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JOURNAL INFORMATION

About

International Journal of Aeronautics and Astronautics (IJAA) is refereed and interdisciplinary
journal focused on publication of the original article, essay / review and scientific the
translation aimed at contributing to the field of aviation management and technology in
Turkey and the world. Our journal aims to contribute to science by taking place in national
and international indexes. Journal publication languages are English and Turkish. Our journal,
which adopts an open access policy, can be accessed free of charge.

International Journal of Aeronautics and Astronautics is a refereed academic journal published
two times a year in June and December months in order to increase the quality of the articles
published in the journal, to organize the publication and review process according to the
expectations of the reviewers and authors, and to manage the processes with the right
publication policy, the journal publication period has been arranged as 2 times a year as of
2023.

Aim and Scope

The International Journal of Aeronautics and Astronautics is a double-blind peer-reviewed
(reviewed by at least two reviewer), open access and online journal, covering all areas of
aviation management and technology. It is an interdisciplinary journal focused on original
articles, essays/reviews, letters to the editor, case reports, book reviews and scientific
translations, aiming to contribute to the field of aviation management and technology in
Turkiye and in the world. Journal publication languages are English and Turkish. The journal
accepts manuscript in every publication period.

The articles in the journal are aimed at researchers, practitioners and undergraduate/graduate
students who are interested in all the main elements of the aviation industry (airlines, airports,
air traffic management, aircraft engineering, mechanical engineering, avionics engineering,
etc.).

Subject Category
The journal presents studies on the following topics under the main areas of social and
technology:

Social Sciences

Safety Management Systems, Air Traffic Management, Air Transportation Management,
Airport Planning and Management, Aviation Management, Aviation Physiology, Aviation
Security, Aviation Law, Aviation Meteorology, Aviation Psychology, Aviation Sector Studies,
Aviation History, Aviation Safety and Security Management, Financial Management in
Aviation, Human Resources Management in Aviation, Aviation Logistics Management,
Organizational Behavior in Aviation, Aviation Marketing Management, Risk Management in
Aviation, Ground and Cabin Services in Aviation, Airport Design, Airline
Industry/Commercial Aviation, Airline Management, Flight Operations Management.
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Technology

Aerodynamics, Aeroelastic Analysis and Design, Fluid Mechanics, Avionic Systems,
Multidisciplinary Design Optimization, Aircraft Maintenance and Repair, Aircraft Propulsion
Systems, Aviation Rules, Aviation Materials, Aviation Training, Aviation and Artificial
Intelligence, Aviation Structures, Human Factors in Aviation, Helicopter Design,
Computational /Experimental Fluid Dynamics/Mechanics, Heat Transfer and Combustion,
Unmanned Aerial Vehicles, Navigation Systems, Measurement and Modeling, Aircraft
Airframe Engine and Maintenance, Aircraft Performance, Aircraft Design, Flight Mechanics,
Flight Dynamics and Control, Satellite Technologies, Gas Turbine Engine, Aviation Oils and
Fuels, Aircraft Engine, Other Aircraft and Technologies.

Publication Language
Full Text Publication Language: Primary Language: English; Secondary Language: Turkish

Manuscripts Submissions

The corresponding author sends his manuscript to the journal via the Turkish DergiPark
System. The submitted manuscript must not have been previously published or under
evaluation. The copyright form and ethics committee permission document should also be
sent with the submitted manuscript.

Article Processing Charge

All charges of the Journal of Aeronautics and Astronautics are covered by Selcuk University.
The publication of articles and the execution of article processes in the journal are free of
charge. No processing fee or submission fee is charged under any other names. As part of its
publication policies, Journal of Aeronautics and Astronautics does not accept sponsorship or
advertisements.

Peer review

The all submitted manuscripts are subject to a peer review process in order to Editorial Board
in making editorial decisions. Thus, the author may improve and increase quality of paper.
Also, it assist the author in improving the paper.

Reviews are double-blind procedure. The least two positive comments should be obtained for
acceptance of the paper. Reviewers may suggest also minor or major revision. If major revision
is decided by reviewers, the revised paper can be sent again to the reviewers for their final
decisions. There are no fees for reviewers.

Reviewers are determined by editor. Editor can also prefer the reviewer’s choice from suggests
of authors. Reviewers must be experts in the subject of paper. There should be no conflict of
interest between the authors and the referees. The authors will definitely not know the name
of reviewers. The editorial board will provide it. Besides, the reviewers also will not know
each other's identity. The reviewers will evaluate independently of each other. In case the
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reviewers make different decisions (accept/decline), the Editor may submit the article to
another reviewer for evaluation.

The Publishing Ethics

The International Journal of Aeronautics and Astronautics adopts the following national and
international standards for research and publication ethics:

1. Turkish Press Law,

2. Law on Intellectual and Artistic Works of Turkish,

3. Higher Education Institutions Scientific Research and Publication Ethics Directive of
Turkish,

4. Committee on Publication Ethics (COPE),

5. Council of Science Editors (CSE),

6. World Association of Medical Editors (WAME),

7. International Committee of Medical Journal Editors (ICMJE)

8. Directory of Open Access Journals (DOA]J)

9. Open Access Scholarly Publishers Association (OASPA)

Plagiarism Prevention Control

All manuscript submitted for publication are reviewed by the “iThenticate” plagiarism
program. As a result of the examination, the plagiarism/similarity rate can be up to 25%.
Manuscript with a plagiarism/similarity rate above 25% are directly rejected by the editorial
board.

Withdraw, Retraction and Publication Malpractice Policy
Before or during the evaluation of the article; The article should be withdrawn by the author
because of the important changeable errors detected by the authors, the editorial board or the
reviewers. For example; double posting of the article by mistake, typographical errors,
incomplete data entry and etc.
The following reasons are the reasons why the article is retracted even if the article is ready
for publication.

e Multiple submissions

e Bogus claims of authorship

e Plagiarism

e Fraudulent use of data etc.
If the article has been published, the reader will see the retraction note of the article
electronically via a link before reaching the original article. He then reaches the original article
with a watermark that says "RETRACTED" on each page.
After the article is published, it may be necessary to change the article for reasons other than
those that require the article to be retracted. In this case, the new version of the article is
published in the last issue of the journal. Necessary explanations for the change are specified
in this new version and a link is made to the previous version.
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Archiving and Data Distribution Policy

The editor ensures that published material is securely archived. The Journal of Aeronautics
and Astronautics sends all published articles it publishes on an open-access basis, without
further intervention from the author(s), to archives, where they are made fully available. The
Author or its funding body may deposit a copy of the Author’s Accepted Manuscript in
archiving sites. The Journal of Aeronautics and Astronautics author license allows reuse with
attribution of the origin of the article (a full citation) for non-commercial use only. For
commercial use, permission from the authors is required.

The Journal of Aeronautics and Astronautics is committed to keeping research articles open
access, with reuse via CC-BY-NC Creative Commons licenses, and to depositing the full-text
content in the archive platforms as well as full open access on
https:/ /dergipark.org.tr/en/pub/ijaa

Archiving Policy: LOCKSS
Repository Policy: Publisher's Own Site

Articles published in Journal of Aeronautics and Astronautics are archived digitally in
LOCKSS. In addition, published articles can be accessed by the author in the institutional
archive of the university (DSpace, AVESIS, etc.), subject archives, or other archives without
the embargo period. So, anyone can access this publication for free.

Journal of Aeronautics and Astronautics (e-ISSN: 2757-6574), is pleased to announce its archive
policy in line with its policy of supporting the dissemination of research results:

e Journal of Aeronautics and Astronautics allows authors to use the final published
version of an article (publisher pdf) for self-archiving (author's personal website)
and/or archiving in an institutional repository after publication.

e Authors may self-archive their articles in public and/or commercial subject-based
archives. There is no embargo period, but the published source should be cited, and a
link should be set to the journal homepage or DOI of the articles.

e Authors can download the output of the article as a PDF document. Authors can send
copies of the article to their colleagues without any embargo.

e Selcuk University Press allows all versions of articles (sent version, accepted version,
published version) to be stored in an institutional or other archive preferred by the
author without embargo.

e The Journal of Aeronautics and Astronautics uses the LOCKSS system to allow
permanent archives to be created. Based on Stanford University Libraries, the LOCKSS
Program provides award-winning, low-cost, open-source digital preservation tools to
provide libraries and publishers with access to permanent and authoritative digital
content. The LOCKSS Program is a library-led digital preservation system built on the
principle of "securing large numbers of copies". The LOCKSS Program develops and
supports libraries using open-source end-to-end digital preservation software.
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Published Version

OA Publishing: Open Access

OAL https:/ /dergipark.org.tr/api/ public/oai/ijaa/

LOCKSS: https:/ / dergipark.org.tr/en/pub/ijaa/lockss-manifest

RSS: https:/ /dergipark.org.tr/en/pub/ijaa/rss-feeds

Embargo: No Embargo

Licence: CC BY-NC 4.0

Copyright Owner: Authors (Authors retain copyright, without restrictions)

Location: Institutional Archive, Crossref, Journal Website, Journal Website, Institutional Site,
Author's Personal Website, Public and/or Commercial Subject Based Archives.

Policy Conditions: The journal should be cited in accordance with the citation and citation
standards. It should be linked to the publisher version with the DOI.

Accepted Version

Embargo: No Embargo

Location: Journal Website, Institutional Site, Author's Personal Website, Public and/or
Commercial Subject Based Archives.

Copyright Owner: Authors (Authors retain copyright, without restrictions)

Submitted Version

Embargo: No Embargo

Location: Journal Website, Institutional Site, Author's Personal Website, Public and/or
Commercial Subject Based Archives.

Persistent Article Identifier: DOI
The Journal of Aeronautics and Astronautics uses the digital object identifier (DOI).

Authorship and Contributorship

After manuscript is submit to the Journal, the name of any of the authors cannot be deleted
from the list of authors without the written consent of all authors, a new name cannot be added
as an author, and the order of authors cannot be changed.

Author Contribution Rate Statement
In the manuscript, the contribution rate statement of the researchers, support and
acknowledgment statements, if any, and conflict of interest statement should be stated.

ETHICAL PRINCIPLES AND PUBLICATION POLICY
Editorial Responsibilities

The Editor-in-Chief, Managing Editor and International Editorial Board are responsible for

deciding which articles submitted to International Journal of Aeronautics and Astronautics
will be published.
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The Editor-in-Chief reserves the right to decide not to publish papers that the journal deems
insufficient in terms of content and quality.

The all editorial team of journal must hold no conflict of interest with regard to the articles
they consider for publication.

The Editor-in-Chief and other editorial members shall evaluate manuscripts for their
intellectual content free from any racial, gender, sexual, religious, ethnic, or political bias.
Editors treat all submitted manuscripts as confidential documents; this means that they will
not disclose information about an article to anyone without the permission of the authors.
During the article review process, the following people can access the articles: Editors,
Reviewers, Editorial Board Members. The only situation in which details about a manuscript
may be passed on to a third party without the consent of the authors is if the editor suspects
serious research misconduct. If the editor suspects an ethical violation or if there is an alleged
violation, they are obliged to take action. This task covers both published and unpublished
articles.

Author's Responsibilities

The authors ensure that the paper is the original study and that it has not been published in
another journal and that the same paper has not been sent to another journal in parallel.

The Authors also warrant that the manuscript is not and will not be published elsewhere (after
the publication in International Journal of Aeronautics and Astronautics) in any language
without the consent of the Editorial Board.

If the submitted paper is the result of a research project, or if it has been presented at a
conference before, or if there is any institution or organization that supports the paper, the
authors must present this information in the Acknowledgments section.

It is the authors' responsibility to ensure that the submitted paper conforms to ethical
standards. Confirming that the information in the manuscript is not unfounded or unlawful
and does not violate the rights of third parties, it meets any claims compensation from this
situation and the publisher cannot be held legally responsible.

Protection of Participants' Personal Data
International Journal of Aeronautics and Astronautics accepts and applies the Personal Data
Protection Principles accepted by Turkish Dergipark.

Plagiarism

Presenting another person's ideas, words, sentences or creative expressions as his own is a
clear plagiarism in terms of scientific ethics.

It is considered plagiarism to use a specific statement from another author's study in one's own
study without clearly citing the source, not citing the source correctly, or using the source
without permission. The article of the author determined to be plagiarized will be rejected
directly.
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Twin Publishing

Twin publishing is the publication of the same article or substantially similar articles in more
than one journal. The editor returns this type of article without review. After that, the editor
may impose an embargo on the author attempting to twin publishing for a certain period of
time, explain this situation to the public in the journal in which the author has previously
published (perhaps as a simultaneous announcement with the editor of the journal that
published the previous article), or apply all of these measures together.

Simultaneous submission of the same manuscript to more than one journal

Authors cannot submit the same manuscript to more than one journal at the same time. The
editor reserves the right to consult the other editor(s) receiving the manuscript if it learns of
possible simultaneous submission. In addition, the editor may return the article without
review or reject it without considering the reviews, or take this decision by discussing it with
the other relevant editor(s) and may decide not to accept manuscript submissions from the
authors for a certain period of time. It can also write to the authors' employers or implement
all of these measures together.

Ethical Violation Notices

When readers notice a major error or inaccuracy in an article published in the International
Journal of Aeronautics and Astronautics, or have any complaints about editorial content
(plagiarism, duplicate articles, etc.), they can send an e-mail to jjaa@selcuk.edu.tr. can make a
notification.

Conflict of interest

Authors must explain the people, institutions and organizations that may have conflict of
interest.

Reviewers responsibilities

The Reviewers should submit their unbiased opinions in writing on the scientific value and
originality of the paper in a timely manner.

The reviewers evaluate the submitted article according to the scope of the journal, the
originality of the subject, the presentation of the article, scientific quality and characteristic.
The reviewers should warn the editor when they detect an ethical violation, significant
similarity with a manuscript published elsewhere, and such situations.

The Reviewers should not have a conflict of interest with the authors or the institutions or
organizations that support the paper. Such a situation should be reported to the editor.
Reviewers must be impartial when evaluating the paper. It should clearly express its opinions,
thoughts and criticisms with supporting arguments.

All documents sent to the reviewers for review should be considered confidential. Subject and
materials specified in the papers cannot be used without the permission of the authors. If this
information is used for personal gain, all responsibility belongs to the user.
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Disclaimer

The views in published works are belongs to authors. The Editors and Editorial Board cannot
be held responsible. The authors take legal and moral responsibility for the ideas expressed in
the articles. The authors will be held legally responsible should there be any claims for
compensation. There is no liability of Publisher.

Ethics Committee Permission

The following should be observed under the code of ethics.

An ethics committee approval must be obtained for research conducted in all disciplines
including social sciences and for clinical and experimental studies on humans and animals,
requiring ethical committee decision, and this approval should be stated and documented in
the article.

It should be indicated in the journal and/or web page under a separate heading referring to
national and international standards.

Information on the ethical rules under separate headings should be provided under this
heading, for the peer-reviewers, authors and editors.

It should be stated that the articles comply with Research and Publication Ethics.

Reference to international standards and institutions should be made. For example, scientific
articles sent to journals should take into account the recommendations of the International
Journal of Aeronautics and Astronautics Editors (IJJAAE) and the International Standards for
Editors and Authors of COPE (Committee on Publication Ethics).

In studies requiring ethical committee permission, information about the permission (board
name, date and issue number) should be included in the method section and on the first/last
page of the article.

For the scales used in data collection, the permission of the scale owner should be obtained
and declared in the article.

Copyright regulations must be observed for the ideas and works of art used.

Studies Requiring Ethics Committee Permission

1) All kinds of research conducted with qualitative or quantitative approaches that require
data collection from participants using questionnaires, interviews, focus group work,
observation, experimentation, interview techniques,

2) Using human and animals (material / including data) experimental or other scientific
purposes,

3) Clinical studies on humans,

4) Clinical studies on animals,

5) Retrospective studies in accordance with the law on protection of personal data.
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DERGI BILGILERI

Hakkinda

International Journal of Aeronautics and Astronautics (IJAA), Tiirkiye'de ve diinyada
havacilik yonetimi ve teknolojisi alanina katki saglamayi amaclayan, 6zgiin makale,
deneme/derleme ve bilimsel ceviri yaymn odakli, hakemli ve disiplinler arasi bir dergidir.
Dergimiz ulusal ve wuluslararasi indekslerde yer alarak bilime katki saglamay:
amaglamaktadir. Dergi yayin dilleri ingﬂizce ve Tirkge'dir. Agik erisim politikasinm
benimseyen dergimize ticretsiz erisim saglanmaktadir.

International Journal of Aeronautics and Astronautics, Haziran ve Aralik aylarinda olmak
tizere yilda iki kez yayinlanan hakemli akademik bir dergidir. Dergide yaymlanan makalelerin
kalitesini artirmak, yayin ve inceleme stirecini hakem ve yazarlarm beklentilerine gore
diizenlemek ve dogru yayin politikas: ile stirecleri yonetebilmek icin dergi yayimn periyodu
2023 yili itibari ile yilda 2 olarak diizenlenmistir.

Amac ve Kapsam

International Journal of Aeronautics and Astronautics, havacilik yonetimi ve teknolojisinin
tim alanlarmi kapsayan, ¢ift kor hakemli (en az iki hakem tarafindan degerlendirilen), agik
erisimli ve cevrim ici yayin yapan uluslararas: bir dergidir. Ttirkiye'de ve diinyada havacilik
yonetimi ve teknolojisi alanina katki saglamay1 amaglayan, 6zgiin makale, deneme/derleme,
editore mektup, olgu sunumu, kitap kritigi ve bilimsel ¢eviri yayin odakl disiplinler arasi bir
dergidir. Dergi yaym dili Ingilizce ve Tiirkge'dir. Dergi her yayin doneminde makale kabulii
yapmaktadir.

Dergide yer alan makaleler, havacilik sektoriintin tiim ana unsurlarimi (havayollari,
havaalanlari, hava trafik yonetimi, ucak miihendisligi, makine miihendisligi, aviyonik
miithendisligi vb.) ile ilgilenen arastirmacilari, uygulayicilar: ve lisans/lisanstistii 6grencilerini
hedeflemektedir.

