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Motivation
Unified Framework for
Aeroelastic Analyses
using CFD Tools
[ Stability Problems } [ Response Problems ]
Fast Flutter Method NROM for Gust Analysis
+ Demonstration on full scale + Straightforward extension of
Airbus production aircraft Fast Flutter Method
done earlier this year « Soon demonstration
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Fast Flutter Method
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Aeroelastic Eigenvalue Problem

’ n: number of structural modes ‘

Q@) =—A; (A —ial )71(Af17+ia)Af;7)
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’ pre-computed samples of Q

fr

’ n linear solves per sample

Airbus Demonstration — Basic Flutter Process

Python job control ]

1. |2

Search

A A /
CFD solver (TAU)

Stability toolbox

Kriging toolbox
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CFD input files

[ CFD parameter file ]

[ Mesh ]
K[ Mode shapes ]

CFD output files

J

1. [ Steady flow solution
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2-[ Aero matrices Q

9 5
=
om
= £
EL
B2 L
S o
wv O
+

N\

J

Mode traces ]

12/12/2012



Goland Wing/Store Case
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Euler simulation
* mesh with 400,000 points
« four elastic modes
* no structural damping
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Mode 1 — f=1.69 Hz

Mode 2 - £=3.05 Hz
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Mode 3 — £=9.17 Hz Mode 4 — £=10.8 Hz

Goland Wing/Store Case
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Element of Aero matrix Q

* samples
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Goland Wing/Store Case

0.15
- Mach 0.845

ol ye Mode traces

Feasibility demonstrated for production aircraft
* 40 million mesh points

damping ratio
=
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+ 1 million surface points

100 flexible modes

o8l + RANS-SA
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ROM for Gust Analysis
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Da Ronch et al., AIAA Paper 2012-4404

ROM for Gust Analysis

w=f(w,u,)

millions of DOFs ‘ l
< W =W, + AW

AW = f(WO)-i-AAW-i-aiAUg +H.OT.
u

g

o=
_ 7' =0
1=Az+¥" aiAug
u
g
A diagonal eigenvalue matrix

BRy uiveRsiTy o @ : right modal matrix
& LIVERPOOL ¥ : left modal matrix

l AW =7+ D7

Connection with Fast Flutter Method

* ROM requires eigenvalues and right and left eigenvectors

A=diag(4, 4. 4), @=[py, p,...., p,] and ¥ =[q,,q,,...,q,]

where p=[p¥, DI]T and Q=[Q1,qu]T

* Basic Fast Flutter Method provides
right structural eigensolution

A and p,
left structural eigensolution; comes at “no” extra cost
A and q, At
Q=-A, (A, ~iol) (A, iTh,)
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Connection with Fast Flutter Method

Extend the basic method to calculate the fluid eigenvectors

Pl =—(Ay —41)Ap! for j=1,...,n

qi =—(Af -4 1)*Alg! for j=1,...,n

’ Additional cost of 2n linear solves

ROM also needs gust influence vector; done with a finite difference

of  f(x+euy)—f(x—euy)
ou, 2¢

K&d UNIVERSITY OF

</ LIVERPOOL

Airbus Demonstration — Extended Process
CFD input files

Python job control ] [ CFD parameter file ]
[ Mesh }
1. |2. |3.
S [ Mode sh ]
st oae shapes
3 v Vv v \_ )
CFD solver (TAU) CFD output files

1.[ Steady flow solution Jﬁ

2-[ Aero matrices Q }

Static loads
+deformation

[ Fluid eigenvectors

3.
N

A 4

NROM toolbox Mode traces ]
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Goland Wing/Store Case
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New TAU Developments

+ Parallel transpose for block CSR matrix o
parallel communication.

)
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New TAU Developments

+ Parallel transpose for block CSR matrix

* TAU LFD solver: it is all about solving linear systems

MG — GMRes - block ILUR—-GCR - block ILU¢— GMRes

» Outperforms MG-GMRes significantly
+ Still works, when MG-GMRes fails
» Expected for next TAU release

*  Matrix Ay

* was already formed element-wise when integrating surface LFD
solution <Nt
Q=—A;(As —lal) " Aq
* now written to disk to form RHS for left eigenvector calculations

(Af -4, hal =—ATq! for j=1,...,n
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Suggested Future TAU Developments

* Main costis in solving linear systems
« Better initialisation of solution x, to solve: AX=Db

* TAU LFD solver:
MG — GMRes = block ILUR—-~GCR - block ILU¢— GMRes

+ Currently: form A, and block ILU of A4, then solve for one RHS b
 Better: solve for multiple RHSs (i.e. for all modes) in one go

» Apply inter : : ielai
PPy P Cost savings up to 50% possible !?!

Y=—(Aq—ia) A, > pf=—(Ay —41) " Agp!

» Gustinfluence matrix for random and localised gust excitation
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Outlook
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Outlook

* ROM for gust analysis implemented using DLR-TAU solver

+ Extend residual expansion to account for altitude variation

AW = (w,)+ AAW+iAug +iAH +HOT.
ou oH

g

« Demonstration for full aircraft model — XRF case
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Euler simulation

mesh with 800,000 points
15 elastic modes

no structural damping

XRF Case

Mach 0.85 — mean Cp
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XRF Case

Mode 2 - Real(C))

.25
Soon demonstration for production aircraft
* 40 million mesh points

1 million surface points
100 flexible modes
RANS-SA
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