AERODINAMICA del VOLO e MORFOLOGIA ANATOMICA 

________________________________________________

LO STUDIO della morfologia delle ALI degli uccelli e tutte le implicazioni cinetiche,fisiche,aerodinamiche 

del VOLO ( Beccaccia inclusa), anche in rapporto alla Filogenesi . 
In questa breve Rassegna Bibliografica riportiamo Abstracts ed indicazioni per l’accesso a numerosissimi Lavori dedicati a questo argomento .

Risulta particolarmente suggestivo per così tante implicazioni scientifiche sul volo , questo LAVORO 
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Realistic Modeling of Bird Flight Animations

Jia-chi Wu Zoran Popovi´c

University of Washington

http://grail.cs.washington.edu/projects/flight/wu2003realistic.html
Gli schemi e Disegni sulla dinamica del Volo , permettono di capire meglio le dinamiche dei movimenti ( anche di TORSIONE) delle ALI  della Beccaccia , nelle sue varie modalità di volo al decollo , all’atterraggio, e nei saettanti movimenti in mezzo agli ostacoli del bosco.

Certamente l’argomento può interessare solo alcuni Ricercatori .
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Realistic Modeling of Bird Flight Animations

Jia-chi Wu Zoran Popovi´c

University of Washington
We found that in the process of de_ning a new bird, in addition

to specifying a skeleton, the animator needs to also de_ne the speci

_c aerodynamic properties of the bird's feathers. Unfortunately,

the measurements from the literature are incomplete even in the few

cases where they exist. Since our aerodynamic model is a simpli_-

cation of reality, it is also not clear how to determine these parameters

accurately. Currently in our framework this process is not too

far removed from a simple trial and error process. In the future,

these parameters could also be determined by optimization.
_______________________________________________________________________
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Takeoff and landing are critical phases in a flight. To better understand the functional importance of the kinematic adjustments birds use to execute these flight modes, we studied the wing and body movements of pigeons (Columba livia) during short-distance free-flights between two perches. The greatest accelerations were observed during the second wingbeat of takeoff. The wings were responsible for the majority of acceleration during takeoff and landing, with the legs contributing only one-quarter of the acceleration. Parameters relating to aerodynamic power output such as downstroke amplitude, wingbeat frequency and downstroke velocity were all greatest during takeoff flight and decreased with each successive takeoff wingbeat. This pattern indicates that downstroke velocity must be greater for accelerating flight to increase the amount of air accelerated by the wings. Pigeons used multiple mechanisms to adjust thrust and drag to accelerate during takeoff and decelerate during landing. Body angle, tail angle and wing plane angles all shifted from more horizontal orientations during takeoff to near-vertical orientations during landing, thereby reducing drag during takeoff and increasing drag during landing. The stroke plane was tilted steeply downward throughout takeoff (increasing from –60±5 deg. to –47±1 deg.), supporting our hypothesis that a downward-tilted stroke plane pushes more air rearward to accelerate the bird forward. Similarly, the stroke plane tilted upward during landing (increasing from –1±2 deg. to 17±7 deg.), implying that an upward-tilted stroke plane pushes more air forward to slow the bird down. Rotations of the stroke plane, wing planes and tail were all strongly correlated with rotation of the body angle, suggesting that pigeons are able to redirect aerodynamic force and shift between flight modes through modulation of body angle alone. 
Key words: acceleration, bird, perch

Abbreviations: Ax,wb, whole-body acceleration in the x-direction over the course of one wingbeat • BAmds, body angle at mid-downstroke • DSPAglob, downstroke plane angle in the global coordinate system • DSUS, downstroke–upstroke transition • KE, kinetic energy • PE, potential energy • SPA, stroke plane angle • SPAloc, local stroke plane angle • SPArelBA, difference between body angle and SPAloc • TAmds, tail angle during mid-downstroke • USDS, upstroke–downstroke transition • Vx, whole-body velocity in the x-direction • WBF, wingbeat frequency • [image: image2.png]
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Abstract

The relationship between mechanical power output and forward velocity in bird flight is controversial, bearing on the comparative physiology and ecology of locomotion1, 

 HYPERLINK "http://www.nature.com/nature/journal/v421/n6921/full/nature01284.html" \l "B2" 2. Applied to flying birds, aerodynamic theory predicts that mechanical power should vary as a function of forward velocity in a U-shaped curve. The only empirical test of this theory, using the black-billed magpie (Pica pica), suggests that the mechanical power curve is relatively flat over intermediate velocities3. Here, by integrating in vivo measurements of pectoralis force and length change with quasi-steady aerodynamic models developed using data on wing and body movement, we present mechanical power curves for cockatiels (Nymphicus hollandicus) and ringed turtle-doves (Streptopelia risoria). In contrast to the curve reported for magpies3, the power curve for cockatiels is acutely concave, whereas that for doves is intermediate in shape and shows higher mass-specific power output at most speeds. We also find that wing-beat frequency and mechanical power output do not necessarily share minima in flying birds. Thus, aspects of morphology, wing kinematics and overall style of flight can greatly affect the magnitude and shape of a species' power curve.
Introduction