Konu Kategorisi
Dergi, sosyal ve teknoloji ana alanlar1 altinda asagidaki konular ile ilgili galismalar1 sunar:

Sosyal Bilimler

Emniyet Yonetim Sistemleri, Hava Trafik Yonetimi, Hava Ulastirma 1§1etmeciligi, Havaalani
Planlama ve Yonetimi, Havacilik Yonetimi, Havacilik Fizyolojisi, Havaciik Giuivenligi,
Havaciik Hukuku, Havacilik Meteorolojisi, Havacilik Psikolojisi, Havacilik = Sektor
Calismalari, Havacilik Tarihi, Havacilik Emniyet ve Giivenlik Yonetimi, Havacilikta Finansal
Yonetim, Havacilikta Insan Kaynaklar1 Yonetimi, Havacilikta Lojistik Yonetimi, Havacilikta
Orgiitsel Davranig, Havacilikta Pazarlama Yonetimi, Havacilikta Risk Yonetimi, Havacilikta
Yer ve Kabin Hizmetleri, Havaalani Tasarimi, Havayolu Endiistrisi/Ticari Havacilik,
Havayolu Yonetimi, Ucus Islemleri Yonetimi.
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Teknoloji

Aerodinamik, Aeroelastik Analiz ve Tasarim, Akiskanlar Mekanigi, Aviyonik Sistemler,
Multidisipliner Tasarim Optimizasyonu, Ucak Bakim ve Onarimi, Ucak Tahrik Sistemleri,
Havacilik Kurallari, Havacilik Malzemeleri, Havacilik Egitimi, Havacilik ve Yapay Zeka,
Havacilik Yapilari, Havacilikta Insan Faktorleri, Helikopter Tasarimi, Hesaplamali/Deneysel
Akiskanlar Dinamigi/Mekanigi, Is1 Transferi ve Yanma, Insansiz Hava Araglari, Navigasyon
Sistemleri, Olcme ve Modelleme, Ucak Goévde Motoru ve Bakimi, Ucak Performansi, Ucak
Tasarimi, Ucus Mekanigi, Ugus Dinamigi ve Kontroliti, Uydu Teknolojileri, Gaz Turbini
Motorlar, Havacilik Yaglar: ve Yakitlari, Ucak Motorlari, Diger Hava Araglar1 ve Teknolojileri.

Yayin Dili _ _
Tam Metin Yayin Dili: Birincil Dil: Ingilizce; Ikincil Dil: Tiirkge

Makale Basvurular

Sorumlu yazar, makalesini Tiirk DergiPark Sistemi tizerinden dergiye gonderir. Gonderilen
makale, daha 6nce hicbir yerde yayimlanmamuis veya degerlendirme asamasinda olmamalidir.
Gonderilen eser ile birlikte, telif hakki formu ve etik kurul izin belgesi de gonderilmelidir.

Ucret Politikasi

Journal of Aeronautics and Astronautics dergisinin tiim giderleri Selguk Universitesi
tarafindan karsilanmaktadir. Dergide makale yaymi ve makale stireclerinin ytrutiilmesi
ticrete tabi degildir. Dergiye gonderilen ya da yayin icin kabul edilen makaleler igin hicbir ad
altinda isleme ticreti ya da gonderim ticreti alinmaz. Journal of Aeronautics and Astronautics
yay1in politikalar1 geregi sponsorluk ve reklam da kabul etmemektedir.

Akran degerlendirmesi

Gonderilen ttiim yazilar, Yaym Kurulu'nun yaym kararlarmi vermesi igin hakem
degerlendirme stirecine tabi tutulur. Boylece yazar, makale Kkalitesini gelistirebilir ve
artirabilir. Ayrica, yazarm makaleyi gelistirmesine yardimci olur.

Incelemeler cift kor prosediirdiir. Makalenin kabulii igin en az iki olumlu yorum alinmalidir.
Gozden gecirenler ayrica kiiciik veya biiytik revizyon onerebilir. Hakemler tarafindan biiytik
revizyona karar verilirse, revize edilen makale nihai kararlari i¢in hakemlere tekrar
gonderilebilir. Inceleyenler igin herhangi bir ticret yoktur.

Hakemler editor tarafindan belirlenir. Editor ayrica hakemin yazar Onerileri arasindan
tercihini de yapabilir. Hakemler makale konusunda uzman olmalidir. Yazarlar ve hakemler
arasinda herhangi bir ¢ikar gatismasi olmamalidir. Yazarlar kesinlikle hakemlerin adimi
bilmeyeceklerdir. Yaym kurulu bunu saglayacaktir. Ayrica hakemler birbirlerinin kimliklerini
de bilmeyeceklerdir. Hakemler birbirlerinden bagimsiz olarak degerlendireceklerdir.
Hakemlerin farkli kararlar almasi (kabul/reddetme) durumunda, Editér makaleyi
degerlendirilmek {izere baska bir hakeme gonderebilir.
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Yayin Etigi

International Journal of Aeronautics and Astronautics, arastirma ve yayin etigi konusunda
asagidaki ulusal ve uluslararas: standartlar1 benimsemektedir:

1. Basin Kanunu,

2. Fikir ve Sanat Eserleri Kanunu,

3. Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi,
4. Committee on Publication Ethics (COPE),

5. Council of Science Editors (CSE),

6. World Association of Medical Editors (WAME),

7. International Committee of Medical Journal Editors (ICMJE)

8. Directory of Open Access Journals (DOA]J)

9. Open Access Scholarly Publishers Association (OASPA)

Intihali Onleme Kontrolii

Yayinlanmak tizere gonderilen tiim makaleler, “iThenticate” intihal programu ile incelenir.
Inceleme sonucunda intihal/benzerlik orani en fazla %25 olabilir. Intihal/benzerlik orani
%25’in tizerinde olan makaleler, editor kurulu tarafindan direkt olarak reddedilir.

Geri Cekme, Retraksiyon ve Yayin Kotiiye Kullanim Politikas1
Makalenin degerlendirilmesi 6ncesinde veya sirasinda; Yazarlar, yayimn kurulu veya hakemler
tarafindan tespit edilen 6nemli degistirilebilir hatalar nedeniyle makale yazar tarafindan geri
cekilmelidir. Ornegin; makalenin yanliglikla iki kez yayinlanmasi, yazim hatalari, eksik veri
girisi vb.
Asagidaki sebepler, makale yayina hazir olsa bile makalenin retraksiyon sebepleridir.

¢ Coklu gonderimler

e Sahte yazarlik iddialar:

e Intihal

e Verilerin hileli kullanimi vb.
Makale yaymlanmissa, okuyucu orijinal makaleye ulasmadan 6nce makalenin retraksiyon
notunu bir baglanti aracilifiyla elektronik olarak gorecektir. Ardindan, her sayfada
"RETRAKSIYON" yazan bir filigranla orijinal makaleye ulasir.
Makale yayinlandiktan sonra, makalenin retraksiyonunu gerektiren sebepler disindaki
nedenlerle makalenin degistirilmesi gerekebilir. Bu durumda makalenin yeni hali derginin
son sayisinda yayimlanir. Degisiklik icin gerekli aciklamalar bu yeni stirimde belirtilmis ve
onceki stirtime baglant1 yapilmistir.

Arsivleme ve Veri Dagitim Politikas:

Editor, yaymlanan materyalin gtivenli bir sekilde arsivlenmesini saglar. International Journal
of Aeronautics and Astronautics yaymladig1 makaleleri acik erisim esasina gore yazar(lar)mn
herhangi bir islem yapmasina gerek olmaksizin elektronik arsivlere gonderir ve tam erisime
acik hale getirir. Yazar veya fon saglayan kurulus, yazarin kabul edilen makalesinin bir
kopyasi arsiv sitelerine ytikleyebilir. International Journal of Aeronautics and Astronautics
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yazar lisansi, yalnizca ticari olmayan kullanim icin makalenin kaynagina atifta bulunarak (tam
bir alintryla) yeniden kullanima izin verir. Ticari kullanim i¢in yazarlardan izin alinmasi
gerekmektedir. International Journal of Aeronautics and Astronautics, tiim makalelerini CC-
BY-NC Creative Commons lisans1 kapsaminda agik erisimli tutmay1 ve tam metin icerigini
arsiv platformlarinda ve https://dergipark.org.tr/tr/pub/ijaa web sitesinde depolamay1
taahhtit eder.

Arsiv Politikasi: LOCKSS
Depo Politikasi: Yayincinin Kendi Sitesi

Journal of Aeronautics and Astronautics dergisinde yayinlanan makaleler LOCKSS da djjital
olarak arsivlenir. Ayrica yayimlanan makaleler, yazar1 tarafindan calistig1 tiniversitenin
kurumsal arsivinde (DSpace, AVESIS vb.), konulu arsivlerde veya diger her tiirlii arsivde
ambargo siiresi olmaksizin erisime acilabilir. Boylece bu yayina herkes ticretsiz olarak hemen
ulasabilir.

Journal of Aeronautics and Astronautics (e-ISSN: 2757-6574) dergisinin yayimcisi, arastirma
sonuclarinin  yayilmasii destekleme politikastna uygun olarak arsiv politikasini
duyurmaktan memnuniyet duyar:

e Journal of Aeronautics and Astronautics yazarlara, bir makalenin kendi kendine
arsivleme (yazarin kisisel web sitesi) ve/veya yaymlandiktan sonra kurumsal bir
havuzda arsivleme igin bir makalenin (yaymct pdf) nihai yaymlanmis stirtimiiniin
kullanilmasina izin verir.

e Yazarlar, makalelerini halka acik ve/veya ticari konu tabanli arsivlerde kendi
kendilerine arsivleyebilirler. Ambargo stiresi yoktur ancak yaymnlanan kaynak
belirtiimeli ve dergi ana sayfasma veya makalelerin DOI'sine bir baglanti
ayarlanmalidir.

e Yazarlar makalenin ¢iktistn1 PDF belgesi olarak indirebilirler. Yazarlar makalenin
kopyalarini meslektaslarina herhangi bir ambargo olmaksizin gonderebilir.

e Selcuk Universitesi Yayinlari, makalelerin tiim siirtimlerine izin verir (Gonderilen
stirtim, kabul edilmis versiyon, yaymlanmis versiyon) ambargo olmaksizin yazarin
tercih ettigi bir kurumsal veya baska bir arsivde saklanacaktir.

e Journal of Aeronautics and Astronautics, kalic1 arsivler olusturulmasina izin vermek
icin LOCKSS sistemi kullanmaktadir. Stanford Universite Kiitiiphanelerine dayanan
LOCKSS Programy, kiitiiphanelere ve yayincilara kalici ve yetkili sayisal icerige erisimi
saglamak icin odulli, diistik maliyetli, agik kaynak djjital koruma araglar1 sunar.
LOCKSS Programi, “cok sayida kopyanin gtivenligini saglama” ilkesi tizerine
kurulmus, kuttiphanenin liderligindeki bir djjital koruma sistemidir. LOCKSS
Programi, acik kaynakli ug uca dijital koruma yazilimi kullanarak kuttiphaneleri
gelistirir ve destekler.
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Dergide Yayimlanan Versiyon

Yayim Tiirti: Acik Erisim

OAL https:/ /dergipark.org.tr/api/ public/oai/ijaa/

LOCKSS: https:/ / dergipark.org.tr/tr/pub/ijaa/lockss-manifest

RSS: https:/ /dergipark.org.tr/tr/pub/ijaa/rss-feeds

Ambargo Siiresi: Ambargo stiresi yoktur.

Acik Erisim Lisansi: CC BY-NC 4.0

Telif Hakk: Sahibi: Yazar(lar) telif hakkini korur.

Arsiv Yeri: Kurumsal Arsiv, Crossref, Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web
Sitesi, Halka Acik ve/veya Ticari Konu Tabanli Arsivler.

Politika Kosullari: Atif ve alnt1 standartlarina uyularak dergiye atif yapilmalidir. DOI ile
yayinci stirtimiine baglanmalidir.

Hakem Siireci Sonunda Kabul Edilen Versiyon

Ambargo Siiresi: Yok

Arsiv Yeri: Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web Sitesi, Halka Acik ve/veya
Ticari Konu Tabanli Arsivler.

Telif Hakki Sahibi: Yazar(lar) telif hakkini korur.

Dergive Gonderilen i1k Metin

Ambargo Siiresi: Yok

Arsiv Yeri: Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web Sitesi, Halka Acik ve/veya
Ticari Konu Tabanli Arsivler.

Kalic1 Makale Tanimlayici: DOI
Journal of Aeronautics and Astronautics dergisi her makalesine doi atamaktadir

Yazar Katki Oran1 Beyani
Makalede, arastirmacilarin katki orani beyani, varsa destek ve tesekkiir beyan, ¢ikar catismasi
beyan belirtilmelidir.

ETIK ILKELER VE YAYIN POLITIKASI
Editoryal Sorumluluklar
International Journal of Aeronautics and Astronautics'e gonderilen makalelerin hangilerinin
yayimlanacagina karar vermekten Genel Yaym Yonetmeni, Sorumlu Editor ve Uluslararas:
Yaymn Kurulu sorumludur.
Bas Editor, derginin icerik ve kalite agisindan yetersiz gordiigii yazilar: yayimlamamaya karar
verme hakkimi sakl tutar.
Derginin tiim editor ekibi, yayinlanmasimi diistindigii makalelerle ilgili olarak herhangi bir
¢ikar ¢atismasi i¢inde olmamalidir.
Bas Editor ve diger editoryal tiyeler, makaleleri herhangi bir 1rk, cinsiyet, cinsellik, din, etnik
veya politik onyarg: icermeyen entelektiiel icerik agisindan degerlendirecektir. Editorler,
gonderilen tiim yazilar1 gizli belgeler olarak ele alir; bu, yazarlarin izni olmadan bir yazi
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hakkindaki bilgileri kimseye ifsa etmeyecekleri anlamina gelir. Makale inceleme stirecinde su
kisiler makalelere erigebilir: Editorler, Hakemler, Yayin Kurulu Uyeleri. Bir yaziyla ilgili
ayrintilarin yazarlarin izni olmadan ti¢tincii bir sahsa iletilebilecegi tek durum, editoriin ciddi
arastirma suistimalinden stiphelenmesidir. Editor, etik ihlalden stiphelenirse veya bir ihlal
iddias1 olursa harekete gecmekle ytikiimltudirler. Bu gorev hem yaymlanmis hem de
yayinlanmamis makaleleri kapsar.

Yazarin Sorumluluklar:

Yazarlar, makalenin orijinal calisma oldugunu ve baska bir dergide yayinlanmadigini ve ayni
makalenin baska bir dergiye paralel olarak gonderilmedigini garanti eder.

Yazarlar ayrica, yazinin Yayin Kurulu'nun izni olmadan baska bir yerde (International Journal
of Aeronautics and Astronautics'te yaymlandiktan sonra) hicbir dilde yayinlanmadigini ve
yayinlanmayacagini da taahhitit ederler.

Gonderilen makale bir arastirma projesi sonucuysa veya daha once bir konferansta
sunulmussa veya makaleyi destekleyen kurum veya kurulus varsa, yazarlar bu bilgiyi
Tesekkiir boliimiinde belirtmelidir.

Gonderilen makalenin etik standartlara uygun olmasimi = saglamak yazarlarin
sorumlulugundadir. Makalede yer alan bilgilerin asilsiz veya hukuka aykiri olmadigmi ve
tiglincti sahislarin haklarini ihlal etmedigini teyit eder, bu durumdan dogan her ttirlti tazminat
talebini karsilar ve yayinct hukuken sorumlu tutulamaz.

Katilimcilarin Kisisel Verilerinin Korunmasi
International Journal of Aeronautics and Astronautics, Ttrk Dergipark tarafindan kabul
edilen Kisisel Verileri Koruma Ilkerlerini kabul ederek uygulamaktadir.

Intihal

Bir bagkasmun fikirlerini, sozlerini, cimlelerini veya yaratici ifadelerini kendisininmis gibi
sunmak bilimsel etik agisindan agik bir intihaldir.

Bagka bir yazarin calismasindan belirli bir ifadeyi, agikca kaynak gostermeden, kaynagi dogru
gostermeden veya kaynag izinsiz olarak kendi calismasinda kullanmak intihal olarak kabul
edilir. Intihal oldugu tespit edilen yazarin makalesi dogrudan reddedilecektir.

Tekrar Yayin

Tekrar yayin, ayn1 makalenin veya biiyiik ¢l¢iide benzer makalelerin birden fazla dergide
yayinlanmasidir. Editor bu tiir makaleyi incelemeden geri gonderir. Bundan sonra editor,
tekrar yayina tesebbiis eden yazara belli bir stire ambargo uygulayabilir, yazarin daha 6nce
yayin yaptig1 dergide (belki de onceki makaleyi yayimnlayan derginin editorii ile eszamanh
duyuru olarak) kamuoyuna bu durumu aciklayabilir veya bu tedbirlerin hepsini birlikte
uygulayabilir.
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Ayn1 makalenin birden fazla dergiye eszamanli olarak gonderilmesi

Yazarlar ayn1 makaleyi ayn1 anda birden fazla dergiye gonderemezler. Editor, olas1 eszamanli
gonderimi 6grenirse, makaleyi alan diger editdr(ler)e danisma hakkmi sakli tutar. Ayrica
editor, makaleyi incelemeden iade edebilir veya incelemeleri dikkate almadan reddedebilir
veya bu karari ilgili diger editor(ler)le tartisarak alabilir ve yazarlardan belli bir stire makale
basvurusu kabul etmemeye karar verebilir. Ayrica yazarlarin isverenlerine yazabilir veya bu
tedbirlerin hepsini birlikte hayata gegirebilir.

Etik Ihlal Bildirimleri

Okurlar, International Journal of Aeronautics and Astronautics de yaymlanan bir makalede
onemli bir hata ya da yanlishik fark ettiklerinde ya da editoryal igerik ile ilgili (intihal,
yinelenen makaleler vb.) herhangi bir sikayetleri oldugunda ijaa@selcuk.edu.tr adresine e-
posta gondererek bildirimde bulunabilir.

Cikar catismasi
Yazarlar ¢ikar catismasi olabilecek kisi, kurum ve kuruluslar1 aciklamalidir.

Hakemlerin sorumluluklar:

Hakemler, makalenin bilimsel degeri ve orijinalligi hakkindaki tarafsiz goruislerini zamaninda
yazili olarak sunmalidir.

Hakemler, gonderilen makaleyi derginin kapsamina, konunun ozgiinltigiine, makalenin
sunumuna, bilimsel nitelik ve 6zelligine gore degerlendirir.

Hakemler etik ihlal, baska bir yerde yaymlanmis bir makale ile 6nemli benzerlik ve benzeri
durumlar tespit ettiklerinde editorii uyarmalidir.
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hakkinda bilgi verilmelidir.

Makalelerin Arastirma ve Yayin Etigine uygun oldugu belirtilmelidir.

Uluslararas: standartlara ve kurumlara atifta bulunulmalidir. Ornegin, dergilere génderilen
bilimsel makaleler, International Journal of Aeronautics and Astronautics Editors (IJAAE) ve
International Standards for Editors and Authors of COPE'nin (Committee on Publication
Ethics) tavsiyelerini dikkate almalidir.

Etik kurul izni gerektiren calismalarda, izne iliskin bilgi (kurul ads, tarih ve say1 numarasr)
yontem boliimiinde ve makalenin ilk/son sayfasinda yer almalidur.

Veri toplamada kullanilan olgekler igin olgek sahibinden izin alinmali ve makalede
belirtilmelidir.

Kullanilan fikir ve sanat eserleri icin telif haklar1 diizenlemelerine uyulmalidir.

Etik Kurul Izni Gerektiren Calismalar
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2) Insan ve hayvanlari (maddi/ veri dahil) deneysel veya diger bilimsel amaglarla kullanmak,
3) Insanlar tizerinde yapilan klinik aragtirmalar,

4) Hayvanlar tizerinde yapilan klinik arastirmalar,

5) Kisisel verilerin korunmasi kanunu uyarinca geriye dontik calismalar.
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Dear readers,

We present the 1st issue of the 6th volume of the International Journal of Aeronautics and
Astronautics (IJAA) to your appreciation and evaluation publishing it on time. Besides, as an
indicator of the increase in the scientific quality of our journal, our applications for registration
in respected academic indexes continue rapidly and we are trying to make up for our
deficiencies in this regard with great effort.

