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1 Aim of the Project / Projenin Amaci

1.1 Aim of the Project

Increasing aerodynamic efficiency is one of the most important issues in aviation. To achieve this, the
design of the wings must be updated. Wing tip extensions are one of the applications that increase
efficiency. C-wing is one of the most effective wing tip extension applications. The C-wing poses a
challenge in aeroelastic analysis. Having multiple surfaces for gust loads will also present a challenge.
These interactions need to be examined and the optimum design should be reached. An example for
1-cosine gust is shown in Figure-1.

The aim of this project is to reach the most optimum design possible by performing flutter analysis
on C-wings and examining the gust effect. In this context, it is aimed to reach an aircraft design that
will remain within safety limits.

1.2 Projenin Amaci

Aerodinamik verimliligin arttirilmasi havaciligin en énemli konularindandir. Buna erigebilmek igin
kanatlarin tasariminin giincellenmesi gerekir. Kanat ucu uzantilar1 verimliligi arttiran uygulamalar-
dan biridir. C-kanat ise en etkin kanat ucu uzantisi uygulamalarindandir. C-kanat aeroelastik analizde
zorluk yaratmaktadir. Riizgar yiiklemeleri i¢in birden fazla yiizeyin olmasi da ayrica bir zorluk ge-
tirecektir.Bu etkilegimlerin incelenip optimum tasarima ulagilmasi gerekir. Riizgar profillerine 6rnek
olarak 1-cosine riizgar: Sekil-1'de gosterilmigtir.

Bu projenin amaci C-kanatlarda flutter analizi yapilip, riizgar etkisi incelenerek miimkiin olan en
optimum tasarima erigmektir. Bu baglamda giivenli sinirlar i¢inde kalacak gekilde bir ucak tasarimina
ulagmak amaglanmaktadir.
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Figure 1: 1-Cosine Gust Profile



2 Summary of the Project / Projenin Ozeti

2.1 Summary of the Project

Increasing flight efficiency has been one of the most important issues throughout the history of aviation.
Institutions such as NASA and companies such as Boeing and Airbus are doing a lot of research on
this subject. The most obvious indicator of flight efficiency is aerodynamic efficiency. In order to make
progress in this regard, either improvement will be made to the existing wing models or a revolutionary
wing design will be made.

Drag force is composed of different effects. One of these is eddy drag, which is an important part
of drag force in level flight. A wing tip extension is used to reduce eddy drag at the wing tip. The
winglet with fin is an example of this. The C-wing is one of the most efficient applications of wingtip
extensions. Since the C-wing has a complex design and affects the aircraft both structurally and
aerodynamically, the most effective design can be achieved with optimization work.

There is only one study in the literature on flutter analysis of C-wing configuration. In this study,
Cui (2012) performed flutter analysis by coupling Ansys and CFX programs [1]. However, MSC
NASTRAN/PATRAN training is available in our university. Accordingly, the same aircraft model will
be analyzed with Nastran. The computational FEM mesh and CFD grids of study’s C-Wing model is
shown in Figure-2.
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Figure 2: Computational grids of the C-Wing: (blue) FEM mesh, (black) CFD grid

The project is divided into 4 work packages. The first work package is to validate the solution by
performing a flutter analysis of the Modified MAVRIC model with Nastran. For instance, the results
of a 1-cosine gust load analysis on BAH Wing is shown in Figure-3 and Figure-4. The second work
package is the optimization of the Modified MAVRIC model for flutter via Nastran. This work package
will be a useful study to observe the effect of gust loads on the aircraft configuration by comparing it
with the previous work package. It will also provide experience as an example for optimization using
Nastran. The third work package is the modeling of gust loads in Nastran. In this work package,
Sharp Edged and 1-Cosine gusts which are the critical gusts among other gust profiles will be used.
The sharp-tipped gust has constant speed and will suddenly encounter the aircraft. 1-Cosine gust, on
the other hand, is the gust whose profile is the same as the graph of the 1-Cosine function. Gusts
are only modeled for aerodynamic loadings. Therefore, when the matrix is created from the equations
of motion, the gusts will create a loading that does not depend on the variables (displacements). In
this case, a solution cannot be reached with the flutter determinant. Only the dynamic response of
the system can be obtained at certain velocities. The aim of the third work package is to reach this
dynamic answer. The aim of the fourth work package is to make aeroelastic optimization based on the
Modified MAVRIC model under gust loads. If SU2 and Nastran are coupled, the aeroelastic analysis
will be done in this way. Thus, the aeroelastic analysis will have high fidelity solution. Achieving the
optimum aircraft configuration in terms of aeroelasticity under gust loads can be considered as the
output of this project.



