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\Our Approaches: Integrated computation,
analysis, and optimization platform
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Data Acquisition




Modeling and 3D Surface Reconstruction reRG
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Koehler et al. JEB, 2012




3D Modeling of Hummingbird Flight

High-speed images are from Bret Tobalske’s lab



Low dimensional analysis of wing morphlp_.ghG
Singular value decomposition (SVD) V 9

(" .
* Image processing
« Data compression

* elc...
\ Liang, Lee, et al., 2002 )

* Turbulent flow «( S\7D W» * Human gaits

analysis Urtasun, Fua, et al., 2004
Berkooz, Holmes, et al., 1993 [ Data analysis

«  Optimality
* POD, PCA, etc...
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SVD analysis for flapping flights
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Singular value decomposition (SVD) of Morphing Kinerﬁg;
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In-house Immersed Boundary Method- gske
based High-fidelity Flow Simulation Solver'

- Sharp Interface Immersed Boundary Method(IBM)
- Simulations on non-conforming Cartesian Grids:
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Validation I: Wake structures of a Pitching Foil ska

Schnipper et al.2009 Computation results done by PICUr3D=DAB
JEM
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Validation ll: Flow of a Translational Plo’re

- Rectangular Plate in Translation
(AoA 45°, AR=2, Re=495)
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Parallel Curve Searching Optimization Frame

Calculate Gradients of Input

Parameters: Finite Difference

=®(X+Ax)—q)(x)
AX

G

tep Size Determination: Inexa
Curve Searching

>

Computation

Intensive

¢ Reduce design variables
o Low dimensional model
o SSVD dominant modes

¢ Parallel computing

% Inexact curve searching
o Decent condition
o Update searching
direction every trial run



Validation: Hovering Plate with Dynamic Trailing-Edge Flap
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New Science: Role of Flexibility in 1;3%5
Flapping Dragonfly Wings .




SSVD modes of the forewing of a hovering FQRG
dragonfly A
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Low-dimensional modeling of wing  FSR&
kinemafics .
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Effects of model dimensionality: performcncé\"_/SRﬁ
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New Modeling Beyond Biology: change of

mode 2 amplitfude
Modified  Flapping

— Mode 2
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Performance and Flow Modulation due to Mode ESRG
Amplitude Change YV
100% mode 2 0.95 1.08 1.01 0.94
50% mode 2 0.60 1.32 1.26 0.48
75% mode 2 0.82 1.21 1.14 0.72
125% mode 2 0.94 0.94 0.85 1.11
150% mode 2 0.93 0.82 0.73 1.27 +35.1%
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Performance Investigation by altering the morphing timing

» Modification of Morphing Timing
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Optimal Settings of Mode Amplitude and Mode Phase
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Flow Analysis of Optimal Cases
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Wing Tip Vortex Analysis
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Ongoing work on Hummingbird Wing Morphin
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\Summory

1. An effective platform has been
developed for the study of bio-
inspired locomotion

2. Low dimensional analysis has shown
the importance of the low
dimensional modes.

3. Analysis of the wing morphing of @
hovering dragonfly has implied the
connection between the lift
enhancement and increasing the
LEV strength, efficiency
improvement and reducing the tip
vorfices.