In this first issue of 2025, there are 5 important articles that we think you can benefit from.
These articles cover social and engineering issues such as Aerodynamic insights from
peregrine falcon flight using CFD: Applications in aircraft engineering, Aerodynamic
performance comparison of circular and rectangular S-ducts for aircraft intakes: A CFD study,
Analysis of a UAV propeller produced by various materials, Supersonic blowdown wind
tunnel control using ABC optimized PID controller, The impacts of the great depression on the
safety development in civil aviation: Business cycles approach. We hope that these articles
published in our journal will be of interest to you and will guide your studies.

We have published high-quality scientific studies for you in this issue and previous issues.
Our biggest goal is to increase our scientific quality in our future issues and to inform our
valuable readers about social and technological issues in the field of aviation and space
sciences. In order to achieve success in this goal, your contributions, both as writers and as
reviewer, are very important to us. I look forward to your valuable stakeholders' contributions
to us and our magazine, and on behalf of my entire magazine team, I wish you well and see
you in our next issue.

June 30, 2025
Prof. Dr. Niliifer CANOZ

XXII


https://dergipark.org.tr/en/pub/ijaa

|l
International Journal of EE

Aeronautics and Astronautics
| I AA https://dergipark.org.tr/en/pub/ijaa

e-ISSN: 2757-6574

Degerli okurlarimiz,

International Journal of Aeronautics and Astronautics (IJAA)'mn 5. cildinin 2. sayisin,
zamaninda yayimlayarak siz degerli okurlarimizin begenisine ve degerlendirmesine
sunuyoruz. Ayrica, dergimizin bilimsel kalitesinin arttiZinin gostergesi olarak saygin
akademik dizinlere kayit basvurularimiz hizla devam etmekte ve bu konudaki eksiklerimizi
biiyiik bir gayretle giderme ¢abasi icerisindeyiz.

2025 yilma ait bu birinci saymmizda, sizlerin 6nemli Olgtide faydalanabileceginizi
dustindtigtimiiz 5 6nemli makale yer almaktadir. Bu makaleler, alaca doganmin ugus
dinamiklerinden CFD ile elde edilen aerodinamik bulgular: Havacilik miihendisliginde
uygulamalar, ucak hava ali1 icin dairesel ve dikdortgen S-kanallarmin CFD ile aerodinamik
performans karsilastirmasi, gesitli malzemelerle tiretilen bir HA pervanesinin analizi, ABCile
optimize edilmis PID kontrolcii kullanarak sestistti tiflemeli riizgar ttinelinin kontroli, buiytik
buhranin sivil havacilikta emniyet gelisimine etkilerinin is dongtileri yaklasimui ile incelenmesi
gibi sosyal ve miihendislik konular1 icermektedir. Dergimizde yaymlanan bu makalelerin
ilginizi cekecegini ve sizlerin de ¢alismalariniza yon verecegini timit ederiz.

Bu saymmizda ve onceki sayilarimizda sizler i¢in yiiksek kaliteli bilimsel calismalar:
yayinladik. Gelecekteki sayilarimizda da bilimsel kalitemizi artirarak siz degerli okurlarimizi,
havacilik ve uzay bilimleri alaninda sosyal ve teknolojik konular ile bilgilendirmek en biiytik
hedefimizdir. Bu hedefimizde basariya ulasmak igin sizlerin de gerek yazar gerekse hakem
olarak saglayacaginiz katkilar bizim igin cok énemlidir. Siz degerli paydaslarimizin bizlere ve
dergimize yapacagmmiz bu katkilar1 bekliyor, tiim dergi ekibim adina sonraki sayimizda
goriismek {izere esenlikler diliyorum.

30 Haziran 2025
Prof. Dr. Niliifer CANOZ
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ABSTRACT

In this study, the aerodynamic characteristics of the peregrine falcon were analyzed using
the Computational Fluid Dynamics (CFD) method. The falcon model scaled 1:1, was
designed in SolidWorks® for both gliding and diving scenarios. Ansys Fluent® was
employed to determine the drag and lift coefficients of the bird model. Numerical analyses
were conducted at four different flow rates with Reynolds numbers ranging from 753205
to 3012821. The average drag coefficient (Cp) during diving was 0.00933, while the lift
coefficient (C.) was 0.00428, resulting in a Cp/Cy ratio 2.18. The average drag coefficient
was for gliding 0.0227, and the lift coefficient was 0.0165, with a reduced Cp/C, ratio of
1.38. Additionally, the flow structure around the bird model was examined to identify
regions where pressure-induced drag forces were significant. The study discusses potential
applications for aircraft and passive flow control components inspired by the peregrine
falcon’s superior aerodynamic features.

OZET

Bu ¢alismada, alaca doganin aerodinamik 6zellikleri Hesaplamali Akigskanlar Dinamigi
(HAD) yontemi kullanilarak analiz edilmistir. 1:1 Slgeklendirilmis dogan modeli, hem
siiziilme hem de dalis senaryolar1 igin SolidWorks®'te tasarlanmistir. Kus modelinin
stiriikleme ve kaldirma katsayilarini belirlemek i¢in Ansys Fluent® program kullanilmustir.
Sayisal analizler, 753205 ile 3012821 arasinda degisen Reynolds sayilarina sahip dort farkl:
akis hizinda gergeklestirilmistir. Dalis sirasinda ortalama siiriiklenme katsayisi (Cp)
0,00933 olurken, kaldirma katsayisi (Cr) 0,00428 olarak belirlenmis ve bunun sonucunda
Cp/C. oranmi 2,18 olmustur. Siiziilme sirasinda ortalama siiriiklenme katsayis1 0,0227 ve
kaldirma katsayist 0,0165 olarak bulunmus, Cp/C_ orani ise 1,38'e diigmiistiir. Ayrica,
basing kaynakli siiriklenme kuvvetlerinin 6nemli oldugu bdlgeleri belirlemek i¢in kus
modeli etrafindaki akig yapisi incelenmistir. Calisma, dogan kusun istiin aerodinamik
Ozelliklerinden esinlenerek ugak ve pasif akis kontrol bilesenleri igin potansiyel
uygulamalari tartigmaktadir.

* Corresponding author, e-mail: cbayindirli@ohu.edu.tr

Citation: Baywmdwli, C. 2025 Aerodynamic insights from peregrine falcon flight using CFD: Applications in aircraft
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Nomenclature

Fo Drag force, N v Kinematic viscosity, m?/s

Cop Drag coefficient p Density, kg/m?®

CL Lift coefficient CFD Computational fluid dynamics
© Trademark CAD Computer-aided design

Re Reynolds number

1. Introduction

The flying speed of birds varies depending on their species and anatomical structure. Factors that affect flying
speeds include wing shape, muscle strength, and aerodynamic design. Some bird species can reach extremely high
speeds while hunting or escaping from predators. For example, falcons and falcons can chase prey at speeds of up
to 300-320 kilometers per hour. This speed is accompanied by their sharp eyes and fast maneuvering abilities. The
peregrine falcon (Falco peregrinus) is one of the fastest birds in the world. It reaches speeds of up to 150 km/h
during horizontal flight [1] and even reaches speeds of over 320 km/h when nose-diving to attack bird prey [2].
Almost all bird species can change the shape of their wings and thus their aerodynamic properties a concept known
as the “transforming wing” [3-5]. While diving, peregrines also change the shape of their wings; as they accelerate
and move them increasingly closer to their bodies. Their various body shapes can be described as the classic
diamond shape of the wings followed by the tight vertical fold with the dimple-like profile of the forewing parts
[6-7]. Peregrines are not only extremely fast flyers, but they also have remarkable maneuverability at high speeds.
For example, during courtship behavior, they often change flight paths at the end of the dive, i.e. from a vertical
dive to a steep climb. This suggests that peregrines are exposed to high mechanical loads [8]. Among biological
systems, the superior aerodynamic structures of birds in particular have inspired researchers in this field. In one of
these studies, Bayindirli, et al. (2020) positioned the spoiler models they developed, inspired by biological systems,
in the rear section of a bus model and provided passive flow control. In this way, they achieved an improvement
of up to 19% in the Cp coefficient of the bus [14]. Yanging et al. (2023) applied grooves and protrusions on the
protective helmet and examined the effects of these methods on the Cp coefficient numerically and experimentally.
By protruding from the surface, the features make the laminar flow turbulent, allowing the flow to adhere to the
surface more, and this delays the separation of the flow and improves the pressure-induced drag force [15].

In this study, the aerodynamic properties of a peregrine falcon bird during diving and gliding and the flow structure
around the bird were examined by using CFD. Inspired by the superior aerodynamic properties of the peregrine
falcon bird, passive flow control parts will be developed for aircraft and land vehicles in future studies.

2. Material and Methods

2.1. CAD design of peregrine falcon

In this study, the aerodynamic properties of the peregrine falcon were determined numerically. In the study, a 1/1
scale bird model was drawn separately for gliding and diving situations in the SolidWorks program. Bird feathers
are important elements that increase their aerodynamic performance. Feathers direct airflow, reduce drag and
aerodynamically optimize the bird's body. In this study, the precise structure of the feathers was drawn in a
simplified manner, as it would cause mesh errors in CFD analyses. Analysis errors due to the structure of the
feathers are ignored. The bird picture in nature and drawing data of the bird model in the SolidWorks® program
are given in Figure 1a-b and 2a-b.

https://doi.org/10.55212/ijaa.1583570
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Figure la. Actual drawing data of peregrine falcon  Figure 1b. CAD drawing data of peregrine falcon at
at the moment of diving [9] the moment of diving

Figure 2a. Actual drawing data of peregrine falcon  Figure 2b. CAD drawing data of peregrine falcon at
at the moment of gliding [9] the moment of gliding [9]

2.2. Providing of similarity conditions

In aerodynamic studies, three similarity conditions (geometric, kinematic, and dynamic) must be provided. The
geometric similarity condition disregards minor surface irregularities. In order to ensure kinematic similarity in
aerodynamic studies, the blockage rate must be lower than 7.5% [10-11]. Blockage ratio is a parameter in fluid
mechanics that represents the ratio of the cross-sectional area of a model within a channel or wind tunnel to the
total cross-sectional area of the channel or wind tunnel. In this study, blockage rate was lower than 10% to provide
kinematic similarity. To ensure dynamic similarity Reynolds number independence was used in CFD analysis.
Reynolds number is a dimensionless number in fluid mechanics that indicates whether a flow is laminar or
turbulent. Reynolds number independence refers to the fact that in solving a particular flow problem, the results
do not depend on the Reynolds number at sufficiently high Reynolds number values. In this case, the behavior of
the flow does not change after a certain Reynolds number and therefore there is no need to increase the Reynolds

https://doi.org/10.55212/ijaa.1583570
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number further when performing calculations or experiments. In short, the point is reached where the fundamental
characteristics of the flow become independent of the Reynolds number.

2.3. Computational Fluid Dynamics (CFD) method

The Fluent© program used in this study solves general integral equations for continuity, momentum, energy and
turbulence based on the finite volume method. During the analysis, continuity, amount of turbulence, and
aerodynamic drag coefficient change graphs were monitored. The convergence of the solution was monitored from
the error curves convergence graph. CFD analyses were carried out in solution domain conditions where the
blocking rate was low, and the models to be analyzed were prepared in Ansys® Design Modeler, as seen in Figure
3a-b.

0,00 300,00 (mm) 0,00 300,00 (mm)
[ )
150,00 150,00
Figure 3a. Models in design modeler at the moment Figure 3b. Models in design modeler at the
of diving moment of gliding

Pressure and friction-induced drag forces acting on the peregrine falcon defined in the Fluent© program can be
calculated separately. The total aerodynamic drag coefficient (Cp) is obtained from the sum of these two forces.
Figure 4 shows the mesh structure created on the model. On the model, 2397102 triangular networks were created
for gliding and 1572108 for diving moments.

The boundaries in the solution space are defined as follows. As given in Figure 5, analysis results and convergence
chart were followed.
v"Inlet: It is the surface where the fluid enters and is defined as the constant velocity boundary condition.
v Outlet: It is the surface from which the fluid exits and is defined as the constant pressure boundary
condition.
v" Wall and road (Wall): Walls are the edge surfaces of the rectangular volume that form the experimental
area, and the wall boundary condition is used.
v" Mold cavity (Wall) belongs to the drawing data of the model vehicle. It is the vehicle whose
aerodynamic properties are determined. The wall is defined as the boundary condition.

https://doi.org/10.55212/ijaa.1583570
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WU AU i)

Figure 4a. Mesh distribution in CFD analysis for Figure 4b. Mesh distribution in CFD analysis for
diving model gliding model

1604

1e05

1] 50 100 150 200 250 300 350 400
Iterations

Figure 5. Convergence graph in CFD analysis

In computational fluid dynamics (CFD) analyses, air is designated as the fluid, and its properties, along with other
parameters used in the analysis, are detailed in Tables 1 and 2.
Table 1. Features used in the analysis

Description Value
Time Constant
Velocity Absolute
Exchange option Node-based
Fluid Incompressible air
Pressure — Speed connection Simple

Table 2. Properties of the air used in the analysis

Description Value
p Density 1 kg/m®
1 Dynamic viscosity ~ 1.560x10° kg/m.s

https://doi.org/10.55212/ijaa.1583570
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The aerodynamic drag coefficient (CD) is a function of the aerodynamic force (Fp), fluid density (p), velocity (V),
and vehicle front projection area of geometry (A) as seen in Equation 1.

_1/2,0V2A o

Fluent© program, which is used in numerical flow analysis, solves general integral equations for continuity,
momentum, energy and turbulence using the finite volume method. Continuity equation is expressed as the mass
balance in the control volume in a flow, as in Equation 2.

dp  d(pu) d(pv)  d(pw)
ot T Tox Ty tTaz 0 @)

The rate of change of momentum of a piece of fluid is equal to the sum of the forces acting on this piece of fluid.
The momentum increase rate of the unit volume of a piece of fluid in the x, y, and z directions is expressed by the
terms, respectively. The most useful version of the Navier—Stokes equations in the finite volume method is given
in Equation 3-5;

Cp

Du d
P =" £ + div(ugradu) + Sy, 3)

Dv dp . 4)
pD_t = - @ + div(ugradv) + Sy,

Dw __9P , div(ugradw) + (5)
,D Dt - aZ Mg Mz

3. Results and Discussion

3.1. Aerodynamic characteristics of the peregrine falcon during diving

Flow analyses were carried out at 4 different free-flow speeds. Dynamic similarity conditions were provided in all
analyses. According to the analysis results, the average Cp coefficient at the time of the average dive was
determined as 0.00933, and the C. coefficient was 0.00428. The distribution of the total Cp coefficient due to
pressure-friction is given in Figure 6 and Table 3. The pressure and friction distribution that creates the total drag
and lift coefficients are given in Table 4.

Table 3. Cp and Cy values of results peregrine falcon while diving

Velocity (m/s) Diving Cp Diving C. Ratio of Cp/CL
25 0.01014 0.00417 2.431
50 0.00937 0.00405 2.313
75 0.00904 0.00433 2.087
100 0.00879 0.00458 1.919
Average 0.00934 0.00428 2.179

https://doi.org/10.55212/ijaa.1583570



https://doi.org/10.55212/ijaa.1583570

IJAA 2025 Aerodynamic insights from peregrine falcon flight using CFD:

Volume 6, Issue 1 Applications in aircraft engineering
0,015 -
0,014
0,013
0,012
0,011 =
0,010 e C,
0,009 - ’\'\0\,
0,008
Q0,007
u ]

0,006 -
0,005 -
0,004 - - . "
0,003 4
0,002 4
0,001

0,000 1— . . .
25 50 75 100

Velocity
Figure 6. The graph of Cp and C, values of peregrine falcon at the moment diving

Table 4. Pressure-friction distribution of total Cpand C.

Drag Force Distribution Lift Force Distribution

Total Cp Total C.
Pressure 0.0058 57.20% Pressure 0.0042 99.68%
25M5 iction 000434 %Y 428006 Fricion -0 00041 4 3005
Pressure 0.00572 61.05% Pressure 0.00404 99.75%
SOmMS  friction 000365  °0%% 389506 Fricion  ~0 0004 9506
Pressure 0.0057 63.16% Pressure 0.0043 99.82%
s ficion 00033 0% 3684%  Fricion  ~0 00043 4 189
Pressure 0.0057 64.53% Pressure 0.0046 99.83%
00 Eriction 00031 ®%%® 354796 Friction  ~0 00045 9 179

As given in Figure 7a-c, the flow structure around birds is explained by aerodynamic principles and is one of the
fundamental elements enabling their ability to fly. The wings of birds have an aerodynamic profile (similar to
airplane wings). The upper part is generally curved, while the lower part is flatter. The angle of the wings affects
the airflow. An optimal angle of attack increases lift while minimizing drag.
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Figure 7b. Pressure contour image of the falcon bird during diving

Figure 7c. Velocity streamline image of the falcon bird during diving

During a dive, the falcon folds its wings close to its body. This reduces drag, creating an aerodynamic structure
and allowing it to reach high speeds. The wings form a narrow and thin profile, minimizing air resistance. This
position also enhances the bird's stability. The wing and tail feathers make fine adjustments to provide steering
and balance during the dive. The airflow around the bird during the dive generally remains laminar (smooth). This
reduces air resistance and enables higher speeds. At high speeds or during sudden maneuvers, turbulence may
occur, especially around the wing tips and tail. The falcon dynamically adjusts its body and wing position to keep
turbulence under control.

3.2. Aerodynamic characteristics of the peregrine falcon during gliding

The speed of the bird when gliding is much lower than when diving. Therefore, for the aerodynamic properties of
the bird to be realistic during gliding, the actual values of the bird at the moment of gliding were used as the free
flow speed. CFD analyses were carried out for this model at Reynolds numbers corresponding to 10, 20, 30, and
40 m/s speeds. The Cp coefficient of the geometric shape taken by the peregrine falcon during gliding was
determined as 0.02274. The average C. coefficient was determined as 0.01653. As seen in Table 5 and Figure 8,
pressure and viscous drag forces, which are among the forces that affect the drag force during gliding, progress
inversely proportional to the increase in speed. As the speed increases, the pressure-induced friction force
decreases and the viscous friction force also decreases.

Table 5. Cp and C. values of results peregrine falcon while gliding

Velocity (m/s) Gliding Cp Gliding CL Ratio of Cp/CL
10 0.02435 0.01431 1.701
20 0.02272 0.01544 1.471
30 0.0222 0.018 1.233
40 0.02169 0.01836 1.181
Average 0.02274 0.01653 1.375
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Table 6. Pressure-friction distribution of total Cpand C.