Figure 3: Response of a Rigid Body Plunge Mode
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Figure 4: Wing Root Bending Moment




2.2 Projenin Ozeti

Ugus verimliliginin arttirilmasi havaciligin tarihi boyunca en 6nemli konulardan biri olmustur. NASA
gibi kurumlar, Boeing ve Airbus gibi girketler bu konuda ¢ok sayida aragtirma yapmaktadir. Ugus ver-
imliliginin en belirgin gostergesi de aerodinamik verimliliktir. Bu konuda ilerleme saglayabilmek i¢in ya
mevcut kanat modellerinde iyilegtirmeler yapilacaktir ya da devrimsel bir kanat tasarimi yapilacaktir.

Striiklemenin farkli etmenleri vardir. Bunlardan biri de diiz ugustaki siiriiklemenin énemli bir
kismini olugturan girdap siiriiklemesidir. Kanat ucundaki girdap stiriiklemesini azaltmak igin kanat
ucu uzantisi (wing tip extension) kullamilir. Kanatcik olan bilinen winglet de bunun bir érnegidir.
C-kanat ise kanat ucu uzantilarinin en verimli uygulamalarindan biridir. C-kanat karmagik bir tasarim
olup ugagi hem yapisal hem de aerodinamik olarak etkiledigi icin en etkin tasarim, optimizasyon
caligmasi ile ulagilabilir.

Literatiirde C-kanat konfigiirasyonunun flutter analizi iizerine tek bir ¢alisma bulunmaktadir. Bu
galismada Cui (2012), flutter analizi Ansys ve CFX programlar: arasinda baglant1 kurularak ¢ozdiirmiigtiir
[1]. Ancak, {iniversitemizde MSC NASTRAN/PATRAN egitimi veriliyor. Bu dogrultuda ayni ugak
modeli Nastran ile analiz edilecektir. Caligmada kullanilan C-kanatin hesaplamali FEM mesh’leri ve
CFD grid’leri Sekil-2’de gosterilmektedir.

Proje 4 is paketine boliinmiistiir. Birinci ig paketi, Modifiye MAVRIC modelinin Nastran ile flut-
ter ¢oziimii yapilarak ¢oziimiin valide edilmesidir. Ornek olarak BAH kanadinmn 1-cosiniis rlizgari
analizinin sonuclar1 Sekil-3 ve Sekil-4’de gosterilmektedir. Ikinci ig paketi, Modifiye MAVRIC mod-
elinin Nastran tizerinden flutter i¢in optimizasyonunun yapilmasidir. Bu ig paketi hem son ig paketi ile
kargilagtirilarak riizgar yiiklerinin ucak konfigiirasyonuna etkisini gézlemlemek icin faydali bir caligma
olacaktir. Hem de Nastran kullanilarak optimizasyon yapilmasi i¢in 6rnek olarak deneyim kazanilmasini
saglayacaktir. Ugﬁncﬁ i paketi, Nastran’da riizgar yiiklemelerinin modellenmesidir. Bu is paketinde
ayrik (discrete) riizgar modellemelerinde temel olarak kullanilan Keskin Uglu (Sharp Edged) ve 1-
Kosiniis (1-cos, one-minus-cosine) riizgarlar: esas alinacaktir. Keskin Uglu Riizgar, ugaga gelecek ani
ve sabit hizli riizgardir. 1-Kosiniis Riizgar ise grafigi 1-Kosintis fonksiyonunun grafigiyle ayni olan
ve belirli bir siirede artip sonrasinda azalan hiza sahip rizgardir. Riizgarlar, sadece aerodinamik
yiiklemelerde modellenir. Bu nedenle hareket denklemlerinden matris olugturuldugunda riizgarlar,
degiskenlere bagh olmayan yiikleme olugturur. Bu durumda flutter determinanti ile ¢éziim yapilamaz.
Sadece belirli hizlarda sistemin dinamik cevab: elde edilebilir. Uciincii is paketinin amaci bu dinamik
cevaba ulagmaktir. Dordiincii i paketinin amaci riizgar yiikleri altinda Modifiye MAVRIC modelini
esas alarak aeroelastik optimizasyon yapmaktir. SU2 ve Nastran arasinda baglanti kurulabilirse aeroe-
lastik analiz bu sekilde yapilacaktir. Boylece aeroelastik analiz, yiliksek dogruluklu olacaktir. Riizgar
yiikleri altinda aeroelastik agidan optimum ugak konfigiirasyonunun hesaplanmasi bu projenin giktisi
olarak degerlendirilebilir.
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