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FOUR Dynamic Phenomena in insect Flight

@Complicated wing

Foree generation gl kinematics

mechanisms

@Unsteady aerodynamics in
terms of vortex dynamics

@Low Res<10*

@Conventional ‘quasi-
steady’ theory never works

@Multi-body Dynamics with
6DOF

@High freq. 20~1000Hz

@Dynamic flight stability

@Maneuverability

Four Dynamics, large-scale simulation on flight dynamics,

aerodynamics, structural dynamics, and thermodynamics

2008.2.18-20 Kyoto Workshop on
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Flight control
mechanisms

Novel Mechanisms in Insect Flapping Flight
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Insects fly across a Re range by 4 orders (10! - 10¢)

Any general explanation or mechanisms?
Force generatlon

Wing span: R JFlight maneuvera

10em

10%cm

10'cmj

e \ l Re=Uclv [
0 >

104
An intogative study is a mthlca"y investigating effects of
sizing, morphology an t64'Bn insect flapping flight.

A Biology-inspired Dynamic Flight Simulator

Imaging & digitizing Simulation-based Biological Fluid Dynamics

Geometric & kinematic
modeling

CFD modeling

‘ Methods:
i i) Imaging, digitizing and modeling
| ii) Simulations of fluid flow and dynamics §

m) Vahdatlon and Vnsuahzatlon

Ky shop on
Computataonal Fluids
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A Biology-inspired Dynamic Flight Simulator
continued

Acrodynamics Energeties: Force, Moment and Power
" P

Stroke plane

Flight dynamics Pressore-gradient, Centrifugal,
2008.2.18-20 ' CKY°‘° ;Ntﬂi’;';s?%i" on and Coriolis forces
omputational Fluids

(a) Three systems: wing-fixed system (x,,, y,, 2,,), the body-fixed system (x,, ¥, 3;), and the giobal
system (X, ¥, Z); the stroke planc angle 77 and the body angle yx; the angles of pitch B, roll y,
and yaw ywith respect to the body-fixed system.

(b) Wing position parameters within the stroke plane: the wingtip path, the positional angle ¢, the
elevation angle 6, and the angle of attack cr.

2008.2.18-20 Kyoto Workshop on
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T=§,N=£lk,B=TxN

Freseef-Kerest furmuia

(a)

(b)

(a) A top-view fruit fly with a computer model superimposed on the right half and a perspective
view of the model with the extracted body centerline L and elliptic cross sections.

(b) A three-block model and grid systems for the fruit fly with two wing-fitted blocks immersed
within a body-fitted block.

2008.2.18-20 Kyoto Workshop on
Computational Fluids

Morphological models of four typical insects

Wjim.}wl:mwl‘:?g,tl‘w j, - Honeybee : ——I Fruit fly |l ]! Thrips }——

over a wide range of Res of O(10') to O(10%)

e

Rex6Gi3-~7060 Res] 666G Ru= 1 80~200 Re=10~20

Hawkmoth: wing(45x45%31),body(45x43x95) Honeybee: wing(45x45x31), body(45%x45x95)
Fruit fly: wing(45x45x31), body(45%x47%95) Thrips: wing(45x45x45), body(51x51x95)

2008.2.18-20 Kyoto Workshop on
Outer-boundary : @0hpytational Fluids
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e ﬂappmg angle (@) - elevation angle (8) = feathering angle (o)

A fruit fly (b) flaps at a higher body angle (y=45.0 deg) but horizontally ($=0.0 deg) in an “eight-

figure” motion; a hawk moth (¢) hovers at a body angle (y=39.8 deg) and a stroke plane angle of (8
=15.0 deg), resulting in a curved elliptical wing tip path.

2008.2.18-20 Kyoto Workshop on

Computational Fluids

L - Posttional angle

" Fhiwkamoti

120, - - - [l I
i Positionat angle - Elevation angie - - Feathering angl .
—§ 80 . \ 0 *
S ‘\:,\ o poe
-30 ~
-60 e Foes S N - -
- *Frui¢ iy ~Thrips® (a fy-like Kincmatic model)
1) A.P. Willmett., et al, JEB; 200 2705-2722 199 }
% g.L. Altshltller., et ai PNA S; vol vol.102; no. 13-18218 (2005)
S et al,, J.

4) F.O. Léhmann, et al JEI} 208, 3075(3092 (2005)
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Weights and computed lift forces (m/N) in hovering flights of hawkmoth, honeybee and fruitfly.