Drag Force Distribution

Lift Force Distribution

10 m/s

20 m/s

30 m/s

40 m/s

Total Cp
Pressure 0.01993
Friction 0.00442 0.02435
Pressure 0.0191
Friction 0.00362 0.02272
Pressure 0.0190
Friction 0.0032 0.0222
Pressure 0.0187
Friction 0.0030 0.02169

81.85%
18.15%
84.07%
15.93%
85.59%
14.41%
86.17%
13.83%

Pressure
Friction
Pressure
Friction
Pressure
Friction
Pressure
Friction

Total C.
0.0143 0.014309 99.94%
~0 0.06%
0.01544 99.99%
-0 0.015441 0.01%
0.0180 99.99%
-0 0.018001 0.01%
0.018 99.95%
-0 0.018359 0.05%

As seen in Figure 9a-c, the aerodynamic structure of a falcon during gliding allows it to conserve energy, stay
airborne for long periods, and carefully observe its prey. During gliding, the falcon spreads its wings wide. This
increases its wingspan, maximizing lift. The 'primary feathers' at the wingtips spread separately to control the
airflow. These feathers reduce turbulence at the wingtips, minimizing energy loss. The wings are positioned at an
optimal angle of attack, which increases lift while keeping drag to a minimum. The aerodynamic shape of the
wings and body during gliding ensures smooth (laminar) airflow. This reduces drag and conserves energy. While
small turbulences may form around the wingtips and tail, these are managed effectively thanks to the wing design.
Falcons utilize gravity and thermal air currents during gliding. This relates to their ability to travel long distances
without expending much energy, a flight style known as gliding flight.
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Figure 9c. Pressure streamline image of the falcon bird during gliding

The flying ability of birds is based on their perfect aerodynamic structure. This structure is important for generating
lift, reducing drag, and being able to maneuver during flight. Bird wings are optimized to create lift. The upper
surface of the wings is usually curved rather than flat; This increases the lift force by accelerating the airflow. The
lower surface of the wings is flatter and generally more curved than the upper surface. Figure10a-b impressively
explains how technology and aircraft are inspired by nature. Above is a majestic eagle in full flight, with its
streamlined body and extended wings, perfectly designed for speed, agility, and efficiency in the air. Below is the
famous camouflage bomber B-2 Spirit, whose design was inspired by the aerodynamics of the eagle.
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Figure 10a. Airplane models inspired by eagles [12] Figure 10b.Airplane models inspired by falcons [12]

Bird flight techniques have been an important source of inspiration for the aviation industry and technology
development. By studying the aerodynamic principles of birds, people have developed new approaches to aircraft
design and drone technologies. It has also contributed to important scientific research to understand the flight skills
of birds, preserve biodiversity, and improve flight and aircraft technologies.

4, Conclusion

In this study, the aerodynamic properties of the peregrine falcon bird, the fastest animal species in nature, were
examined. The geometric shape of the bird during gliding and diving was designed using CAD and flow analysis
was carried out. The Cp coefficient at the moment of diving when the bird reached its highest speed was determined
as 0.00934, the C. coefficient was determined as 0.00428, and the average Cp / Cy_ ratio was calculated as 2.179.
At the time of gliding, Cp was 0.02274, Cl was 0.01653, and the Cp / Cy_ ratio was determined as 1.375. While the
Co / C. coefficient of the peregrine falcon increased by 143.6% during gliding, the C. coefficient increased by
285.93% due to the geometric shape of the wings.
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Aerodynamic performance,

. : S-ducts are critical engine inlet components designed to optimize aerodynamics and flight
Computational fluid

dynamics performz'mce, erfhar?ce efficiency, and ensure smooth airflovy in poth aerospace 'and
Efficiency,, automotive applications. These ducts are used to direct and deliver airflow to the engine,
S-ducts improving engine performance, increasing fuel efficiency, and minimizing effects such as
turbulence. In military jets, S-ducts also serve as structures that enhance maneuverability
and absorb incoming radar waves. Additionally, by smoothing the airflow, S-ducts play a
significant role in noise reduction. However, secondary flows and flow separation can

Anahtar Kelimeler sometimes occur within S-ducts. These phenomena may negatively impact the performance
Aerodinamik performans, of S-ducts, leading to a reduction in overall flight performance.
Hesaplamal akigkanlar

In this study, 3D models of circular and rectangular S-ducts were created using

Siﬁ;;n;‘lgl SOLIDWORKS to observe variations in velocity, pressure, flow distribution, and kinetic
Verimliiik energy within ducts of different geometries. Flow analysis was carried out using the SST

k-o turbulence model in ANSYS Fluent. The analysis produced results for pressure,
velocity, and kinetic energy. The findings indicated that although the pressure and velocity
distributions were more uniform in the rectangular S-duct, the circular S-duct showed better
Production and hosting by performance in terms of pressure recovery and distortion coefficient.
Turkish DergiPark. This is
an open access article

under the CC BY-NC S-kanallar, aerodinamik ve ugus performansini optimize etmek, verimliligi artirmak ve hem
license
(https://creativecommons.o
ra/licenses/by-nc/4.0/).

OZET

havacilik hem de otomotiv uygulamalarinda diizgiin hava akig1 saglamak i¢in tasarlanmig
onemli motor giris kanallaridir. Bu kanallar, hava akigini motora yonlendirmek ve iletmek,

motor performansini iyilestirmek, yakit verimliligini artirmak ve tiirbiilans gibi etkileri en
aza indirmek i¢in kullanilir. Askeri jetlerde, S-kanallar manevra kabiliyetini artiran ve gelen
radar dalgalarin1 emebilen yapilardir. Ek olarak, S-kanallar hava akisini yumusatarak
BY__NC giiriiltiiyli azaltma da 6nemli bir rol oynar. S-kanallarda bazen ikincil akislar ve akis ayrimi
meydana gelebilir. Ikincil akislar ve akis ayrimu, S-kanallardaki performans iizerinde
olumsuz bir etkiye sahip olabilir ve bu da ugus performansinda diisiise yol acabilir.
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Bu ¢aligmada, farkli geometriye sahip kanal i¢indeki hiz, basing, akis dagilimi ve kinetik
enerji degisimlerini gézlemlemek i¢cin SOLIDWORKS kullanilarak dairesel ve dikdortgen
S-kanallar i¢in 3B modeller olusturuldu. Akis analizi, SST k-o tiirbiilans modeli
uygulanarak ANSYS Fluent programiyla gergeklestirildi. Analizlerde basing, hiz ve kinetik
enerji i¢in sonuglar elde edildi. Bulgular, dikdortgen S-kanalda basing ve hiz dagilimi daha
diizgiin olmasina ragmen, dairesel S-kanalinin basing geri kazanimi ve bozulma katsayisi
acisindan dikdortgen S-kanaldan daha iyi sonuglar verdigini gostermistir.

* Corresponding author, e-mail: mehmet.ekinci@ostimteknik.edu.tr

1. Introduction

Multiple factors such as high pressure recovery, low drag value, low radar visibility and noise level, and minimum
weight should be taken into consideration in aircraft intake design [1]. The main reason for using this component
in combat aircrafts is to reduce the radar cross-section. However, designing and configuring it to achieve this
reduction is a complex process [1]. Some aircraft feature an S-duct, an essential propulsion system component
with an S-shaped curve to direct airflow to the engine, commonly used in military aircraft like the F-22 Raptor and
certain civilian models [2]. It is important to ensure that the aircraft engine is properly supplied with air under all
flight conditions [3]. Additionally, optimum design of S-ducts requires ensuring and controlling the flow pattern
in the ducts [4]. S-ducts have also been used as a solution for positioning the central engine in tri-engine aircraft,
and most tri-engine aircraft designs favor the use of S-ducts [5]. This structure, which has rectangular and circular
inlet cross-sections, can have different turning angles and curvatures in the duct [5]. Due to the curvature in the S-
duct design, issues such as pressure gradients, secondary flows and flow separation that can affect flight
performance may occur [6]. As a key component in embedded propulsion systems, the S-duct presents particular
challenges. Flow separation within the S-duct occurs due to the curvature of the centerline and the diffusion
geometry, causing distortions and significant disruptions to the airflow [7]. As this crucial element has substantial
impacts on aircraft’s performance, there are many S-duct studies in the existing literature proposed by various
researchers. To name a few;

Rk et al. [5] performed CFD (Computational Fluid Dynamics) analyses for 3 different S-duct designs with
rectangular, circular and elliptical cross-sectional areas and proved that the duct with elliptical cross-sectional area
yields better results in automobile and other vehicle applications.

Papadopoulos et al. [8] design a CAD (Computer Aided Design) model of a S-duct to specify optimal parameters
for UAV (Unmanned Aerial Vehicle) application. In the study, the Gerlach shaped design was adopted to reduce
the strength of secondary vortices and was proved that it was a good choice. The study also shows that the axial
length should be changed to find the optimum length according to the total pressure losses. To carry out that a
commercial flow solver program was used for flow field calculation. It was explained that the design should be
tested experimentally to verify the findings of the analyses performed.

Thenambika et al. [3] performed CFD analysis for S-duct with submerged vortex generators and normal S-duct at
0.6 Mach and 1.0 Mach. It was found that the static pressure recovery would increase as the flow moved on along
the duct, except at the beginning of the S-duct. As a result of the analysis of S-duct and S-duct with submerged
vortex generators at 0.6 and 1 Mach numbers, it was concluded that the best result was obtained at 0.6 Mach
number.

Saha et al. [9] studied the effects of ducts with different cross-sectional shapes for intake using the k-¢ turbulence
model and found that the elliptically shaped inlet had the best results, while the squared shaped inlet had the worst
results in pressure recovery, loss coefficient, and flow distortion at the engine face.
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Migliorini et al. [10] represents an important step in characterizing the time-dependent disturbance under various
inlet conditions, unlike previous studies. The research evaluated the effect of the thickness and orientation of the
inlet vortices and the inlet total pressure profiles at different strengths and locations. As a result, it is suggested to
evaluate the flow disturbance characteristics of S-ducts not only under uniform inlet conditions but also under
different inlet conditions.

Xiao et al. [11] applied the lagged k-o model to investigate the flow characteristics of the diffuser in a transonic
flow. The study shows that the k- turbulence model with the addition of a lag model performs better in regions
where flow separation occurs. The objectives of the study are to model turbulent flows with strong shock wave-
boundary layer interactions more accurately and to demonstrate that a significant improvement is achieved when
the lag model is used.

Zhang et al. [12] conducted a design study using the Shear Stress Transport (SST) k-o turbulence model for
analysis. In the paper, a modified SST turbulence model is proposed and validated. The study demonstrates the
advantages of using a modified turbulence model and automatic optimization system to improve the S-duct design
process. In addition, while aerodynamic performance is increased at low velocity, high velocity performance is
decreased.

McLelland et al. [13] carried out a detailed experimental study to determine the effect of the intake flow profile
on the intake flow disturbance at the outlet of the S-duct inlet. The thickness of the boundary layer and appropriate
levels of asymmetry should be considered to ensure that the temporal and spatial characteristics of the inlet flow
are accurately represented.

Aslan [15] investigated the pressure losses and distortions along the aerodynamic interface plane and obtained
experimental results for three different mass flows in the thesis study. As the pressure loss increased with mass
flow rate, it was concluded that lip separation had a detrimental effect on aerodynamic interface distortion.
Additionally, different turbulence models were used in simulation results and compared with each other. The
Reynolds Stress Model yielded the best results. It was concluded that simulation results supported the experimental
data.

Nguyen [16] also concluded that flow separation and vortex formation occur inside the S-duct. Pressure loss
increased with increasing Mach number, leading to pressure distortions at the engine inlet. The effects of vortices
and secondary flows on flow distortion were investigated.

Chiang et al. [17] make the aerodynamic shape optimization of a boundary-layer-ingesting S-duct inlet for
subsonic UAVs with embedded engines. By reshaping the duct walls, distortion was reduced and pressure recovery
was increased.

To achieve better aerodynamic performance in S-ducts, this study investigated the effects of different jet intensities
on flow separation. Additionally, the mechanism of pulsating jets in controlling separation was analyzed through
flow separation characteristics within the S-duct. It has been observed that radial and axial pressure gradients in
S-ducts play a critical role in the formation of secondary flows, and the pulse jet is an effective control method in
weakening the flow separation. It has also been concluded that the pulse jet significantly reduces the vortex core
loss and, accordingly, increases the dispersion effect in the flow [18].

Wang et al. [19] investigated the effects of co-rotating vortex generators on the flow field in a curved duct
transitioning from elliptical to circular cross-section. Vortex generators placed on the lower surface of the first
bend slightly reduced separation length and interacted more with the upper surface of the second bend, thereby
modifying the internal pressure field and improving flow uniformity. VVortex generators placed only on the upper
surface of the second bend did not significantly change flow uniformity. Installing vortex generators on both the
lower surface of the first bend and the upper surface of the second bend improved overall flow uniformity, except
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at the upper region of the engine interface plane. Numerical simulations were performed to investigate the impact
of vortex generator placement. The study considered a baseline configuration without vortex generators and four
different layout scenarios. Placing vortex generators only on the second bend resulted in lower flow uniformity
with a DC60 value of 24.12. Placing them only on the first bend yielded better flow uniformity with a DC60 value
of 20.7. Installing vortex generators on both bends provided the best flow uniformity with a DC60 of 18.7.
However, the configuration with vortex generators on both bends significantly increased the total pressure loss.
Considering the trade-off between DC60 and total pressure recovery, placing vortex generators only on the first
bend is more advantageous, as it provides a slightly better pressure recovery with a DC60 of 20.7 compared to the
both-bends configuration.

Tanguy et al. [20] used two different S-duct configurations and experimentally measured the total pressure losses
and distortion levels. Inlets with higher curvature angles exhibited more severe total pressure distortions.

Bae et al. [21] validated the Efficient Global Method with various test functions. When applied to S-duct shape
design with two different design variables, a global minimum was searched across the design space after three
samplings. The results showed that this method is effective in identifying globally optimal solutions for complex
3D internal flow design problems.

Tanguy et al. [22] presented the effects of flow controllers (especially vortex generators) on the time-dependent
flow field at the inlet and outlet of S-ducts. It was found that total pressure loss was associated with two counter-
rotating vortices, and adding a flow controller significantly reduced the DC60 parameter with reductions up to
50% observed in some configurations. Pressure recovery increased in all cases. Moreover, increasing the angular
placement of circumferential flow controllers stabilized the flow.

D’ambros et al. [23] investigated a numerical method to reduce flow distortions and pressure losses inside an S-
duct. Vortices and pressure losses were identified as the main causes, and the aim was to reduce them. The
optimization yielded approximately a 14% reduction in pressure loss and about a 71% reduction in vortex strength.
A rectangular cross-section yielded the best result in terms of pressure loss, while a triangular section was optimal
for vortex reduction.

Furlan et al. [24] optimized the upper and lower surface curvatures of a rectangular S-duct to minimize pressure
loss and outlet distortion after selecting the appropriate turbulence model and mesh configuration. Fixed duct
length and offset constraints were used in the optimization. The findings demonstrated that the method could be
used for air intake design of engines with distributed propulsion systems.

Bhat et al. [25] compared different turbulence models available in Fluent 13.0. The performance of offset and
expanding ducts was evaluated, and the behavior of turbulence models in flow control situations using the Zero
Net Mass Flux technique was examined. It was observed that the SST k-o turbulence model yielded the best
results.

Lee et al. [26] performed CFD analysis of RAE M 2129 S-duct and investigated the effect of inlet geometry aspect
ratio. The SST k-o turbulence model was used, and the performance of the S-duct was evaluated using the
distortion coefficient. The computational results were compared with experimental data. It was found that the
semi-circular cross-section yielded the best results in all tested scenarios.

Zeng et al. [27] developed a fast and multi-objective optimization method for S-duct designs with bucket-type
inlets and outlets. The SST k-o turbulence model was used, and a simplified and efficient method was developed
to reduce computational costs in the optimization system. Compared to the original inlet, the optimized inlet
achieved an increase in pressure recovery from 97% to 97.4%, and the DC60 parameter decreased by 21.7% at the
design Mach number. The optimization objectives in this study were DC60 and total pressure recovery.
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Rider et al. [28] selected an S-duct operating at Mach 0.8. The SST k-w turbulence model was used and proved
more successful in predicting separation points compared to previous attempts. The tubercle geometry in the flow
control duct was successful in reducing or eliminating separation in the representative S-duct under transonic flow
conditions.

The aim of this study is to investigate the aerodynamic performance of S-duct geometries and to evaluate critical
performance parameters such as pressure recovery and flow distortion. In this context, a baseline S-duct design
was developed and CFD simulations were conducted to analyze the flow behavior in detail. The results obtained
provide valuable insights for designing more efficient and low-distortion inlet systems. In this context, this study
includes the flow analyses of the S-duct, which is primarily used in combat aircrafts and also designed for UAVs.
It examines two different geometric shapes under varying flight conditions, differing from previous studies and
existing S-duct designs. The analyses are conducted based on the flight conditions in which UAVs can operate.
Since it is known that values such as static pressure, turbulence and Kinetic energy directly affect flight
performance, the analysis and calculation of such values are of critical importance for flight performance.
Therefore, this study will provide insight into the performance assessment of the S-duct geometry for use in
aircrafts.

2. Material and Methods

The methodology for aerodynamic evaluation of the S-duct can be divided into five main components including
geometry parameterization, mesh deformation, flow solver, gradient computation, and the Mach number. The
Mach number is the parameter that needs to be determined to start the design and calculate the inlet area, which
was taken as 0.3 M for the analysis. The Mach number considered in this study is a value at which UAVs can fly.
With this consideration, the required velocity calculation was performed for 6000 meters, where the analysis was
conducted, and it was found to be 94.93 m/s. Subsequently, considering previous studies, the mass flow rate was
determined to be 0.281 kg/s using the interpolation method. As a result of these calculations, the inlet cross-
sectional area was determined to be 4490 mm2 using the continuity equation and the necessary parameters for the
design were obtained. CFD parameters are given in Table 1.

Table 1. CFD parameters

Parameter Value
Velocity (m/s) 94.93
Altitude (m) 6000
Density (kg/m?®) 0.66011
Mass flow rate (kg/s) 0.281
Area (m?) 0.004490
Turbulence model SST k-0

In the design procedure, S-ducts with rectangular and circular cross sectional areas were modelled using
SOLIDWORKS. All designs created for CFD analysis were then transferred to the ANSYS Fluent. To ensure a
valid performance analysis for all geometries, the inlet and outlet sectional areas were kept the same. The
turbulence model was chosen as the SST k-o turbulence model based on literature. The model can make more
accurate separation predictions compared to standard models [12].

Since a narrowing structure in the throat section of the duct, relative to the capture area (Ac), increases the flow
rate and reduces static pressure, it is an important design consideration. The contraction ratio (CR = At/Ac), which
defines the relationship between the throat area (At) and the capture area (Ac), was set to 0.75 based on previous
studies. The design was carried out accordingly [8].
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Figure 1 and Figure 2 show the rectangular and circular S-duct designs where the inlet and outlet areas are kept
the same and the duct has a narrowing structure. The bends in the duct have a radius of 80 mm, and the dimension
that the flow will follow until it turns and exits the turn is 300 mm. The rectangular S-duct has a width of 89.5 mm
and a length of 50.167 mm. The width and length of the S-duct are very important. These dimensions directly
affect the character of the air flow passing through it. Width and length play a decisive role in factors such as
pressure losses, flow separation, turbulence formation and smoothness of flow at the engine inlet. An improperly
designed duct can lead to loss of efficiency, reduced engine performance and even aerodynamic imbalances.
Therefore, both width and length should be optimized for aerodynamic performance.