Wing-assisted incline running (WAIR) is a form of escape

behavior in birds that consists of flapping the wings during

climbing (Dial, 2003; Dial et al., 2006). It is commonly used

by ground-dwelling species such as the Galliformes when

they have access to a sloped terrain (cliff, boulder, tree, etc.),

and may also be common among nestlings of a diverse array

of bird species (K.P.D., unpublished observation). During

flapping flight the wings produce lift, normal to the incurrent

velocity on the wing, which functions to support body weight

and to produce thrust that opposes profile and parasite drag

on the wings and body (Rayner, 1988; Norberg, 1990). As

gravity dominates the force balance even during fast flight in

vertebrates, net lift during steady flapping flight is oriented

primarily upward (Rayner, 1988). In contrast, during WAIR

it is hypothesized that lift from the wings functions primarily

as thrust that accelerates the body toward the surface of the

substrate being climbed, thereby increasing friction and

aiding the feet in gaining purchase. Previous studies using

kinematics, accelerometers and force plates have provided

data in support of this hypothesis, but uncertainty remains

about the aerodynamics of flap-running. Stroke-plane angles

are oriented toward the substrate during the early phase of

downstroke (Dial, 2003; Dial et al., 2006; Segre, 2006), and

the body is accelerated toward the substrate during most of

the wingbeat cycle (Bundle and Dial, 2003), but it has not

been established whether such acceleration is due to lift,

profile drag or inertia of the wings. One objective of the

present study was to reveal the aerodynamic function of the

wings for adults, juveniles, and even baby birds (6–8 days)

Wing-assisted incline running (WAIR) is a form of

locomotion in which a bird flaps its wings to aid its

hindlimbs in climbing a slope. WAIR is used for escape in

ground birds, and the ontogeny of this behavior in

precocial birds has been suggested to represent a model

analogous to transitional adaptive states during the

evolution of powered avian flight. To begin to reveal the

aerodynamics of flap-running, we used digital particle

image velocimetry (DPIV) and measured air velocity,

vorticity, circulation and added mass in the wake of

chukar partridge Alectoris chukar as they engaged in

WAIR (incline 65–85°; N=7 birds) and ascending flight

(85°, N=2). To estimate lift and impulse, we coupled our

DPIV data with three-dimensional wing kinematics from a

companion study. The ontogeny of lift production was

evaluated using three age classes: baby birds incapable of

flight [6–8 days post hatching (d.p.h.)] and volant juveniles

(25–28 days) and adults (45+ days). All three age classes of

birds, including baby birds with partially emerged,

symmetrical wing feathers, generated circulation with

their wings and exhibited a wake structure that consisted

of discrete vortex rings shed once per downstroke. Impulse

of the vortex rings during WAIR was directed 45±5°

relative to horizontal and 21±4° relative to the substrate.

Absolute values of circulation in vortex cores and induced

velocity increased with increasing age. Normalized

circulation was similar among all ages in WAIR but 67%

greater in adults during flight compared with flaprunning.

Estimated lift during WAIR was 6.6% of body

weight in babies and between 63 and 86% of body weight

in juveniles and adults. During flight, average lift was

110% of body weight. Our results reveal for the first time

that lift from the wings, rather than wing inertia or profile

drag, is primarily responsible for accelerating the body

toward the substrate during WAIR, and that partially

developed wings, not yet capable of flight, can produce

useful lift during WAIR. We predict that neuromuscular

control or power output, rather than external wing

morphology, constrain the onset of flight ability during

development in birds.

Key words: vorticity, circulation, added mass, lift, digital particle

image velocimetry, ontogeny.

Summary

The Journal of Experimental Biology 210, 1742-1751

Published by The Company of Biologists 2007

doi:10.1242/jeb.001701

Aerodynamics of wing-assisted incline running in birds

Bret W. Tobalske1,* and Kenneth P. Dial2

1Department of Biology, University of Portland, 5000 North Willamette Boulevard, Portland, OR 97203, USA and

2Flight Laboratory, Division of Biological Sciences, University of Montana, 32 Campus Drive, Missoula, MT 59812,

USA

*Author for correspondence (e-mail: tobalske@up.edu)

Accepted 12 February 2007

Zoology
Volume 110, Issue 3, 25 June 2007, Pages 189-196 

Wing morphology and flight development in the short-nosed fruit bat Cynopterus sphinx 
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Abstract

