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Methods

Objective
flutter needs to be addressed in the conceptual design of modern transonic
transport aircraft. When flutter occurs, a diverging aeroelastic response is created where
there is a net gain of energy to a structure’s vibration. This results in dangerous structural
oscillations and possibly component failure.

A

E rodynamic

The objectives of this work are to create a fast flutter prediction model of the common
research model (CRM) wing. The model needs to be accurate yet fast to evaluate and will
consider transonic flow conditions.

Key Challenges

Preliminary Results
The objective of this research is to model the CRM wing, but the AGARD 445.6 Case has been
studied this semester and been used with the development of the open source framework.
Presented below are results obtained on the AGARD wing:

CFD Modeling
The generalized equations of motion are given by:

(ΦT MΦp2 + ΦT BΦp + ΦT KΦ)ΦT δ = ΦT f
(M̄p2 + B̄p + K̄)η = F
where Φ is the mode shape matrix, M̄, B̄, and K̄ are the structure’s generalized mass, damping, and stiffness matrices, and where η and F are complex vectors containing each mode’s generalized displacement
and generalized aerodynamic forces. Finally, p = ω(γ ± i) is a particular mode’s eigenvalue. Shown below
are Harmonic CFD simulations that are used to find the generalized forces in each mode.

• Aerodynamic effects such as shock waves and flow separation cause flutter speed to decrease – a phenomenon known as transonic dip [2]

• Accurate physics-based simulations are needed to predict flutter
• Simulations are computationally expensive
• There are a large number of variables in multipliscinary design
• Fast models are needed

Fig. 3: Harmonic CFD Simulations

GAIC Modeling via Co-kriging
A cheap way to evaluate the flutter response that is used in this work is Regression Cokriging [1]. Regression Cokriging is a meta-modeling technique that uses information from both cheap, low-fidelity simulations
and accurate, high-fidelity simulations to model the generalized aerodynamic influence coefficient (GAIC)
matrices. This involves a two-step setup process:

Fig. 6: Mode Shapes of the AGARD Wing

• Regression Kriging on low-fidelity data
• Regression Kriging on the residuals

Conclusion and Future Work

Fig. 1: Transonic Dip Phenomenon
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An overview of the modeling approach is shown below:

YLF

• A framework for multifidelity flutter prediction is under development

Xtraining = {XHF, XLF}
update sampling plan

• The framework will be validated using the AGARD wing

Ytraining = {YHF, YLF}

• The major contributions of this work are:

metamodeling

– The first multifidelity flutter analysis of the CRM wing
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– An open-source python-based computational framework

• Future work will embed our flutter prediction within an optimization framwork to enable a
computationally efficient design of the CRM wing

Fig. 4: Metamodeling Flowchart

Flutter Analysis via the P-K Method
Once the GAIC matrices are obtained, the generalized equations of motion must be solved to compute
damping as a function of Mach number. The p-k method used in this approach is a non-iterative algorithm
proposed by Pitt [3]. Plots illustrating this method are shown below:
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Fig. 2: Modeling Approach

The process begins by defining the wing geometry and the structural parameters (material,
number of ribs, number of spars, etc.). After preparing the geometry for analysis, a modal
evaluation is performed to extract the mode shapes. These are then used in CFD simulations
to simulate harmonic motion of the wing. Finally, the simulations can be used to predict flutter.
Note that the importance of using a Metamodel is to reduce the number of necessary CFD
computations.
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Fig. 5: Flutter Analysis