300,00

Figure 1. Rectangular S-duct design

Figure 2. Circular S-duct design

Figures 3, 4, 5, 6, 7 and 8 show the mesh network applied to the considered S-duct geometries. After the design
was completed, the analyses were performed. For circular and rectangular sections, the mesh size was 5 mm, edge
sizing was given to the inlet and outlet parts of the geometries, and then the mesh network was created using the
inflation command.
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Figure 3. Rectangular S-duct meshing

Figure 4. Rectangular S-duct meshing

Figure 5. Rectangular S-duct meshing section views
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Figure 6. Circular S-duct meshing

Figure 7. Circular S-duct meshing

Figure 8. Circular S-duct meshing section views

The critical parameters obtained for the rectangular and circular S-ducts as a result of the mesh convergence
examination are presented in Table 2 and 3, respectively.

20
https://doi.org/10.55212/ijaa.1636652



https://doi.org/10.55212/ijaa.1636652

Aerodynamic performance comparison of circular and rectangular S-

1JAA 2025
ducts for aircraft intakes: A CFD study

Volume 6, Issue 1

Table 2. Mesh convergence for rectangular S-duct
Distortion Coefficient (DC60) Pressure Recovery (PR)

Mesh size (mm)
7 0.06946 0.6931
6 0.06893 0.6983
5 0.06875 0.6986

Table 3. Mesh convergence for circular S-duct
Distortion Coefficient (DC60) Pressure Recovery (PR)

Mesh size (mm)
7 0.06299 0.7559
6 0.06297 0.7565
5 0.06286 0.7589

The number of elements, skewness ratio and orthogonal quality for each geometry are provided in Table 4. Mesh
quality is assessed by orthogonal quality and skewness values. When the results obtained above are compared with
the mesh metric visual provided in Figure 9, which shows that the mesh quality is within the appropriate intervals.

Table 4. Mesh metrics

Rectangular Duct Circular Duct

Duct Geometry/Mesh Parameter
Number of Elements 261367 197413

Max: 0.79823 Max: 0.7954
Min: 8.8669e-005 Min: 5.9588e-004
Skewness Average: 0.22668 Average: 0.22583

Max: 0.99685 Max: 0.2046

. Min: 0.20177 Min: 0.11662
Orthogonal Quality Average: 0.77204 Average: 0.77287

Skewness mesh metrics spectrum

Acceptable Bad Unacceptable

Excellent Very good Good
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00
Orthogonal Quality mesh metrics spectrum
Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00

Figure 9. Mesh metrics spectrum [14]
3. Results

In this section, static pressure, velocity and turbulence kinetic energy contours are given for circular and

rectangular ducts, respectively, and are interpreted separately.
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Figure 10. Rectangular S-duct static pressure contour

0 0.100 0.200 (m)
1
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Figure 11. Circular S-duct static pressure contour
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Figure 12. The pressure distribution for both S-ducts at a distance of 160 millimeters downstream of the
duct exit
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Figure 13. The pressure distribution for both S-ducts at a distance of 60 millimeters downstream of the
duct exit

Energy consumption and stress on the system increase with high static pressure. Increased stress can damage the
duct and the structures connected to the duct. At the same time, it is possible to say that the irregularities and
turbulence in the flow increase at high stress values according to the distribution on the duct geometry. These
irregularities and turbulence in the flow create a negative effect aerodynamically during the flight time. It is shown
in Figure 10 and 11 that the maximum static pressure on the circular S-duct was found to be 2.350e+03 Pa, while
the maximum static pressure on the rectangular S-duct was 1.798e+03 Pa. The pressure distributions for both S-
ducts at distances of 60 millimeters and 160 millimeters downstream of the duct exit are shown in Figure 12 and
13. As a result of this analysis, the static pressure distribution of the rectangular duct is more efficient than the
circular duct and the maximum static pressure value is much lower which is preferable.
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Figure 14. Rectangular S-duct velocity contour
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Figure 15. Circular S-duct velocity contour
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Figure 15. Circular S-duct velocity contour

Figure 16. Detailed velocity contour and vector inlet view of the rectangular S-duct
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Figure 18. Detailed velocity contour and vector second curve view of the rectangular S-duct

Figure 19. Detailed velocity contour and vector outlet view of the rectangular S-duct
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Figure 20. Detailed velocity contour and vector inlet view of the circular S-duct

Figure 21. Detailed velocity contour and vector first curve view of the circular S-duct

Figure 22. Detailed velocity contour and vector second curve view of the circular S-duct
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Figure 23. Detailed velocity contour and vector outlet view of the circular S-duct
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Figure 24. The velocity distribution for both S-ducts at a distance of 160 millimeters downstream of the
duct exit
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Figure 25. The velocity distribution for both S-ducts at a distance of 60 millimeters downstream of the
duct exit
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Figure 14 and 15 show that the maximum airflow velocity inside the circular S-duct was 1.628e+02 m/s, while the
maximum velocity value was obtained as 1.565e+02 m/s inside the rectangular S-duct. In the rectangular S-duct,
the wall effect is high and the boundary layer thickness increases at the corners, which creates additional friction
in the flow. This explains why the velocity in the rectangular S-duct is lower than that in the circular S-duct.

Comparing the corresponding pressure contours in Figure 10 and 11, and airflow velocity contours in Figure 14
and 15 reveal that pressure decreases in areas where velocity increases and velocity increases in areas where
pressure decreases.

The detailed velocity contour and velocity vectors are shown in Figure 16 to 23. Also, velocity distributions for
both S-ducts at a distance of 60 millimeters and 160 millimeters downstream of the duct exit are shown in Figure
24 and Figure 25. For both S-ducts, there was an increase in velocity in the concave regions. For circular S-ducts,
in Figure 24 and Figure 25 the flow appears mostly homogeneous; although there are slightly lower velocities at
the center, overall circular symmetry is maintained. The two small low-velocity regions at the center may indicate
the presence of secondary flow effects. A distinct low-velocity region has formed at the center, which may indicate
that the flow has shifted outward from the center. Such a profile is typically associated with flow separation and
the intensification of secondary flows. S-ducts that have two non-planar bends may increase pressure gradients.
Especially in the concave surfaces, the flow was directed toward the walls due to centrifugal effects. This results
in lower velocities at the center and higher velocities near the outer edges. The vortex pairs developing within the
duct may cause the flow to be directed toward specific regions. This becomes more pronounced toward the outlet
and results in low-velocity regions at the center and high-velocity rings near the edges. The velocity profile
observed for the rectangular S-duct is a conventional velocity profile (see Figure 24 and 25).

.668¢e
5.353e+01
4.038e+01
2.723e+01
1.407e+01

9.220e-01
[MA2 $7-2]

0 0.100 0.200 (m)
0.050 0.150

Figure 26. Rectangular S-duct turbulent kinetic energy contour
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Figure 27. Circular S-duct turbulent kinetic energy contour
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Relatively low turbulent kinetic energy reduces the energy loss and drag force in the system. As the drag force in
the system decreases, flight becomes more efficient in terms of reduced fuel consumption. However, if relatively
high turbulent kinetic energy is carried in turbulent flows, it is likely that the turbulent kinetic energy distribution
becomes crucial in the components used for propulsion system applications such as S-duct. Figure 26 and 27 show
that the maximum turbulent kinetic energy value in the circular S-duct was around 1.573e+02 m2/s2, while the
maximum turbulent Kinetic energy value in the rectangular S-duct was attained as 1.324e+02 m2/s2. This analysis
proved that the turbulent kinetic energy distribution of the rectangular duct seems to be more efficient than the
circular duct.

Table 5 briefly summarizes the overall CFD results. It can be stated that the maximum static pressure of the
rectangular S-duct is lower and better distributed than the circular S-duct. The maximum value of the turbulent
kinetic energy is lower in the rectangular S-duct than in the circular S-duct. It was also observed that the
distribution of turbulent kinetic energy is uniform for the rectangular S-duct.

Table 5. CFD analysis results

Duct Geometry/Analysis Result Rectangular Duct Circular Duct
. Max: 1.798e+03 Max: 2.350e+03

Static Pressure (Pa) . .
Min: -5.420e+03 Min: -6.443e+03
. Max: 1.585e+02 Max: 1.628e+02

Velocity (m/s) . .
Min: 0 Min: 0

L Max: 1.324e+02 Max: 1.573e+02

Turbulent Kinetic Energy (m?/s?) i i
Min: 9.220e-01 Min: 7.954e-01
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4. Conclusion

In this study, the aerodynamic performance of circular and rectangular S-ducts is investigated under the specified
flight conditions. Two different models were designed in SOLIDWORKS to analyze certain parameters, including
static pressure, airflow velocity, and turbulent kinetic energy, using ANSYS Fluent.

As a result of the series of analyses, the concluding remarks can be outlined as follows;

e The rectangular S-duct performs better in terms of static pressure compared to the circular S-duct. A decrease
in static pressure reduces energy consumption and system stress, thereby improving overall efficiency.

e On the other hand, increased, non-uniform static pressure and turbulent Kinetic energy increase vibration and
noise in the system.

e Although the pressure and velocity distribution is more uniform in the rectangular S-duct, the circular S-duct
performs better compared to the rectangular S-duct in terms of pressure recovery and distortion coefficient.

e The velocity profile observed in the circular S-duct may be caused by factors such as geometric curvatures,
pressure gradients and wall effects, vortex formation, and secondary flows.

Future Research

Within the scope of this study, basic geometries were considered and analyses were performed. In the continuation
of the study, different optimized geometries used in practice will also be analyzed. Moreover, the numerical
analysis results, in this article, could not be verified due to lack of experimental data. As the authors cannot validate
it with experimental data, in order to ensure the reliability of the results, the numerical analysis results will be
validated by experimental study results in future studies.

Acknowledgment

This article was developed by expanding and partially modifying the content of the paper entitled 'Comparative
Analysis of Circular and Rectangular S-Ducts: Optimising Aerodynamic Performance and Flow Efficiency using
CFD Modelling," which was presented orally at the ICAA’24 International Conference of Aeronautics and
Astronautics Symposium; however, the full-text was not published.

Authorship contribution statement
Mehmet Turan Ekinci, Conceptualization, Software, Data curation, Writing — original draft. Mahmut Sami
Biiker, Conceptualization, Writing — review & editing, Supervision.

Conflicts of Interest: The author declares no conflict of interest.
References

[1] Aref, P., Ghoreyshi, M., Jirasek, A. and Satchell, M. J. 2018. CFD validation and flow control of RAE-M2129
S-Duct diffuser using CREATETM-AV kestrel simulation tools. Aerospace, 5(1), 31.

[2] Meneghin, A. 2020. “Three-objective optimization studies of an S-duct”. M.Sc. thesis, Universita degli Studi
di Padova, Dipartimento di Ingegneria Industriale, Padova, Italy, 1-122.

[3] Thenambika, V., Ponsankar, S., and Prabhu, M. K. 2016. Design and flow analysis of S duct diffuser with
submerged vortex Generators. International Journal of Engineering Research and Applications, 6(2), 79-84.

31
https://doi.org/10.55212/ijaa.1636652



https://doi.org/10.55212/ijaa.1636652

IJAA 2025 Aerodynamic performance comparison of circular and rectangular S-
Volume 6, Issue 1 ducts for aircraft intakes: A CFD study

[4] Immonen, E. 2018. Shape optimization of annular S-ducts by CFD and high-order polynomial response
surfaces. Engineering Computations, 35(2), 932-954.

[5] Rk, A. 2021. CFD Investigation on the Circular Rectangular and Ellipse shape on the Aerodynamics in S-
Duct. International Research Journal of Engineering and Technology (IRJET), 08(04), 2051-2059.

[6] Lee,J., and Cho, J. 2018. Effect of aspect ratio of elliptical inlet shape on performance of subsonic diffusing
S-duct. Journal of Mechanical Science and Technology, 32, 1153-1160.

[7] Jiang, F., Kontis, K., and White, C. 2024. Numerical investigation and mode analysis of the S-duct. Physics
of Fluids, 36(11), 115150.

[8] Papadopoulos, F., Valakos, I., and Nikolos, I. K. 2012. Design of an S-duct intake for UAV applications.
Aircraft Engineering and Aerospace Technology, 84(6), 439-456.

[9] Saha, K., Singh, S. N., Seshadri, V., and Mukhopadhyay, S. 2007. Computational analysis on flow through
transition S-diffusers: Effect of inlet shape. Journal of aircraft, 44(1), 187-193.

[10] Migliorini, M., Zachos, P. K., MacManus, D. G., and Haladuda, P. 2023. S-duct flow distortion with non-
uniform inlet conditions. Proceedings of the Institution of Mechanical Engineers, Part G: Journal of
Aerospace Engineering, 237(2), 357-373.

[11] Xiao, Q., Tsai, H. M., and Liu, F. 2003. Computation of Transonic Diffuser Flows by a Lagged k-? Turbulence
Model. Journal of propulsion and power, 19(3), 473-483.

[12] Zhang, J. M., Wang, C. F., and Lum, K. Y. 2008. Multidisciplinary design of S-shaped intake. 26th AIAA
Applied Aerodynamics Conference, 18-21 August, Honolulu, Hawaii.

[13] McLelland, G., MacManus, D. G., Zachos, P. K., Gil-Prieto, D., and Migliorini, M. 2020. Influence of
upstream total pressure profiles on S-duct intake flow distortion. Journal of Propulsion and Power, 36(3),
346-356.

[14] Novia, P., Asngali, B., Susanto, A., Adzandy, R., and Purnomo, H. 2023. COMPUTATIONAL FLUID
DYNAMIC (CFD) SIMULATION ON REDESIGN BAFFLES OF YOGYAKARTA INTERNATIONAL
AIRPORT TRAIN FUEL TANK. Media Mesin: Majalah Teknik Mesin, 24(1), 1-24.

[15] Aslan, S. 2017. “Experimental and Numerical Investigation of an S-Duct Diffuser Designed for a Micro
Turbojet Engine Powered Aircraft ”. M.Sc. thesis, Middle East Technical University, Graduate School of
Natural and Applied Sciences, Ankara, Turkey.

[16] Nguyen, S. 2013. “Computational fluid dynamics simulations of a diffusing S-duct using overset grids”. Ph.D.
thesis, California State University, Los Angeles, USA.

[17] Chiang, C., Koo, D., and Zingg, D. W. 2022. Aerodynamic shape optimization of an S-duct intake for a
boundary-layer ingesting engine. Journal of Aircraft, 59(3), 725-741.

[18] Wang, C., Lu, H., Kong, X., Wang, S., Ren, D., and Huang, T. 2023. Effects of Pulsed Jet Intensities on the
Performance of the S-Duct. Aerospace, 10(2), 184.

[19] Shivakumar, B. B., Narahari, H. K., Jayasimha, P., and Sriram, A. T. 2023. Numerical study on the placement
of vortex generator in a serpentine air intake duct. Sadhana, 48(2), 81.

[20] Tanguy, G., MacManus, D. G., Garnier, E., and Martin, P. G. 2018. Characteristics of unsteady total pressure
distortion for a complex aero-engine intake duct. Aerospace Science and Technology, 78, 297-311.

[21] Bae, H., Park, S., and Kwon, J. 2013. Efficient global optimization for S-duct diffuser shape design.
Proceedings of the Institution of Mechanical Engineers, Part G: Journal of Aerospace Engineering, 227(9),
1516-1532.

[22] Tanguy, G., MacManus, D. G., Zachos, P., Gil-Prieto, D., and Garnier, E. 2017. Passive flow control study
in an S-duct using stereo particle image velocimetry. AIAA journal, 55(6), 1862-1877.

32
https://doi.org/10.55212/ijaa.1636652



https://doi.org/10.55212/ijaa.1636652

IJAA 2025 Aerodynamic performance comparison of circular and rectangular S-
Volume 6, Issue 1 ducts for aircraft intakes: A CFD study

[23] D’ambros, A., Kipouros, T., Zachos, P., Savill, M., and Benini, E. 2018. Computational design optimization
for S-ducts. Designs, 2(4), 36.

[24] Furlan, F., Chiereghin, N., Kipouros, T., Benini, E., and Savill, M. 2014. Computational design of S-Duct
intakes for distributed propulsion. Aircraft engineering and aerospace technology: an international journal,
86(6), 473-477.

[25] Bhat, S. P., and Sullerey, R. K. 2013. An assessment of turbulence models for S-duct diffusers with flow
control. Gas Turbine India Conference, 5 December, 35161, Bangalore, Karnataka, India.

[26] Lee, J., Choi, H., Ryu, M., and Cho, J. 2015. A Study on Flow Characteristics of the Inlet Shape for the S-
Duct. Journal of the Korean Society for Aeronautical & Space Sciences, 43(2), 109-117.

[27] Zeng, L., Pan, D., Ye, S., and Shao, X. 2019. A fast multiobjective optimization approach to S-duct scoop
inlets design with both inflow and outflow. Proceedings of the Institution of Mechanical Engineers, Part G:
Journal of Aerospace Engineering, 233(9), 3381-3394.

[28] Rider, C. S. 2021. “Passive Flow Control in an S-duct Intake”. M.Sc. thesis, Royal Military College of
Canada, Applied Science in Aeronautical Engineering, Ontario, Canada

33
https://doi.org/10.55212/ijaa.1636652



https://doi.org/10.55212/ijaa.1636652

P Al e b -
C ATIONAL JOURNAL OF

INTERN;
ﬁ AERONAUTICS AND
ASTRONAUTICS

TJAA e hugsknsons

International Journal of

Aeronautics and Astronautics
https://dergipark.org.tr/en/pub/ijaa

IJAA

2025, VOL.:6, ISS:1, 34-43 e-ISSN: 2757-6574

Research Article / Arastirma Makalesi

Analysis of a UAV propeller produced by various materials / Cesitli malzemelerle iiretilen bir
THA pervanesinin analizi

Siireyya Seving Varol'", © Mehmet Emin Cetin?, © Mesut Uyaner?, © Bilge Albayrak Ceper!

1Department of Astronautical Engineering, Faculty of Aeronautics and Astronautics, Erciyes University, Kayseri, Tiirkiye

2Department of Aeronautical Engineering, Faculty of Aeronautics and Astronautics, Necmettin Erbakan University,

Konya, Tiirkiye

Received
December 27, 2024

Revised
March 19, 2025

Accepted
April 6, 2025

Keywords
CFRP,

Deformation,
PLA,

Stress Analysis,
UAV Propeller

Anahtar Kelimeler
CFRP,
Deformasyon,
PLA,

Gerilme Analizi ,
[HA Pervanesi

Production and hosting by
Turkish DergiPark. This is
an open access article
under the CC BY-NC
license
(https://creativecommons.o

rg/licenses/by-nc/4.0/).

ABSTRACT

Recently, Unmanned Aerial Vehicle (UAV) systems have started to attract great interest
worldwide. With the orientation of the technology sector to this field, studies on UAV
systems have gained momentum. Propellers, which are an important part of UAV systems,
are of great importance to the propulsion system of the aircraft. Deformations that may
occur, especially in propellers that are expected to have high strength, greatly affect flight
safety. In this study, a two-bladed propeller model measuring 12 inches was created. The
deformations caused by applying force to the created propeller model were examined. In
this study, CFRP (Carbon Fiber Reinforced Polymer) and PLA (Polylactide Acid) materials
were preferred. The mechanical properties of materials are defined in the ANSYS program.
As aresult of the force applied to the propeller model, the amounts of deformation occurring
in CFRP and PLA materials have been obtained. At the end of the study, the difference
between the properties of the two materials was discussed.

