen
sonugclarla karsilagtirilmis ve tiim ¢aligma sonuglari arasindaki uyum, Sekil 2'de sunulmustur.

30

v : —+— bu galisma
10 O — . = Lavasanivd. (2016)
o Zhauskas (1987)

0 100 200 300 400 500 600
Re

Sekil 2. Sayisal calismanin Onceki ¢aligmalar ile karsilagtirilmasi

Bu boliimde, diiz ve oluklu modiil igerisine kademeli yerlestirilmis bataryalarin termal ydnetimine,
temel akiskanin ve nanoakigkanin etkisini gozlemlemek i¢in farkli Reynolds sayilarinda hiz ve
sicaklik goriintiileri sunulmustur.

Sekil 3’te diiz modiilde temel akigkanin Re=10 ve Re=150 degerleri i¢in (a) hiz konturlar1 ve (b)
sicaklik konturlari verilmistir. Hiz ve sicaklik goriintiilerinin Reynolds sayisindan etkilendigi acik¢a
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goriilmektedir. Re=10’da, ana akiskanin ilk ve son siradaki bataryalar {izerinden aktig1, orta siradaki
bataryalar arasina daha az niifuz ettigi goriilmektedir. Bataryalarin kademeli yerlesiminin akista bir
saliliim olusturdugu goézlenmektedir. Bu salinimlar, akis karigimi ve 1s1 transferi i¢in Onemli
olgulardir. Reynolds sayisinin artmasi ile modiile giren akiskanin tiim siradaki bataryalar arasina daha
iyl dagildigi ve akis salinimlarinin arttigi gériilmektedir (Sekil 3a). Re=10da girise yakin bataryalarin
ylizey sicakligi daha disiik iken ¢ikisa yakin bataryalarin sicakligi daha ytksektir. Re=150"de
modiildeki sicaklik gradyani oldukg¢a azalmis ve Re=10’a gore daha homojen bir sicaklik dagilimi
saglanmistir. Ancak orta siradaki bataryalar arasinda yiiksek sicaklik gradyani dikkat cekmektedir.
Re=10"de modiil i¢inde en yiiksek sicaklik degeri 326 K iken Re=150"de 306 K degerine diistiigli
tespit edilmistir.

o
—
I
(5]
4
B
i o000
q) o -
o

00000
YY)

(@) (b)

Sekil 3. Diiz modiilde temel akiskan icin farkli Reynolds sayilarinda (a) Hiz konturlari, (b) Sicaklik
konturlari

Sekil 4’te oluklu modiilde Al,O3-su nanoakiskanin Re=10 ve Re=150 degerleri i¢in (a) hiz konturlari
ve (b) sicaklik konturlar1 sunulmustur. Oluklu modiil ve nanoakiskanin hiz ve sicaklik goriintiilerinin
Reynolds sayisindan etkilendigi gozlenmektedir. Diiz modiile gore oluklu modiil, akiskan1 bataryalar
arasina daha iyi niifuz etmesini saglamigtir. Sekil 3a’da oldugu gibi Reynolds sayisinin artmasi,
modiile giren akiskanin atalet etkilerini artirmakta ve her ii¢ siradaki bataryalar arasina daha iyi
dagildig1 ve akis salimimlarinin arttigi goriilmektedir (Sekil 4a). Sekil 4b’de Re=10 i¢in modiilde
cikisa yakin bataryalarin sicaklik gradyaninin girise gore daha yiiksek oldugu goriilmektedir.
Re=150"de modiildeki sicaklik gradyani diigmiistiir ve daha homojen bir sicaklik dagilimi (orta
siradaki bataryalarin arasi1 hari¢) meydana gelmistir. Re=10’de modiil i¢inde en yiiksek sicaklik degeri
314 K iken Re=150’de 305 K degerine diistiigii tespit edilmistir. Sekil 3b ve Sekil 4b
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karsilagtirildiginda, dikdortgen oluk geometrisine sahip bir modiilde nanoakiskan kullaniminin
bataryalarin yiizey sicakliklarin1 6nemli derecede diistirdiigii goriilmektedir.

Re=10

Re=150

(@) (b)

Sekil 4. Dikdortgen oluklu modiilde Al;Os-su nanoakiskan i¢in farkli Reynolds sayilarinda (a) Hiz
konturlari, (b) Sicaklik konturlar

Farkli Re’de ve diiz modiildeki temel akigkan i¢in batarya hiicrelerinin yiizey sicakliklar1 Sekil 5’te
verilmistir. Re’nin artmasiyla bataryalarin yiizey sicakliklarinda diisiis gdzlemlenmistir. Ozellikle
Re=10’dan Re=50’ye yiikseldiginde sicaklikta biiyiik bir diisiis gozlemlenmektedir. Tiim bataryalar
icinde en diisiik sicaklik Re=150’de 301,02 K ile 2 numarali batarya hiicresinde gerceklesmistir.
Re’de artis, yiizey sicaklik farklarini azaltmistir.
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‘ ORe=10 DRe=50 ORe=100 IRe=150‘
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Sekil 5. Diiz modiil, temel akiskan i¢in farkli Reynolds sayilarinda batarya hiicrelerinin yiizey
sicakliklar

Re’nin artmasi, modiile giris bolgesinden uzakta olan bataryalarin sogumasinda etkili bir yontem

oldugu belirlenmistir. Re=150 i¢in hiicreler arasindaki en yiiksek ve en diisiik yiizey sicaklik farki
AT=2,3 K olarak bulunmustur.

