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1 Aim of the Project

The aim of the project is to develop a design program that can perform multi- disciplinary analysis and optimization by
integrating commercial or open-source aeroacoustic and aerodynamic programs with multi-disciplinary and multi-fidelity
optimization codes to be developed within the scope of the master’s thesis. It is aimed to reach optimum solutions
efficiently in terms of calculation time by using high and low fidelity analysis methods.

2 Projenin Amaci

Projenin amaci yuksek lisans tez calismasi kapsaminda gelistirilecek olan cok disiplinli ve cok dogruluklu optimizasyon
kodlariyla ticari veya acik kaynak aeroakustik ve aerodinamik programlarini ile entegre ederek cok disiplinli analiz ve
optimizasyon yapabilen bir tasarim programi gelistirmektir. Yuksek ve dusuk dogruluklu analiz yontemleri kullanilarak
hesaplama suresi acisindan verimli bir sekilde optimum cozumlere ulasilmasi hedeflenmektedir.

-
i Construct Inputs Using
| Design of Experiment Method
\
1
L ]
! Dataset for Low Fidelity 1 [ Dataset for High Fidelity
-J:
__________________ S S—
Evaluate the Dataset using Evaluate the Dataset using
Low-Fidelity Analysis Model High-Fidelity Analysis Model
ry
L ]

i
| Construct Multi-Fidelity Sumrogate
Maodel with Co-Kriging Method

+ + + L + * | Dptimization using
l { | Mubti-Fidelity Surregate
Initial I Initiad E Initial Initial Initial Initial L Model for different
Point-1 | Point-2 | Point-3 Point-4 Point-5 o Point-k | initial conditions with
5 \

| DFF Penalty Function
— T_f —— | ;I_) - Mathod

L —

py
Evaluate the Optimization
Results and Determing
Optimum Geometry

Figure 1: Flow chart for Multi-fidelity optimization study



3 Summary of the Project

Since there are many physical interactions and disciplines that drive the design of aviation and space systems, a suc-
cessful and reliable solution can be only obtained by multi-disciplinary optimization studies. However, multidisciplinary
optimization studies using high-fidelity calculations and analysis programs require extreme calculation power and time.
Therefore, in computationally expensive design processes, high and low fidelity analysis methods are used together to
make the computations more efficient.

In this context, this project aims to develop a multidisciplinary and multi-fidelity supersonic aircraft design platform
that also addresses contemporary aviation issues such as aerodynamic performance and sonic boom. In this project, as
a contribution to the studies in the literature, open-source computational aerodynamics, aeroacoustic, multi-fidelity and
multi-disciplinary optimization methods will be coupled.

4 Projenin Ozeti

Havacilik ve uzay araci tasarimini etkileyen bircok fiziksel etkilesim ve disiplin olmasindan dolay: basarili ve guvenilir bir
cozumun ortaya cikarilmasi gunumuzde cok disiplinli optimizasyon calismalarindan gecmektedir. Ancak yuksek mertebe-
den hesaplamalar ve analiz programlar1 kullanilarak gerceklestirilen cok disiplinli optimizasyon calismalari islem gucu ve
zaman acisindan katlanilmaz boyutlara dayanmaktadir. Bundan dolayr bu tarz zaman alici tasarim sureclerinde, islem
gucu ve hesaplama suresini daha verimli hale getirebilmek icin yuksek ve dusuk dogruluklu analiz yontemleri beraber
kullanilmaktadir.

Base Geometry

Optimum G.A.

Pressure Coefficient
3.0e01

0.2
— 0.1

Optimum DFP

-0

0.1

0.2

-3.0e-01

Figure 2: Optimum geometry

Gunumuzde askeri ve sivil havacilik gelismelerine bakildiginda ses-ustu araclarin gelistirilmesi uzerine bircok calismanin

bulundugu gorulmektedir. Bu araclar, ses alt1 ucus yapan araclar ile kiyaslandiginda sonik patlama ayr1 bir tasarim kriteri
olarak karsimiza cikmaktadir. Ve guncel calismalarin sonik patlama minimizasyonu konusunda yogunlastigi gorulmekte-
dir.
Bu kapsamda, bu projede aerodinamik performans ve sonik patlama gibi guncel havacilik konularim da ele alan cok
disiplinli ve cok dogruluklu ses-ustu ucak tasarim platformu gelistirilmesi hedeflenmektedir. Bu projede literaturdeki
calismalara katk: olarak acik kaynak hesaplamali aerodinamik, aeroakustik, cok-dogruluklu ve cok-disiplinli optimizasyon
yontemlerini tek bir cat1 altinda baglagimi yapilacaktir. Calisma sonucunda elde edilecek platform ve ciktilar ile ses-
ustu ucak tasariminda aerodinamik performans, sonik patlama minimizasyonu gibi konularda iyilestirmeler saglanmasi
beklenmektedir.
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Figure 3: Pareto front curve for multi-objective optimization study.