OZET

Son zamanlarda insansiz Hava Araci (IHA) sistemleri diinya capinda biiyiik ilgi gérmeye
baslamistir. Teknoloji sektdriiniin bu alana yonelmesiyle IHA sistemleri {izerine ¢alismalar
hiz kazanmustir. THA sistemlerinin 6nemli bir parcasi olan pervaneler, ugagi tahrik sistemi
icin biiyilk 6nem tagimaktadir. Ozellikle yiiksek mukavemete sahip olmasi beklenen
pervanelerde olusabilecek deformasyonlar ugus giivenligini bilyiikk olclide etkiler. Bu
calismada 12 ing¢ Olgiilerinde iki kanatli pervane modeli olusturulmustur. Olusturulan
pervane modeline kuvvet uygulanmasiyla olusan deformasyonlar incelenmistir. Bu
calismada CFRP (Karbon Fiber Takviyeli Polimer) ve PLA (Polilaktik Asit) malzemeler
tercih edilmistir. Malzemelerin mekanik 6zellikleri ANSYS programinda tanimlanmigtir.
Pervane modeline uygulanan kuvvet sonucunda CFRP ve PLA malzemelerinde meydana
gelen deformasyon miktarlart belirlenmistir. Calismanin sonunda iki malzemenin
ozellikleri arasindaki fark tartigilmigtir.
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1. Introduction

Propeller propulsion system in aircraft is of great importance as it affects parameters such as flight range, duration
and power consumption [1]. These subsystems, which provide acceleration of aircraft, can be subjected to high
stress instantaneously. Due to the shape of the propeller blades, accurate calculation of the stresses is very difficult
[2]. Determining where and how much stress under a certain force at the propeller is important for propeller
performance. In addition, propellers must be manufactured in such a way that they can withstand these loads to be
used safely. Different materials are used to produce high-strength propellers depending on the area of use.

There are many studies in the literature on the strength of different materials. Yeh (2020) printed PLA and Carbon
Fiber Composite materials with Fused Deposition Modeling (FDM) method. Standard tests were applied on the
models created. As a result of the tests, Carbon Fiber Composite material was found to be six times more durable
than PLA [3]. Ramesh et al. (2020) compared the strength of propellers modeled with Carbon Fiber Reinforced
Polymer (CFRP) and Glass Fiber Reinforced Polymer (GFRP) materials. In addition, material optimization was
performed using two advanced numerical methodologies (Fluid-Structure Interaction (FSI) and Moving Reference
Frame (MRF)). At the end of the study, it was found that the strength of GFRP material was higher [4]. Jayakumar
et al. (2024) designed a drone with a coaxial propeller in their study. The propeller designed in the study was
modeled with CFRP, GFRP and titanium materials. Numerical analysis of the modeled propellers was performed
and material strengths were compared. As a result of the comparison, titanium material has lower total deformation,
normal and equivalent stress. In the light of the data obtained, titanium material was found to have the best
performance [5]. Uddin et al. (2021) compared Nickel Aluminum Bronze (NAB) and composite (CFRP and
GFRP) materials on a ship propeller. Maximum principal stress, maximum principal strain, equivalent stress,
equivalent strain values were calculated with structural analysis. As a result of the study, it was observed that the
deformation amount of CFRP material was lower compared to other materials [6]. Siddarth et al. (2023) compared
CFRP and GFRP materials. As a result of the study, it was observed that GFRP material deformed more than
CFRP material. Considering the strength and thermal properties, it was concluded that CFRP material is more
preferable than GFRP [7]. Arivalagan et al. (2023) performed structural analysis on turbine blades produced by
3D printing method. In the study, the structural properties of PLA and ABS (Acrylonitrile Butadiene Styrene)
materials were compared. As a result of the study, PLA material was found to have better structural properties
compared to ABS [8].

In this study, the stresses on a two-blade UAV propeller made from CFRP and PLA materials were investigated
and the material strengths were compared. The new propeller model was designed and the materials were defined
as anisotropic materials. By defining the materials as anisotropic, the results are aimed to be close to reality. During
this investigation, SolidWorks software was used for propeller design and ANSYS software was preferred for
mechanical analysis.

2. Material and Methods

2.1. Materials

Composite materials are lightweight and durable materials obtained by combining different materials and used in
various sectors. These materials consist of matrices and fibers in matrices. Matrices are used to maintain geometric
order and transfer the load acting on the material to the fibers [9]. Composites have many advantages which are
high impact resistance, high thermal resistance and high wear resistance [10]. For these reasons, composite
materials are widely used in many industries such as aerospace, automotive, construction and sporting goods. For
the CFRP material properties given in Table 1, Ref. [11] was utilized.
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Table 1. Material properties of CFRP

Properties Values
Density (p)(kg/m?) 1600
Young’s Modulus Ex (GPa) 120
Young’s Modulus Ey (GPa) 10
Young’s Modulus Ez (GPa) 10
Poisson’s Ratio NUxy 0.16
Poisson’s Ratio NUyz 0.2
Poisson’s Ratio NUzx 0.16
Rigidity Modulus Gxy (GPa) 5.2
Rigidity Modulus Gyz (GPa) 3.8
Rigidity Modulus Gzx (GPa) 6

PLA is a thermoplastic polymer derived from biodegradable and renewable resources. It is usually obtained by
polymerization of lactic acid produced from plant sources such as corn starch or sugar cane [12]. This way, PLA
is considered an environmentally friendly material and is seen as a potential alternative to replace traditional
petroleum-derived plastics. PLA has the advantages of light weight, biocompatibility and good mechanical
properties [13]. For the PLA material properties given in Table 2, Ref. [14] was utilized.

Table 2. Material properties of PLA

Properties Values
Density (p)(km/m®) 1.24
Please check Young’s Modulus Ex (MPa) 2444
Young’s Modulus Ey (MPa) 2864
Young’s Modulus Ez (MPa) 2864
Poisson’s Ratio NUxy 0.35
Poisson’s Ratio NUyz 0.35
Poisson’s Ratio NUzx 0.35
Rigidity Modulus Gxy (MPa) 1040
Rigidity Modulus Gyz (MPa) 1040
Rigidity Modulus Gzx (MPa) 1040
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2.2. Methods

2.2.1. Propeller design

In this study, the behavior of a UAV propeller with different materials defined under a certain force is investigated.
Within the scope of the study, an original design was used in the propeller model. NACA 2412 was used as the
airfoil structure in the propeller. The airfoil structure is given in Figure 1. The propeller is modeled as a 12 inch
long UAV propeller in SolidWorks program. The model consists of 5 stations. The airfoil angle at each station is
14, 37, 34, 20 and 5 degrees from root to tip, respectively. The propeller model is given in Figure 2.

Figure 1. The appearance of the NACA 2412 airfoil used

Figure 2. The designed propeller model

2.2.2. Structural analysis

ANSYS software was used for numerical analysis. The mechanical properties of CFRP and PLA materials were
defined in the program. A 10 mm mesh was placed on the propeller model. In order to determine the optimum
element size, analyses were performed with mesh models of 5 mm, 8 mm, 10 mm, 12 mm, 15 mm and 18 mm
using CFRP material. The results obtained are given in Table 3. When the results were examined, it was seen that
the values were close to each other and it was decided to use 10 mm mesh size for the analysis. The mesh model
is shown in Figure 3.
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Table 3. Analysis results according to mesh sizes

Properties 5mm 8 mm 10 mm 12 mm 15mm 18 mm

Total Deformation (mm) 160.54 160.55 160.33 160.52 160.49  160.49

Directional Deformation (mm) 83.811 83.763 83.737 83.806 83.803  83.803

Equivalent Elastic Strain

0.040063 0.040068 0.040076  0.04005  0.04008 0.04008
(mm/mm)

Maximum Shear Elastic Strain

0.043479 0.043484 0.043498 0.043502 0.04351 0.04351
(mm/mm)

Equivalent Stress (MPa) 362.13 362.23 362.24 361.91 32.29 362.29

Maximum Shear Stress (MPa) 182.06 182.06 182.09 182.03 182.1 182.1

ox gw 100,00 (rmen) ¢ I

5.0 ™00

Figure 3. The mesh model on the propeller

On the model, the fixed part is defined as the propeller hub and the parts to be applied force are defined as the
propeller blades. After the necessary definitions were made, force was applied on the blades. The forces are applied
to the midpoints of the propeller blades. The fixed part on the propeller and the applied forces are shown in Figure
4 and Figure 5. The amount of force to be applied to the propeller blades was defined as appropriate for an airplane
requiring 0.3 kgf (2.941995 N) thrust.
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Qo Q‘W 102,00 (mem)
B .00

Figure 4. The part that is considered fixed on the propeller

00 g 100,00 (mm)
00 7,00

Figure 5. Forces applied to the propeller blades

3. Results

In this study, a propeller with NACA 2412 airfoil structure is designed. Structural analysis of the propeller with
CFRP and PLA materials was performed with ANSYS program. The analysis results are given separately for
CFRP and PLA materials.

3.1. Structural analysis — CFRP

The deformation of the propeller in the direction of the applied force is shown in Figure 6 and Figure 7. Figure 6
shows the total deformation of the CFRP material and Figure 7 shows the maximum shear stress. Total
deformation, directional deformation, equivalent elastic strain, maximum shear elastic strain, equivalent stress and
maximum shear stress values obtained from the analysis are given in Table 3.
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L) %ﬂ lgﬂ(ww

.0 .00

Figure 6. Total deformation of CFRP

g

0w gﬂ 100,00 (mn)
nee nee
Figure 7. Maximum shear stress of CFRP

3.2. Structural analysis — PLA

The deformation of the propeller with PLA material is shown in Figure 8 and Figure 9. Figure 8 shows the total
deformation of the PLA material and Figure 9 shows the maximum shear stress. Total deformation, directional
deformation, equivalent elastic strain, maximum shear elastic strain, equivalent stress and maximum shear stress
values obtained from the structural analysis are given in Table 4.

0® |gﬂ 200,00 (mem)

e LRl

Figure 8. Total deformation of PLA
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L 100.00 ){Tlerm'p
900 15000

Figure 9. Maximum shear stress of PLA

Table 4. Analysis results for CFRP and PLA

Material CFRP PLA
Total Deformation (mm) 160.33 543.89
Directional Deformation (mm) 83.737 285.62
Equivalent Elastic Strain (mm/mm) 0.040076 0.1193
Maximum Shear Elastic Strain (mm/mm) 0.043498 0.17168
Equivalent Stress (MPa) 362.24 350.11
Maximum Shear Stress (MPa) 182.09 179.45

Table 4 shows that the total deformation of PLA is 3.39 times the total deformation of CFRP. PLA’s directional
deformation is 3.41 times, equivalent elastic strain is 2.98 times and maximum shear elastic strain is 3.95 times
that of CFRP. For equivalent stress and maximum shear stress, the values are close to each other.

4. Conclusion

In this study, a 0.3 kgf (2.941995 N) thrust force was applied to a propeller model with different materials and the
amount of deformation on the propeller was investigated. As a result of the structural analysis, Total Deformation,
Directional Deformation, Equivalent Elastic Strain, Maximum Shear Elastic Strain, Equivalent Stress and
Maximum Shear Stress values were obtained. When the values obtained were analyzed, it was seen that PLA
material was deformed more than CFRP material. In addition, when the stress on both materials was compared, it
was found that the CFRP material was subjected to more stress. As a result of the study, CFRP material was found
to be approximately 3.4 times more durable than PLA material and this result was found to be compatible with the
studies in literature. It is also concluded that the deformation amounts of the materials have large values compared
to the applied force. The reason for this is thought to be that the propeller model design does not have sufficient
thickness for the materials used. As a suggestion to this, an optimization study using a different airfoil structure is
aimed to be carried out in future studies.
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ABSTRACT

Supersonic blowdown wind tunnels enable the testing of aircraft prototypes in the Mach
1.2 to 5 range, but these tunnels allow very limited test times due to their structure. In
addition, once the wind tunnel system starts operating, the pressure in the tank where the
air is stored changes constantly. This means that the parameters of the already nonlinear
system dynamics are continually changing. To utilize this time effectively, fast-responding,
stable and highly efficient controllers are needed. These controllers should be able to
provide the required pressure in the settling chamber as fast as possible for the desired flow
conditions in the test section. In these types of testbeds, Proportional-Integral-Derivative
(PID) controllers are widely used because of their reliability, simplicity and ease of
implementation. PID controllers can also provide fast and stable responses, as they can
reduce the error, eliminate the steady-state error, and minimize the overshoot and
oscillations. PID controllers only require the measurement of the error and the tuning of the
coefficients, which can be performed manually or automatically. For a PID controller it is
essential to optimize its coefficients to achieve the best performance and stability. There
are different methods to tune a PID controller, such as trial and error, Ziegler-Nichols
method, Cohen-Coon method, and optimization algorithms. This study proposes the use of
an artificial bee colony in the optimization of PID coefficients used in the control of a
supersonic blowdown wind tunnel. Because of complexity, an artificial bee colony is used
to optimize PID coefficients with three different objective functions. The optimized
coefficients are compared to gradient optimization results, and the best approach is
determined.

OZET

Sesiistii iiflemeli riizgar tiinelleri, Mach 1,2 ila 5 aralifinda ugak prototiplerinin test
edilmesini saglar, ancak bu tiineller yapilar1 nedeniyle ¢ok sinirli test siirelerine izin verir.
Ayrica riizgar tiineli sisteminin ¢alismaya baslamasiyla birlikte havanin depolandigi tankin
basinct siirekli olarak degismektedir. Bu da zaten dogrusal olmayan sistem dinamiginin

control using ABC optimized PID controller, International Journal of Aeronautics and Astronautics, 6(1), 44-55.
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parametrelerinin siirekli olarak degismesi anlamina gelmektedir. Bu problemlerle etkin bir
sekilde basa cikabilmek i¢in hizli tepki veren, kararli ve yiiksek verimli kontrolciilere
ihtiyag vardir. Bu kontrolciiler, test boliimiinde istenen akig kosullart i¢in dinlenme
odasinda gerekli basmnci miimkiin olan en hizli sekilde saglayabilmelidir. Bu tiir test
yataklarinda giivenilirlikleri, basitlikleri ve uygulama kolayliklart nedeniyle Orantisal-
Integral-Tiirevsel (PID) kontrolciiler yaygin olarak kullanilmaktadir. PID kontrolciiler
kararli durum hatasini ortadan kaldirabilmeleri, asim ve salinimlar1 en aza indirebilmeleri
gibi ozellikleri ile hizli ve kararli yanitlar saglayabilirler. PID kontrolciileri yalnizca hatanin
Ol¢iilmesini ve katsayilarin ayarlanmasini gerektirir, bu da manuel veya otomatik olarak
yapilabilir. Bir PID kontroliinde en iyi performansi ve kararlihigi elde etmek icin
katsayilarmi optimize etmek ¢ok 6nemlidir. Katsayilari belirlemek i¢in Ziegler-Nichols
yontemi, Cohen-Coon yodntemi ve optimizasyon algoritmalar1 gibi farkli yontemler
kullanilmaktadir. Bu ¢aligma, bir sesiistii iflemeli riizgar tiinelinin kontroliinde kullanilan
PID katsayilarinin optimizasyonu i¢in yapay ari kolonisi ydnteminin kullanilmasini
onermektedir. 3 farkli amag¢ fonksiyonu kullanilarak farkli PID katsayilar elde edilmistir.
Optimize edilen katsayilar gradyan optimizasyon sonuglariyla karsilagtirilmis ve en iyi
yaklasim belirlenmistir.

* Corresponding author, e-mail: mozturk@erbakan.edu.tr

1. Introduction

The wind tunnel is the system that enables the tests of aircraft to be carried out on the ground with desired similarity
parameters such as Mach number and Reynolds number. Supersonic Blowdown Wind Tunnels (SBWT) enable
these tests to be performed at supersonic speeds in a laboratory environment for limited periods of time. It is
necessary to obtain required pressure gradient between the inlet and outlet of the nozzle so that air flow at
supersonic Mach numbers can be achieved. For this purpose, the air pumped into a storage tank is allowed to reach
the settling chamber by leaving a regulation valve in a controlled manner. The air in the settling chamber passes
through a nozzle and reaches the test section. By keeping the air pressure in the settling chamber constant, the
wind tunnel can be operated at the desired Mach number. This critical operation can be performed properly by
controlling the opening of the pressure regulation valve by means of a well-designed PID controller. High
performance controller promises to provide maximum test duration by minimizing the rising and settling times
without overshoot, to minimize the steady-state error, to compensate for the decreasing storage pressure and to
prevent oscillations during the test. In literature, P, PI, PD, and PID controllers are tested, and it is seen that the PI
and PID are superior to others [1]. It is seen that Pl and PID controllers are effective but determining the
coefficients is an important challenge [2]. To overcome this challenge, Linear Quadratic Gaussian (LQG)
controller is tested. It is observed that the LQG control structure has a bigger overshoot and settling time than the
Pl controller in SBWTs. Therefore, it is proposed to use LQG with a correction method [3]. Fuzzy logic is proposed
to improve the performance of the Pl controller. Fuzzy logic takes the error and its derivative as input and affects
the signal to the PI controller. It is declared that overshoot and setting time are reduced significantly [4]. Another
Fuzzy-assisted Pl structure is tested, where the fuzzy logic has two inputs as error and error derivative. The fuzzy
logic output is summed with the simultaneously generated PI control signal to produce a new control signal. It is
shown that the proposed method has less settling time but more overshoot [5]. When the Adaptive Neural-Network
optimized Fuzzy-PI structure is tested, the optimization depends on the previously obtained database, it is issued
that the overshoot, settling time, and steady-state error outcomes are better compared to conventional P1 controller
[6]. In the same way, Fuzzy-PD is used to control pressure and temperature for SBWT. It is declared that the
proposed controller gives valuable performance [7]. The feed-forward controllers are tested for stagnation pressure
control of SBWTs, and good accuracies are obtained [8]. In a different proposition, a Neural Network (NN)
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structure that represents an SBWT is created and this NN model is used to gain PID coefficients by using Genetic
Algorithms (GA) for different conditions. The gain scheduled PID coefficients are tested, and the results are better
compared to conventional PID controllers [9]. However, all these methods used to produce better results against
PID are more complicated than PID, and methods such as fuzzy logic and genetic algorithms have limited
operating ranges.

PID controllers are the most widely used control algorithm due to their simple implementation and usefulness [10].
Due to its high accuracy and stability, PID control systems have become an important component of engineering
applications in various fields such as robotics, automotive, aerospace, industrial automation, and heating. In
addition, there are many PID control applications for SBWTs in the literature. For this reason, the PID control
approach is used in this study. However, while PID coefficients can be easily calculated for linear systems, it is
difficult for highly nonlinear systems such as SBWTs. So, a meta-heuristic method is used to optimize PID
coefficients.