Sekil 6’da oluklu modiilde temel akiskan i¢in farkli Re’de batarya hiicrelerinin yiizey sicakliklari
goriilmektedir. Reynolds sayisinin artmasiyla bataryalarin yiizey sicakliklar1 diismeye baslamistir.
Diiz modiile benzer sekilde, 6zellikle, Re=10’dan Re=50"ye ylikseldiginde sicaklikta biiytik bir diisiis
gozlemlenmektedir. En diisiik sicaklik Re=150"de 301,2 ile 2 ve 12 numarali batarya hiicrelerinde

gerceklesmistir. Re=150 icin hiicreler arasindaki en yiiksek ve en diisiik yiizey sicaklik farki AT=2 K
oldugu tespit edilmistir.

‘ ORe=10 DRe=50 ORe=100 lRe=150‘
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Oluklu modiil, temelakiskan
320
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Batarya numarasi

Sekil 6. Oluklu modiil, temel akigskan icin farkli Reynolds sayilarinda batarya hiicrelerinin yiizey
sicakliklar
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‘ ORe=10 DRe=50 ORe=100 lRe=150‘
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Sekil 7. Oluklu modiil, AlOs-su nanoakiskan i¢in farkli Reynolds sayilarinda batarya hiicrelerinin
ylizey sicakliklari

Sekil 7’de oluklu modiilde Al>Osz-su nanoakisan igin farkli Reynolds sayilarindaki batarya
hiicrelerinin yiizey sicakliklar1 gériilmektedir. Diger modiillere benzer sekilde, 6zellikle, Re=10"dan
Re=50’ye ylikseldiginde batarya hiicre sicakliklarinda biiyiik bir diisiis gozlenmistir. En diistik
sicaklik Re=150"de 300,91 ile 2 ve 12 numarali batarya hiicrelerinde gerceklesmistir. Re=150 i¢in
hiicreler arasindaki en yiiksek ve en diisiik yiizey sicaklik farki AT=1,82 K olarak belirlenmistir.
Bataryalar arasindaki sicaklik farkinin en diisiik oldugu durum, oluklu modiilde nanoakiskan akisinda
gerceklesmistir.

Sekil 8a-d’de, farkli modiillerdeki her bir hiicrenin ortalama ylizey sicakliklarinin Reynolds sayisina
bagli olarak degisimi, karsilagtirmali olarak gosterilmistir. Reynolds sayisindaki artis her modiildeki
batarya hiicrelerinin ylizey sicakliklarini azaltmis ve genel olarak en diisiik batarya yiizey sicaklik
degerleri oluklu modiilde ve nanoakigkan kullanilan sistemde elde edilmistir. Reynolds sayisinin
artmas1 modiillerin arasindaki sicaklik farklarini azaltmistir. Ozellikle Re=10’da, 3 farkli durum igin
batarya termal yonetim performansinda sicakliklar arasindaki biiylik farklar gozlenebilmektedir.
Reynolds sayisinin artmasi ile modiilde homojen bir sicaklik dagilimi elde edildigi acikga
gorliilmektedir. Oluklu modiilde nanoakiskan akisinda elde edilen sicaklik degerlerinin diger
durumlara gore daha diisiik oldugu tespit edilmistir.
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Sekil 8. Farkli modiiller i¢in batarya hiicrelerinin ylizey sicakliklari karsilastirmasi, Re= (a) 10, (b)
50, (c) 100, (d) 150

Sekil 9°da her ii¢ durum i¢in bataryalarin ortalama yiizey sicakliklarinin Reynolds sayisi ile degisimi
gosterilmistir. Reynolds sayisinin artig1 bataryalarin ortalama ylizey sicakliklarini 6nemli oranda
distirmistiir. En diisiik batarya ortalama ylizey sicaklik degeri Re=150’de 301,56 K ile oluklu
modiilde ve nanoakiskan igeren sogutma sisteminde elde edilmistir.

W diiz modail, su

312
3 O oluklu modiil, su
>0 O oluklu modiil, Al203-su
~
g 308
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> 304
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Reynolds sayisi

Sekil 9. Reynolds sayisi ile bataryalarin ortalama yiizey sicakliklar
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