Postnatal changes in wing morphology, flight development and aerodynamics were studied in captive free-flying short-nosed fruit bats, Cynopterus sphinx. Pups were reluctant to move until 25 days of age and started fluttering at the mean age of 40 days. The wingspan and wing area increased linearly until 45 days of age by which time the young bats exhibited clumsy flight with gentle turns. At birth, C. sphinx had less-developed handwings compared to armwings; however, the handwing developed faster than the armwing during the postnatal period. Young bats achieved sustained flight at 55 days of age. Wing loading decreased linearly until 35 days of age and thereafter increased to a maximum of 12.82 N m−2 at 125 days of age. The logistic equation fitted the postnatal changes in wingspan and wing area better than the Gompertz and von Bertalanffy equations. The predicted minimum power speed (Vmp) and maximum range speed (Vmr) decreased until the onset of flight and thereafter the Vmp and Vmr increased linearly and approached 96.2% and 96.4%, respectively, of the speed of postpartum females at the age of 125 days. The requirement of minimum flight power (Pmp) and maximum range power (Pmr) increased until 85 days of age and thereafter stabilised. The minimum theoretical radius of banked turn (rmin) decreased until 35 days of age and thereafter increased linearly and attained 86.5% of the rmin of postpartum females at the age of 125 days.

Keywords: Flight performance; Wing loading; Growth curves; Logistic equation; Pteropodid bats
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Abstract 

Birds demonstrate that flapping-wing flight (FWF) is a versatile flight mode, compatible with hovering, forward flight and gliding to save energy. This extended flight domain would be especially useful on mini-UAVs. However, design is challenging because aerodynamic efficiency is conditioned by complex movements of the wings, and because many interactions exist between morphological (wing area, aspect ratio) and kinematic parameters (flapping frequency, stroke amplitude, wing unfolding). Here we used artificial evolution to optimize these morpho-kinematic features on a simulated 1 kg UAV, equipped with wings articulated at the shoulder and wrist. Flight tests were conducted in a dedicated steady aerodynamics simulator. Parameters generating horizontal flight for minimal mechanical power were retained. Results showed that flight at medium speed (10–12 m s−1) can be obtained for reasonable mechanical power (20 W kg−1), while flight at higher speed (16–20 m s−1) implied increased power (30–50 W kg−1). Flight at low speed (6–8 m s−1) necessitated unrealistic power levels (70–500 W kg−1), probably because our simulator neglected unsteady aerodynamics. The underlying adaptation of morphology and kinematics to varying flight speed were compared to available biological data on the flight of birds.
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The agility and manoeuvrability of a flying animal and

the inertial power required to flap the wings are related to

the moment of inertia of the wings. The moments of inertia

of the wings of 29 bird species and three bat species were

determined using wing strip analysis. We also measured

wing length, wing span, wing area, wing mass and body

mass. A strong correlation (r2=0.997) was found between

the moment of inertia and the product of wing mass and

the square of wing length. Using this relationship, it was

found that all birds that use their wings for underwater

flight had a higher than average moment of inertia.

Assuming sinusoidal wing movement, the inertial power

requirement was found to be proportional to (body

mass)0.799, an exponent close to literature values for both

metabolic power output and minimum power required for

flight. Ignoring wing retraction, a fairly approximate

estimate showed that the inertial power required is

11–15 % of the minimum flight power. If the kinetic energy

of the wings is partly converted into aerodynamic (useful)

work at stroke reversal, the power loss due to inertial effects

may be smaller.

Key words: moment of inertia, bird, bat, inertial power, flapping

flight.
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SUMMARY

The aerodynamic properties of bird wings were examined at Reynolds

numbers of 1-5 xio4 and were correlated with morphological parameters

such as apsect ratio, camber, nose radius and position of maximum thickness.

The many qualitative differences between the aerodynamic properties of bird,

insect and aeroplane wings are attributable mainly to their differing Reynolds

numbers. Bird wings, which operate at lower Reynolds numbers than aerofoils,

have high minimum drag coefficients (o>o3-o-i3), low maximum lift

coefficients (o-8-i -2) and low maximum lift/drag ratios (3-17). Bird and insect

wings have low aerofoil efficiency factors (0-2-0-8) compared to conventional

aerofoils (0-9-0-95) because of their low Reynolds numbers and high profile

drag, rather than because of a reduced mechanical efficiency of animal wings.

For bird wings there is clearly a trade-off between lift and drag performance.

Bird wings with low drag generally had low maximum lift coefficients

whereas wings with high maximum lift coefficients had high drag coefficients.

The pattern of air flow over bird wings, as indicated by pressure-distribution

data, is consistent with aerodynamic theory for aeroplane wings at low

Reynolds numbers, and with the observed lift and drag coefficients.