Nowadays, meta-heuristic approaches are preferred as an alternative to classical methods to simplify optimization
problems. Strategies derived from natural and biological phenomena, such as the foraging strategies of ants and
other insects, are examples of strategies derived from nature. The strategy used was influenced by the clever
behavior of insects, and swarms can be defined as any group of interacting agents or individuals [11, 12]. The
group behaviors and cooperative actions displayed by insects when addressing complex challenges have inspired
the concept of swarm intelligence, which has been instrumental in the development of contemporary metaheuristic
methods. This concept relies on the understanding of how individuals can collaborate effectively by following
simple rules. Particle Swarm Optimization [13], Ant Colony Algorithm [14], and Artificial Bee Colony (ABC)
[15] are the most well-known algorithms in this field.

The Artificial Bee Colony (ABC) algorithm, a swarm intelligence-based algorithm, was proposed by Karaboga in
2005 for multimodal and multidimensional numerical optimization problems [15]. It provides very remarkable
results for continuous optimization problems [16, 17]. The Atrtificial Bee Colony (ABC) algorithm is used in this
work to optimize the PID controller coefficients of a SBWT. During the optimization process, the controller's
effectiveness is assessed using various performance criteria. In this context, regularly used objective functions
such as Integral Absolute Error (IAE), Integral Squared Error (ISE) and Integral Time-weighted Absolute Error
(ITAE) are examined. The impact of each objective function on controller performance is thoroughly investigated
and compared to discovering the optimal PID coefficients that deliver the best system performance. As a result,
this research not only focuses on the best PID controller design but also strives to give a comprehensive analysis
of how different objective functions affect control system performance.

2. Supersonic Blowdown Wind Tunnel (SBWT)

The properties of supersonic vehicles can be mainly observed in two ways: Conducting a flight test using an actual
vehicle prototype and conducting a wind tunnel test on a scaled vehicle model. There are different types of wind
tunnels depending on their speed regime, geometry, working fluid, and the special purpose. In this study,
blowdown type supersonic (1.2 < Mach <5.0) wind tunnels are considered.

The SBWT system consists of the following main components: High pressure storage tank, control valve, settling
chamber, nozzle, test section, and diffuser as shown in Figure 1.
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Figure 1. Diagram of supersonic blowdown wind tunnel

SBWTSs operate intermittently using energy stored in high-pressure tanks. Firstly, at the beginning of the wind
tunnel test, the control valve is opened and then the pressure difference creates a flow inside the wind tunnel,
whereby air is drawn from the storage tank and exhausted into the atmosphere. The Convergent-Divergent (CD)
nozzle plays a crucial role in accelerating the flow from near stagnation conditions to supersonic speeds. It is
assumed that the stagnation flow parameters are obtained at the outlet of the settling chamber where the stagnation
pressure and temperature are measured as the flow progresses through the nozzle, it is subjected to acceleration in
order to ensure that the requisite flow parameters are attained for the desired conditions within the test section.
[18]. In order to obtain different Mach numbers in the test section, the CD nozzle contour is changed and
simultaneously the required stagnant flow parameters at the settling chamber are provided by the control valve.
Therefore, the algorithm driving the control valve is extremely important for the efficient use of the limited
experimental time of blowdown wind tunnels.

An SBWT is usually modelled using lumped parameters. In this method, the wind tunnel is divided into separate
sections, each of which is then subjected to a separate analysis. This approach allows greater focus on specific
accuracy criteria by treating each section in more detail [19]. Two control volumes are selected for its analysis:
The storage tank and the settling chamber. The subsequent process involves utilising the fundamental principles
of conservation - in particular those of mass, momentum and energy - and systematically applying them to the
defined control volumes under consideration. Finally, the mathematical model of the SBWT is obtained by
applying the conservation of mass and energy laws first to the reservoir and then to the settling chamber [20]. The
equations used are listed below:

dpsr 1
= —— 1 1
dt Ver Mcy 1)
dPsr KR )
dt = - E Tsrmey 2)
dpo 1 ;
E = V_o (mey —m,) (3)
dP, KR ) )
pra Vo (Tspmgy — Tom,) (4)

5 K+1
K 2(K-1) Py
i * — *A*V* = |5 (—) A*_ (5)
=P /R K+ 1 T,
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In this context, the term "p" refers to air density, "V" refers to volume, "m" refers to mass, "m"refers to mass
flow,"P"refers to pressure, "T" " refers to temperature, "M"refers to Mach (speed of sound) number and "A"refers
to cross-sectional area.

The indexes; "ST" denotes the storage tank, "CV" denotes the control valve, "0" denotes the settling chamber, "T'S"
denotes the test section and " = " denotes the nozzle throat. "K" is the ratio of air specific heat to pressure and is
taken as 1.4, "R"is the air gas constant and is taken as 287 [8].

Tsr (storage tank temperature) and T, (settling chamber temperature) are accepted as 288 K.The Vg (storage tank
volume) is taken as 2600 m3and V,, (settling chamber volume) is taken as 360 m3 [8].

The "A,"nozzle throat area is defined as follows:

5+ M2\~
A, = ArsMrs <TTS> (6)
where A (test section area) is given as 2.25 m? [8]. Mygrefers to the air speed at test section.
The mass flow that pass through the control valve can be calculated by the equation given below [21]:
2K P P % P '
. ST cv\K cv) K 7
Mep = PevAcyVey = |—————=A (—) 1—(—) (7
cv cvilcvvecv R(K . 1) \/’E cv PST PST

The maximum mass flow that pass through the control valve is achieved when the ratio of P, (pressure at control
valve) to Psr (pressure at storage tank) is equal to or greater than 0.5283.

In the event of a blockage in the flow, the mass flow is calculated using the equation provided in equation (7) for
Py /Psy = 0.5283 [8]. Temperature, pressure and density are assumed at ideal conditions.

Although the model of the SBWT is simplified through these approaches, it remains highly nonlinear. This
nonlinear behavior adds complexity to the wind tunnel’s flow dynamics, requiring further investigation to
accurately control and predict the flow.

3. PID Control

PID control system is an efficient and effective control system in literature [22]. PID systems provide control
through 3 main factors called K_p,K_i and K_d. These systems are formed by multiplying error by proportional,
integral and derivative coefficients [23]. By changing the control coefficients, the controller response
specifications such as overshoot, steady state error, settling time and rise time can be observed. Also, the PID
controllers are easy to carry out, that is why they are generally used. The coefficients must be optimized for getting
better results in these systems.

PO d 4+ e A cv

PID Fo

k.

System

PO

Figure 2. PID control of the stagnation pressure supersonic blowdown wind tunnel
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In the literature, there are mainly two controlled parameters as stagnation pressure and valve mass flow rate. In this study, the
stagnation pressure is controlled as given in Figure 2.

4. Optimization

Optimization methods use mathematical algorithms to maximize system performance or minimize errors. There
are many optimization methods in the literature, and they can be divided into two categories: classical and meta-
heuristic. Gradient Descent (GD), a traditional optimization method, uses derivative (gradient) information to find
the minimum point of cost function. The derivative of a function indicates the slope (direction) of the function at
that point. If the slope is positive, the algorithm moves backwards (in the negative direction) to reach smaller
values; if the slope is negative, it moves forward (in the positive direction). With this movement, it is tried to reach
the minimum value [24].

4.1. Artificial bee colony algorithm

The form of knowledge that results from the actions of individuals without a centralized decision-making body is
called swarm intelligence. Organisms such as ants, bees, swarms of birds, schools of fish, etc., act with swarm
intelligence [14, 25]. These swarms are driven by a common goal (food selection, self-preservation, finding
energy). Various artificial intelligence algorithms have been developed inspired by the behavior of swarms.
Acrtificial intelligence bee colony, one of these artificial intelligence algorithms, was first discussed by Karaboga
in 2005 [25]. The artificial intelligence bee colony algorithm is modelled based on the food selection and dance
movements of bees and the model consists of three main components: food source, employed foragers and
unemployed foragers. The quality of a food source depends on many factors, such as the distance of the food from
the nest, the diversity or density of the food, and the ease of access to the food. Employed foragers are associated
with a specific resource and carry information about this resource (direction and distance from the nest) to the
hive. There are two types of unemployed foragers, scouts and explorers. Unemployed foragers do not have specific
resources like labor foragers, so they are constantly looking for food sources. Scout bees look for new food sources
around the hive to increase food diversity. Onlooker bees stay in the nest and forage with information from worker
foragers. The dance part is very important in the communication between bees. During the dance the bees learn
about the quality of the food [26].

Each food around the hive is a possible solution. The ABC algorithm starts with a randomly assigned bee. One
bee is assigned for each food source, so that as many bees work as there are food sources. The number of
Honeybees (nHB) is the parameter that defines the size of the colony. The ABC algorithm starts with explorer
bees finding food sources. The worker bees go to the food sources found by the explorer bees and the food quality
is assessed by the scout bees. The worker bee whose food source is exhausted becomes a scout bee. This cycle
continues until the best quality food source is found [26].

4.1.1. Employing bees and generating new solutions

Recruited bees randomly move towards other sources and try to find better food sources. The food source is
expressed as a permutation and the mathematical model is constructed as follows. This ensures diversity and makes
the algorithm's solution space more comprehensive.

stepsize = rand ;). (HB — HB[permute(i)(j)])
8

newHB = HB + stepsize
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D000y [F1 1] is a number randomly selected from the range. i is the number of honeybees, and j is the
number of dimensions of the problem [26].

4.1.2. Onlooker bees and exploitation process

The solutions discovered by employed bees are shared with onlooker bees, who then evaluate them based on a
selection probability. Onlooker bees focus on improving specific solutions by exploiting their neighborhood. The
selection process is typically conducted, where higher-quality solutions are given priority for further improvement.

PFit

Py = 9
© = S PFit, ©
PFit; is the penalised objective function value of the first food source [26].
stepsize = rand ;). (HBy,s — HB[permute(i)(j)])
(10)

HB, s + stepsize, if rand < mr}

newHB = { HB, s, otherwise

4.1.3. Scout bees and ensuring diversity

If a solution cannot be improved after a certain number of iterations, it is abandoned, and scout bees are activated.
Scout bees generate entirely new random solutions in the search space. This phase introduces diversity and helps
the algorithm escape from local optima. By replacing abandoned solutions, scout bees contribute to the overall
performance of the algorithm [26].

4.2. Objective functions

Obijective functions are used for the optimization of PID parameters. In this study, there are three types of objective
functions. These are Integral Absolute Error (IAE), Integral Squared Error (ISE) and Integral Time-weighted
Absolute Error (ITAE).

Table 1. Objective functions

Objective Function Mathematical Formula
t
Integral of Absolute Error (I1AE) f le(t)|dt
0
t
Integral of Squared Error (ISE) f e(t)?dt
0

Integral of Time-weighted Absolute Error ‘
(ITAE) fotle(t)ldt

In this paper, PID coefficients are obtained by using GD and ABC with objective functions those are ISE, IAE,
ITAE. The graph of the control system was obtained with the PID coefficients. By comparing the graphs obtained,
the optimum PID coefficients for the control system were determined. The objective function formulations used
are given in Table 1.
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5. Results and Discussion

The gradient descent and ABC algorithms simulation results have been examined for a SBWT. The ABC
algorithms are tested for three cost functions: ISE, IAE, and ITAE. In this study, 20 honeybees are used, the
maximum number of objective function evaluations (maxNFESs) is chosen as 400, and the modification rate (mr)
is chosen as 0.8. The optimizations are implemented several times to find the best results. The coefficients obtained
as the result of optimizations are given in Table 2. Optimizations were performed for the case where the Mach
value is 2 and the stagnation pressure is 0.25 * 10° Pa.

Table 2. PID coefficients

Optimization Methods K, K; Ky
Gradient Descent 1.6012 * 1075 1.2402 « 107° —1.6832 %1077

ABC (ISE) 8.8251 * 1075 0 0
ABC (IAE) 48067 x 10~* 1.5718 * 1075 2.4207 x 1077

ABC (ITAE) 42337 x107* 1%107% 0

The optimized PID coefficients are implemented in the SBWT. The PID results are shown in Figure 3, and control
signals in Figure 4. The results show that all the controllers run regularly for nearly 46.5-47.5 seconds. This small
interval is important for controllers, as this system consumes the air stored in the tank. Therefore, there is a very
short run time for each tunnel test.
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- - -Gradient
I Y e o e et TEETTo. | ISE M
EIcE N -—I1AE
~ k)
[0)] v, | ITAE
- 2 *.!
@ Y
7] ]
o
o 1.5 AX
c ",
S
— LY
g 1
(o)) .
3
P05
0 10 20 30 40 50 60

Time (second)
Figure 3. Optimized PID results
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Figure 4. Optimized PID control signals
When the wind tunnel starts working, the control valve must be opened to its limit immediately as seen in Figure
4. Thus, the stagnation pressure reaches the desired values quickly. The PID control coefficients must provide this

condition. As seen from the results, the four control signals provide a fast reaction but the ITAE cost function and
GD methods have overshoots. The others (ISE and IAE) do not have overshoot values.

2 ><106

—Storage Tank Pressure
- - Stagnation Pressure

Pressure (Pa)

:
0 10 20 30 40 50 60
Time (Second)
Figure 5. Storage tank and stagnation pressure relation for IAE optimized PID control

After the control valve is quickly opened to the end, it closes a little and opens slowly to keep the pressure at the
desired level. Because in the meantime, the storage tank pressure declines with time. For this reason, as the storage
tank pressure decreases, the control valve should be opened larger to ensure that the stagnation pressure is at the
desired level. The relationship between the storage tank and stagnation pressure can be seen in Figure 5, which is
the result of PID optimized with IAE cost function.
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When the results in Table 3 are examined, it is seen that the ISE and IAE optimized PID have better performance
compared to the others in terms of overshoot and settling time. However, the ISE-optimized PID never reaches the
desired pressure, and this causes a high Root Mean Squared Error (RMSE) value. This is an undesirable situation
in tunnel tests.

The RMSE values are calculated for 46 seconds. Because after the 46" second, the storage tank pressure can no
longer provide the flow required for the desired stagnation pressure.

Table 3. Comparison of control performances

Methods Overshoot (%) Settling Time (s) RMSE (465s)
Gradient Descent 2.50 0.623 9.2238 % 103
ABC (ISE) 0 0.178 9.9525 = 103
ABC (I1AE) 0 0.178 8.9664 = 103
ABC (ITAE) 2.51 0.2 9.0202 * 103

As seen from Table 3, the PID optimized by IAE is not only overshoot-free but also has the minimum settling time
and the minimum RMSE. So, it has the best control performance compared to others.

6. Conclusion

A modeling of an SBWT was conducted that addresses the challenges of achieving stable and precise control of
stagnation pressure during the short and critical operation times. Considering the highly nonlinear nature of the
SBWT system, the determination of the PID coefficients poses a great challenge. To overcome this, a metaheuristic
optimization approach based on the Artificial Bee Colony (ABC) algorithm is implemented to determine PID
coefficients that minimize the steady state error on the desired pressure value and provide maximum test time.

The PID controller coefficients are optimized using three different objective functions: Integral of Absolute Error
(IAE), Integral of Squared Error (ISE) and Integral of Time-weighted Absolute Error (ITAE). These methods are
compared to the Gradient Descent method.

In conclusion, it was found that the optimization with the IAE (Integral Absolute Error) objective function gives
the best performance. The IAE-optimized PID controller achieved zero overshoot, the shortest settling time, and
the lowest RMSE, thus maximizing the efficiency of the limited test time by ensuring rapid and stable pressure
regulation. In contrast, the ISE-optimized PID controller failed to maintain the desired stagnation pressure, and
both Gradient Descent and ITAE-optimized PID controllers exhibited undesirable overshoots.

The findings of this work underline the potential of the ABC algorithm with the IAE objective function, as a highly
effective strategy for PID optimization for complex systems. So, this approach is planned to be tested in the real
environment and with different systems in future studies.
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ABSTRACT

Economics has realised significant advancements with criticisms from Marxist and Neo-
Marxist thinkers. One of these criticisms pertains to business cycles and waves. This analysis
focuses on the development of aviation safety in light of these waves and cycles.
Simultaneously, the primary research method involves a systematic articulation of economic
waves and their impacts on the understanding of safety in civil aviation. Thus, this research
encompasses three patterns: civil aviation safety, economic conjunctures and wave theory, and
a historical approach. This study aims to explain how the Great Depression Safety Wave formed
between the periods of the First and Second World Wars. The findings indicate that there was
a marked increase in the understanding of safety during the First and Second World Wars.
Conversely, due to the Great Depression and its ramifications beyond the economic realm, there
emerged a wave between the First World War and the Second World War, impacting historical
evolution and the trajectory of safety throughout history.

OZET

Iktisat, Marksist ve Neo-Marksist diisiiniirlerin elestirileriyle biiyiik sigramalar gerceklestirdi.
Bu elestirilerden biri de ig ¢evrimleri ve dalgalaridir. Bu analizde, bu dalgalar ve ¢evrimler
dikkate alinarak havacilik emniyetinin gelisimine yogunlagilmistir. Buna paralel olarak, ana
arastirma yontemi ekonomik dalgalarin ve sivil havacilikta emniyet anlayisina etkilerinin
sistematik bir sekilde eklemlenmesidir. Bu sekilde, bu arastirmanin ii¢ deseni vardir: Bunlar,
sivil havacilik emniyeti, ekonomik konjonktiirler ve dalgalar teorisi ve tarihsel yaklasimidir. Bu
aragtirma, Biiyiik Buhran Emniyet Dalgasmin, Birinci Diinya Savasi ile Ikinci Diinya Savast
Dénemleri arasinda nasil olustugunu agiklamay: amaglamaktadir. Bulgular, Birinci ve Ikinci
Diinya Savaslarinda, emniyet anlayisinda, keskin bir artis oldugunu dogrulamaktadir. Ote
yandan, Biiyiilk Buhran ve bunun ekonomik alanin 6tesindeki etkileri nedeniyle, diinyada
tarihsel evrim ve tarihteki emniyet seyri diginda Birinci Diinya Savasi ile Ikinci Diinya Savast
arasinda bir dalga yasanacaktir.
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1. Introduction

Safety is a legal readiness, the early and first step of every civil aviation action. On the other hand, three important
revolutionary steps of civil aviation epistemology and practices can be counted as technological, political and
economic stages [1] that are formed and subjected to conjunctural and framework waves. For example,
Schumpeterian capitalist history gives economics a clear picture of the importance of these cyclic, revolutionary
and distinctive waves that form around the main concept of creative destruction. According to Diamond [2], the
central message of Schumpeter is this concept, which emphasizes a dynamic, competitive and benchmark for all
capitalist motivations and survival. From primitive societies to the Industrial Revolution, this internal inducement
of capitalism showed its face in the form of technological development acceleration, which comes to today [3].
The development of capitalism is a problem of economic fluctuations, structural adjustment and the functioning
of factor markets [4]. Therefore, it is beyond the personal or communal feeling of being left behind in economic
and social circumstances. It includes different competition stages in the light of the Ricardian economic
explanation (1817), so it has political roots depending on the theory of relative advantages. The first of the research
guestions begins to develop here, if there is only one way in the development of civil aviation that is an evolution
of safety uniquely, naturally and gradually and vaults of civil aviation can be explained with three dimensions,
what is the scientific course of safety in these three revolutionary development types?