2008.2.18-20 Kyoto Workshop on
Computationat Fluids
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(a) ~ (b)
(a) Idealized wing movements of transiation and rotation (angles, velocities and
accelerations). (b) Time course of lift and drag force coefficients compared with EXPs
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muscle-mass-specific powers

Comparison of CFD and EXI;;bus_ed, time-varying
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Size effect on Near-and far field Flows

Wing span: R

10cm
Re=100~200

Re=6000~7000

Re=Uc/v
->-
102 103 104
2008.2.18-20 Kyoto Workshop on
Computational Fluids

Hawkmoth Fruiyly
@ :

(») (®)

Perspective view

Dasasiroke

Top view

No meet but expand

Y Two-jet lattice downwash wake
Iso-velocity surfaces of v, = -0.5 in perspective views of (a), (d) and (g), u), and by veloclty
contours and vectors in top and front views of (b). (c), (e), (f), and (h), (i), (k), (), for
hawkmoth and fruitfly hovering, respectively. The iso-vorticity surfaces are also visualized to

illustrate the relanonshlp between the downwashes and the VTRs.
2008.2.18 Kyoto Workshop on

Computational Fluids
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gt wmm:xw N m-mm
Physiological
acro modeimg

Physiom of Circulatory system

LR ?Aﬁﬂﬁﬁ‘:’/ Eab—-¥a>
lntegrated Slmulation of Systems Circulation

Microcircutation

Arn agitve’ OVE modeling for the whole Bod

2008.2.18-20 Kyoto Worksho
Computational Flut

Methodology: A Multi-scale, Multi-physics Simulator of CVS
4 3D modeling

The aorta and the main large arteries
are modeled one-dimensionally.

[Reproduced with modifications from [Cted from NUNER mnw
2008.2.18-20 Kyoto Wirkshoprbne P 115 *XOEEDTI0; , /28]
Computational Fluids
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A prototype, anatomically realistic arterial-and venous -tree model

A VHP-based prototype model (A:26 17y 1
A CT/MRI-based, individual model i

Kyoto Workshop on
- Computational Fluids

0-1D coupling methods

[Cited with modifications from
hip:‘www.med yale.edu |

oo mowEmy,

0~1D couphng is lmpiemented at
“the aortic inlet and the distal ends

of the large artenes vaa pressure~
 flow exchange. '

(interface ) /-’gﬁmadaﬁ h
O3 Flow
‘_—
—
Frassure
i Veny
L AN VAN v
2008.2.18-20 Kyoto Workst
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Flow waveforms in t
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Computation

Measurement

The data is from [ Alastrey, et al,
Journal of Biomechanics, 2007]

ogical dat

PORCEeO®

®
i
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0D-3D coupling:

LV-Aorta hemodynamics In health and disease, and at rest and exercise

A closed loop, lumped-parameter model

Out Flow

; Adjuil “

Is |

2008.2.18-20

Modeling of LV hemodynamics:

LV modeling

1)  Morphological and BC-conditions: 0D
model-based Volume Rate and Inflow at MV

2) Physiological conditions:
heaith and disease, reat and exercise

Inflow profile:

gra
2008.2. 1&5@'3 modeling Kyoto Wdrkshopst Exercise
Computatioma-Fuids:
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in_systoleis thong

‘the con
entricle O :
e venteicatav pumping

yoto Workshop on

Computational Fluids

An integrated LV-AA-model:

Rest Exercise DCM

2008.2.18-20 Kyoto Workshop on
Computational Fluids
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An integrated LV-AA-|

-AA- Multl-Blfurcatlonmodel

Kyoto Workshop o
Computational Fluid
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Influence of valsalva sinus

MRA measurement

e anTt1e

imensional,
contrast maknetic resopance imoging' Implications for
rc e sparing surkery, Surgery for Acquired

Without sinus  -o-.__. - Suwdicwweulre Rizwsa FIEIL o no el

With sinus

The valsalva sinus seems to stabilize the vortex flow in the Asc. A.

2008.2.18-20 Kyoto Workshop on
Computational Fluids

Influence of valsalva sinus
Measured Computed

2008.2.18-20 Kyoto Workshop on
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Future Directions

2008.2.18-20 Kyoto Workshop on
Computational Fiuids

A universal rule in biological systems:

B
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