Secondly, it needs a structural analysis of civil aviation in parallel with current economic cycles. But, it can be
seen that there are a lot of conjunctural waves or business cycle approaches regarding economics. To develop an
economic analysis of the civil aviation industry, five of them, which are the Juglar and Kitchin business cycles and
Kuznets, Kontradieff and Schumpeterian conjunctural waves that have similarities and differences regarding
technology, politics and economics and finance, will be enough. But then, efficient and effective analysis of safety
can be realized economically and operationally if it is concentrated on the emphasis of the Schumpeterian “safety
entrepreneur” [5]. The second question raised here is whether there is an existence of safety entrepreneurs in the
civil aviation industry and what are their duties and responsibilities in the civil aviation context, morally,
technically and, of course, managerially, regarding other production factors.

Generally, a business cycle or conjunctural wave is a product of different attractions, changes and relationships
between different actors in economic, political and technological contexts. According to heterodox interpretations
of the economy, leaps and collapses in the current situation of economies are the main causes of conjuncture, and
naturally, companies should be affected by them. Were there industrial-specific events that gave the last shape to
the business cycles and waves in civil aviation, and what are their special impacts on the historical development
of civil aviation, so safety?

This research mainly aims to scrutinize safety in light of technological, economic, and political developments in
or around civil aviation. It realizes this purpose by benefiting from Marxist and Neo-Marxist theories and literature,
current and famous waves and cycle approaches such as Schumpeter, Kontradieff, Kitchin, Juglar and Kuznets
considering the concept of safety as a revolutionizing object in cultural patterns and forms of civil aviation, a
motivating instinct in the capitalist cycles and waves of the civil aviation economy and an accepted tacit or open
communication style in dynamic civil aviation sociology and heritage. Methodologically, safety is neither an
option nor a technical indicator in civil aviation, although it needs engineering understanding and scientific
creativity if it is concentrated on its development stages.

In light of these arguments, safety will be elaborated on in this research rigorously with historical development.
On the other side, the Great Depression of 1929 [60, 61] serves as a great contextual playground and experimental
basis for this research, with its redefining and clear impacts on the development of safety understanding. Therefore,
the examination of safety development during the Great Depression of 1929 can be a research problem and should
be elaborated through an articulation method.
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In the first section of this paper, there is a historical development of civil aviation as a literature review that is
divided into different subparts, a short timetable of waves and cycles regarding civil aviation, and the place of
safety in economic, technological and political development stages of civil aviation will be reconsidered. In the
methodological part of this theoretical research, mean-and-end chains, articulations and intentions are explained,
and findings, discussions and conclusion take their part at the end of the paper.

2. Literature Review

2.1. The safety concept

The place of the concept of safety is so clear in civil aviation. Nonetheless, there are differences in definition
regarding three-dimensionality. One of these definitions accepts safety as a thing, which can be only explained by
technical details theoretically at first sight; on the other hand, its power gives a last shape to the economy and
policy. Apostol et al. [6] and Ranasinghe et al. [7] underline the importance of risk in the design stages of aerospace
engineering and the design of aircraft. These ideas support the assumptions in the first definition. The second
definition of safety considers it as a policy item at different levels, which needs technical support and economic
resource supply. The emphasis of Luxhoj [8] on the National Airspace System of the United States near the Safety
Management Systems as a need and requirement of the airline companies in the depiction of Teske and Adjekum
[9] and Wolf [10] supports this second description. For the third one, safety is an economic motive framed with
technical understanding and policy development. The innovations and inventions of Airbus and Boeing can shed
more light on this topic. These three kinds of safety take their roots from risk consciousness after, before, and
while processes or periods of accidents and incidents; therefore, the psychology of humankind originates from
these. In this regard, the risk can be classified as follows [11]; i) Real risk to an individual, which may be
determined based on future circumstances after their full development; ii) Statistical risk, which may be determined
by the available data on the incidents and accidents in question; iii) Predicted risk, which may be predicted
analytically from the models structured from relevant historical studies; and; iv) Perceived risk, which may
intuitively be felt and thus perceived by individuals.

2.2. The Marxist way to explain technology

Marxist historical analysis accepts historical development as a whole of conflicts between and within different
classes that are sovereign over different production factors such as capital, labor, knowledge and land. These
conflicts can be observed in cultural forms and patterns, traditions, social norms and political and social
organizations [12]. Their existence can be formed by the nature of violence or peace [13] and by the values of the
classes [14]. Clarke [15] supports that the activities of production and their surroundings are the focus points of
these conflicts. Conversely, although Neo-Marxists utilize the Marxist methodology in their work, their tellings
and subjects are wider than orthodox Marxism because of the living age. For example, Wallerstein’s works “The
Modern World-System 1, 11, 111, 1974; 1980; 1989” [55-57] give historical lessons and a bridge between old and
new and explain capitalist changes with specific time patterns and conjunctures. These conjunctural and wave
changes are defined by the same methodology in the works of Schumpeter, Kontradieff, Kitchin, Juglar and
Kuznets, who defend that the capitalist system or capitalist motivation shows cyclic similarities depending on time;
for this reason, it is not easily overcome. According to them, each crisis is a need and a bottleneck of capitalism,
and capitalists should survive under them with one main revolutionary and dynamic instinct: creativity.

It is a known reality that main economic variables such as GDP growth, employment, interest rates, and
consumption follow cyclic waves over time [16] or in the time of globalization [17]. Moreover, economies can be
characterized by institutional change concerning labour markets, regulatory arrangements and the organisation of
firms, which alters the process of decision-making, decision actors, and interest groups, and changes the balance
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between market and government [18]. The existence of cyclic movements in the economy affirms that market
behaviour is not deterministic; it has a rhythm [19]. Current economics defend that economic behaviour has its
own idiosyncratic and complex chaotic identity depending on the nature of business [20]. Moreover, Juglar [21]
defines cyclic variations in the corporate activities of businesses in which there are oscillations of investments into
fixed capital and levels of employment of the fixed capital in the range of 7-11 years. Secondly, Kitchin [22]
determines boom-bust cycles for 40 months in commodity prices. Thirdly, Kuznets [23] associates demographic
processes such as immigrant policies (inflow/outflow) and construction policies, paralleled by them with new
cycles of 15-25 years. For a fourth one, Kontradieff [24] underlines the importance of innovation in the
technological revolutions of overwhelming industries and commercialism with his waves of 40-60 years. Yet, in
light of these arguments, Schumpeter [25] could realise his important technological explanations under the
umbrella concept of innovation and technological development in capitalism.

2.3. Introduction to safety technology

Habermas, the Marxist thinker, defines technology as a project of the human species as a whole. For him,
technology is a universal human activity and needs a technocratic consciousness of which features are counted by
Oraldi [26]: Technocratic consciousness is “‘less ideological’ than all previous ideologies” although it is the most
“irresistible and far-reaching”, it not only hides class interest but, through the suppression of the distinction
between the practical and technical dimension, it compromises “the human race’s emancipatory interest as such”.
Like all ideologies, it serves to detach the foundations of society from thought and reflection — but even more than
other ideologies it is invulnerable to reflection because it does not put forward an image of the “good life.” On the
other side, for Heidegger, technology is not only a problem as it causes ecological destruction, nuclear danger,
consumerism but also, a solution of them regarding technological understanding of being [27] in an epoch
dominated by technology [28]. Therefore, the contributions of technology to a democratic crisis can be very large,
as observed in the example of the internet's impacts on virtual communities [29] or the potency caused by the
creation and holding of the technology. For these causes, according to Feenberg [30], technology is not a romantic
thing and democratizing technology means expanding technological design to include alternative interests and
values. So, in a universal description, technology is a thing to the interpretation of nature in terms of age and space
[31], itis expected absolutely that it will be impacted by not only the main reasonings and patterns of thinking but
also interests and values [32] of the epochs when and where it belongs.

Safety is a technological public need and requirement, and for this reason, it is open to development and reform
[33]. Besides these, safety develops mainly the understanding of the risk associated with an action, and turns it
into an operation. In the transportation industry, the safety of aviation and the acceptability of the risks associated
with air travel are fundamental to its broad public use as a reliable and effective method of transportation [34].
Without a strict safety understanding, it is not possible to set up resilient civil aviation; therefore, safety has a legal
basis with national and international civil aviation regulators [35]. Therefore, it should be an unforgettable reality
that safety is a problem of organizational climate, organizational culture and organization, near the individual
efforts [36] in micro, macro and international levels.

3. Methodology

There are important leaps and collapses in the history of civil aviation with economic, technological and political
transformation of the world that have also had deep impacts on the safety understanding of civil aviation.
Moreover, the selection of important economic, technological and political events is also problematic regarding
safety. Throughout this analysis, the articulation of new concepts and aircraft understanding in the safety paradigm,
and the dynamic and revolutionary movements in a safety context, because of these developments in technological,
political and economic dimensions, will be examined as conjunctural changes and waves. When the analysis
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realises this, it will focus on the development of this peak (up-swing) and deep (down-swing) times in light of the
tools given by Juglar, Kitchin, Kuznets, Kontradieff and Schumpeter in Figure 1 and Figure 2.

fm /<\
3-4 years

4-7 years
< 15-25 years

< 40 70 years
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Figure 1. Wave and cycle illustrations [37]
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Figure 2. Cycles and Waves’ illustrations regarding the world economy between 1945 and 2025 [38]

The illustrations show that the events and deep causes analysis are so important in the development of waves and
cycles. In civil aviation history, generally, accidents and incidents are referred to as crisis time without a root-
cause analysis regarding technological, political and economic incongruences at national, regional and
international levels. For example, Concorde-type supersonic aircraft suffered from unbalanced decisions among
regulatory (political and economic) bodies such as international airport authorities for a long time because of the
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aviation-related externalities of its high technological structures, like noise [39] and emissions [40] and [41].
Secondly, although aircraft manufacturers have electrical and hybrid-type aircraft production technologies,
international regulatory bodies such as the European Union have anxieties about these technologies regarding
infrastructural needs and requirements of the aviational industry chain and airports *.

These cycles and waves sign historical accumulation under different titles, so relatively small events or momentous
catastrophes can be the beginning of a crisis after these accumulations such as the Tenerife Accident of 1977 that
shows the negligence in air traffic governance in the reality of meteorological events and as 11th September
Terrorist Attacks that prove that the importance of international political consensus in aviational security matters.

As far as it is possible, one should be careful to interpret the positivity or negativity of an event in the civil aviation
industry because a technological up-swing can cause a down-swing in political or economic dimensions or vice
versa.

Besides these, the articulation finds a place in the postmodern explanation of facts and realities as a method.
Humankind began to lose its descriptive force in science and knowledge accumulation, and these facts and realities
in even an ordinary life require more complex explanations. Lyotard [58] explains this reality as a Postmodern
condition. Because there is a restricted zone between the thinkable and the unthinkable in modernism, which gives
birth to the postmodern condition for reasoning. Foucault [59] also defends and utilises different articulation
processes and objects in conceptualizing objects such as madness and potency beyond the familiar human sciences
such as psychology, sociology or anthropology. For him, the detailed articulation of knowledge or knowledge
pieces explains that the whole and main focal point of this wisdom is the anthropology of knowledge. On the other
hand, in the case of this paper, safety is considered as a postmodern condition at the crossroads of politics,
technologic and economic ratiocinations and is tried to explain with a kind of knowledge articulation in its
historical development process. Conversely, there are some knowledge restrictions regarding literature, especially
on the development of civil aviation during the years of the Great Depression.

In light of these arguments, it will be focused on the important timespan between the First World War and the
Second World War, and the safety understanding of civil aviation will be analysed, benefiting from three
dimensions, emphasizing the importance of the Great Depression of 1929.

4. Findings

The period between the First World War and the Second World War is important and has a wave structure that
can be described regarding economic, technological and political dimensions. Besides these, scaling the findings
can be considered as an important tool.

4.1.Pre-WWI developments

The first corporate governance structures were seen in France and Europe, accepting aviation as a sports and safety
and proficiency-related activity and encouraging it through skill development in the Fédération Aéronautique
Internationale (FAI) of France in 1905 and the 1910 Paris International Air Navigation Conference. The air borders
of a country were subject to strict national rules and regulations in 1911 with the Aerial Navigation Act in Great
Britain [42]. Bilateral agreements began to come into force in Europe before the First World War. The civil
aviation industry suffered from the absence of international harmony in the years of the First World War,
politically, legally and economically. A multilateral conference was held with the aerial community of South and
North America in 19162 .

1 https://defence-industry-space.ec.europa.eu/eu-aeronautics-industry/alliance-zero-emission-aviation_en , Access time: 03.06.2024.
2https://applications.icao.int/postalhistory/1910 the paris_convention.htm#:~:text=The%201910%20Paris%20International%20Air,was%?2
0a%20great%20historical%20importance , Access Time: 04.06.2024.
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4.2. The development from the First World War to the Second World War

The years of The First World War had tremendous positive impacts on aircraft technologies in the development
of aircraft engines and aircraft design in capacity, volume and production speed, on the other side, ground
infrastructures and systems were demolished on the European side, but on the United States [1] However, a holistic
safety understanding was an unanswered problem for civil aviation. But, if it is concentrated on the Paris
Convention of 1919, the civil aviation community seemed to exceed the first important teaching and barrier of
safety, therefore security, because of the sovereignty principle of nations over their geographies and freedoms of
air [43] and maybe, this was the important first sign of internationalism in civil aviation politically. Again, Stannard
[44] underlines the importance of the Paris Convention of 1919, emphasising the impartiality of the Soviet
Republic and the United States. It is understood that safety is beyond aviation corporations; it has become a
national and state-based policy. Even after the First World War, the trust of ordinary people in civil aviation
increased year by year, as shown in Goldstrom [45], depending on the developments in this safety understanding
that accepts safety as a competitive element within European countries, between European countries and the United
States.

Before the Air Corps Act of 1926 or Air Commerce Act of 1926 which aimed to utilize a free market of aircraft
manufacturers in the United States, technological development made felt its force doubling its speed and volume
on both shores of the Atlantic Ocean alongside the vulgar competitive attitudes of aircraft manufacturers regarding
associationalism in the United States [42]. Also, this event was important regarding the commercialization of civil
aviation, which suffered from ambiguities under the impacts of a hodgepodge of small, inefficient carriers and
unconnected routes [46]. Besides these, the legislation tasked the Secretary of Commerce with fostering air
commerce, issuing and enforcing air traffic rules, licensing pilots, certifying aircraft, establishing airways, and
operating and maintaining aids to air navigation [47]. In early 1928, the Assistant Secretaries for Aeronautics in
the Departments of War, Navy, and Commerce in the United States asked the National Advisory Committee for
Aeronautics (N.A.C.A.) to develop a common approach for the analysis and reporting of aircraft accidents. In
response to this request, the N.A.C.A. organized the Special Committee on the Nomenclature, Subdivision, and
Classification of Aircraft Accidents [48]. After the formation of the Bureau of Air Commerce in 1935, with the
new developments in aircraft technologies, new and large airports were developed, and primitive-long-distance air
traffic management systems were developed [45]. Even before the Second World War, the concept of learning
from deficiencies was promulgated in aviation. Safety was viewed as an industry-wide problem, rather than one
for any single operator, manufacturer or State. The concept was further developed in wartime aviation [49]. On
the other side, bilateral agreements are a weapon of countries that have developed aviation industries, such as the
United States, because of their importance in creating new routes, destinations and capacities regarding passenger
transportation. Kraus [50] analysed an example of this kind of agreement between China and the United States,
emphasising the importance of military conflicts in the Asia-Pacific Region. The finding of Oster and Strong [51],
which points out the requirement of government regulation in a context where there are changes regarding
technology and global integration, is important for the safety concept. On the other side, Human Factors in aviation
transformed into a scientific phenomenon during the Second World War [52].

4.3.The impacts of the Great Depression

The impacts of the Great Depression were felt by the industry. Between fiscal years 1932 and 1935, the
organisation’s budget was cut in half and research and development activities came to a virtual stop with the order
of President Roosevelt in the USA. Aviation safety began to deteriorate in the same period. In 1935, the nation’s
air carrier passenger fatality rate was 4.78 per 1 million passengers; the following year, it jumped to 10.1. [47].
Although there is a financial crisis regarding the economies and finances of aviation companies and a decline in
safety understanding, the industry has not seemed to lose its reputation and spread in the minds of people [53]. In
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the European side of aviation, it was observed a large development was observed regarding the exploiter policies
of Hitler in military aviation for the raw material resources of Europe [54]; these extreme policies also mirrored
the civil aviation comprehension of the European countries. In the years of war preparation and depression, civil
aviation continued its development in European states and the United States, politically and technologically.
Nevertheless, it was observed that the occurrence of negativities was under the impact of economic variables,
especially in the United States, where there was extensive aircraft manufacturing and the existence of substitutions
regarding other transportation modes. Safety development in the world of civil aviation context regarding business
wave cycles is shown in Figure 3.

Figure 3. Shows the distribution of the events in a specific five-period criteria

There are two axes in the safety development stages of the civil aviation industry. As the X-axis shows time, the
y-axis shows increased safety understanding in civil aviation. B curve the changes in civil aviation, on the other
side A2 line is a reminder of the continual increasing process in comprehension of civil aviation regarding the
development of safety in light of the arguments in technological, political and economic dimensions (It can be
added here, social attitudes can be added to interpret to this line). Al ve A3 lines show the possibilities of deviations
from the A2 line (Sudden and unexpected events can change the industry structure). Point 1 illustrates the Wright
brothers’ flight on 17th December 1903 in the United States as the first aircraft when it was assumed at the
beginning of civil aviation activities. Point 2 shows the First World War period between the years of 1914-18,
Point 3 depicts the Great Depression process, and Point 4 points to the Second World War period of 1939-45.
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5. Conclusion

According to the findings, the period, which was subjected to this research, is one of the intensive periods of civil
aviation politically, economically and technologically. The research shows that the conformity of these three
dimensions is important regarding aviational safety. If there is a gap in only one of these dimensions, a safety
problem is an indispensable reality. On the other hand, wave and cycle understanding of Marxist and Neomarxist
is very important in economics to describe the triggering events in history. Accordingly, the great depression
changed the reasoning of economics regarding state policies, the birth of Keynesian economics, and the patterns
of consumption, saving and spending of economic actors. Depending on the changes in business cycle
understanding, it can be concluded that safety problems occurred in the following years of the Great Depression,
especially in the United States. These findings contribute to answering the historical journey of the safety concept
regarding economic, political and technological dimensions.

The main acceptances, which indicate that technological and political changes have an impact on safety
development, are also corrected. The aviational safety experienced a boom during the periods of World War 1 and
World War 2 periods in parallel with business cycles. Civil aviation has an idiosyncratic structure and character;
for this reason, the realities should be interpreted rigorously. A similar analysis can be designed for other political,
technological and economic events, such as the position of global aviation security on the 11th of September or
the impacts of COVID-19 on civil aviation. Nevertheless, a 3-dimensional approach should be used for a total
description.

Conflicts of Interest: The author declares no conflict of interest.
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