8d. Aquatic & Aerial
Locomotion



Newton’s Laws of Motion

First LLaw of Motion

The law of inertia: a body retains its state of rest or motion
unless acted on by an external force.

Second LLaw of Motion

F = Ma. (Force = Mass * acceleration). A force gives a body
acceleration in the direction of the force.

Third LLaw of Motion

For every action there is an equal and opposite reaction.
If one body exerts force on another body, the second body
exerts an equal but opposite force on the first.
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Forces acting on a Fish in Water

Weight
(pull of gravity)

Ll

&
— —
Drag —— 7 ﬁ”; / - & Thrust
i ' = @ = (generated by animal)
(friction or pressure) ___ﬁ;}:
% "Q"%:“ 5
A, Sundi
” Mass and buoyancy
T operate all the time.
Buoyancy Thrust is generated by
: the animal to move. Drag
(lift of water) . . :
arises when the animal is
in motion.
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Regulation of Buoyancy in Fishes with Swim Bladders/Lungs

Swim bladder

Body cavity

“Flesh” is slightly denser than water, so without generating any lift, a fish will sink.

Most living fishes (except chondricthyans) have swim bladders or lungs to regulate
buoyancy (by controlling the amount of gas inside).

Neutral buoyancy = having the same average density as water so that animal
does not sink or float in the water column.
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Generation of force via lateral undulation

Reaction of water Lateral thrust Thrust of tail
' ﬁ Propulsive  against water

Forward thrust

Overall direction N TR e
of motion ;
-

Propulsive segment

Reaction of water | ateral
thrust
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Generating Thrust: Oscillatory and Undulatory movements

Pectoral Fin Oscillation

Pectoral Fin Oscillation +
Lateral Undulation

Size, Speed and Swimming Effort
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Novel Worlds: Body Size and Media

Reynolds Number = density * length * velocity / viscosity

Viscosity Both effects Inertia
dominates are important dominates
7 A —— a2 —— — A
103
w 100
E
>
31073
~ .
Inertial
10-6 |
100 103 106

Reynolds number

Ratio of inertial forces to viscosity forces or: Re tells us how important is viscosity?
The transition from laminar to turbulent flow occurs at an Re of 2000 (Re is a di17nensi0nless

number)
14



Laminar vs Turbulent Flow

Low velocity — laminar flow

e

High velocity — turbulent flow
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[LLaminar vs. Turbulent Flow

Friction Drag

e Boundary layer of water surrounds

moving fish. 7o Laminar Flow

* Innermost layer moves at same speed
as fish, but outer layers move more
slowly, eventually moving same speed
as surrounding water.

e Shear forces between adjacent /
. . A. Laminar flow Inner part of boundary layer
boundary layers cause friction drag.

Inner part of boundary layer

Pressure Drag E////,/_/—(\ﬁ
. . /// /_\ /,:
e Result from differences in water - (Q)) ‘\Q)\]\ ‘\@\,‘\
Yoz ) Sl 4 - ) /)

pressure between front and rear of T

fish. (often high in front, lower behind ——

i\\ Vortices
3 \

-- creates vacuum). E \\;’J/} 62/1/ @) |/
Body Shape and Drag tradeoffs T ———— }\\ﬂ
e Sphere: high pressure drag, low RS o Separton of ayers

friction drag Turbulent Flow
e Long, thin body: low pressure, high

friction.

e Fusiform shape is best compromise.
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Wake visualization: looking at fluid vortices

Digital Particle Image Velocimetry
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Flight: Swimming through the Air
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Vertebrate Airfoils: Gliders

A. Gliding lizard, Draco B. Flying squirrel, Glaucomys

Rib
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Vertebrate
Airfoils: Wing
for Powered
Flight
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A. Dorsal view of wing surface showing coverts, alular quills and flight feathers (= remiges)
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B. Ventral view of wing after removal of covert feathers



Lift and Turbulence

Plane of wing

Air stream

Plane of air stream
A. Ahigh angle of attack () produces greater lift but also causes lift-reducing turbulence

above wing
7Terminal wing slots
Alula Plane of wing
.................................... ———— e /\—‘ \
Leading edge
RS Air stream -
A0 7 e - SE
. oo B

7 B ]

> :

A —— F=—__ I
P / T T

T s Plane of air stream
- h) P %

B. Adding a slot at the front of the wing increases airspeed above the wing and reduces
turbulence
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: Bernoulli's Principle states that as the
Bernoulli Effect speed of a moving fluid increases, the

pressure within the fluid decreases.

Energy per unit volume before = Energy per unit volume after

2 2
P+ pvy + pg;\h1 = P, +,pV, + pgh,
A

Pressure| |Kinetic | |Potential or ConserVGTion Of ener'gy in flUldSl
Energy | |Energy Energy

The often cited example of the
Bernoulli Equation or "Bernoulli
Effect” is the reduction in pressure

per unit| |per unit
volume volume

ST TR = .~.,'.'..v " o . -
Flow velocity Flow velocity / which occurs when the fluid speed -
V, Vs increases. C /\ -
CcCo .

_» ]
M Ar< A ==& :
-

——— sy, )
. »
J\_,_ This is a top view, and
P< P!

PQ the baseball will curve
, to the right as seen by
P Increased fluid speed, - —_ the pitcher.
1 decreased internal pressure. This side of the
spinning ball will CC T o
increase the CC‘ c (E))flrtzcr:{t)n:)vn
speed of the air
flowing by It, and [~ C\ —
by the Bernoulli
or how to throw a curve ball... | ernceiewi = == \N / ,
reduce the air Direction
pressure. of curve

http://hyperphysics.phy-astr.gsu.edu/hbase/pber.html
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http://hyperphysics.phy-astr.gsu.edu/hbase/pber.html
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Bernoulli Effect

——— over the top than the bottom.

!

Airfoil
maotion

— Increasing angle of attack
T i————  increases lift.

But too great an angle of attack
and turbulent flow increases drag
too much -> get stall.

http://hyperphysics.phy-astr.gsu.edu/hbase/pber.html

Zoology 430: Animal Physiology

Shape of airfoil is important. Top must
have "hump"” so that air moves faster


http://hyperphysics.phy-astr.gsu.edu/hbase/pber.html

Lift: Circulation around the wing

Generates negative pressure

i, above wing, positive
- -\ pressure below ("LIFT")
Vi

Vv <+ + F % _
N\ - ? Effective lift

Lift
A. Airflow around an aerfoil :
Dependent on the curvature

7 & angle of attack

A"'St/am' C

>y“ Induced drag

B. Shedding of induced flow as wingtip vortices
Turbulence is reduced if the

circulation is shed "nicely”

as wingtip vortices
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Y Gravity
C. Resolving lift vector into effective lift and induced drag



Shedding wing-tip vortices can add more

lift
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A. Wing motions during powered flight Vertical component
. of local lift
Local lift

& Forward Induced
\ component
AN of local lift

—y

Direction \—x
of flight

Upstroke

Downstroke

3

B. How shedding wing-tip vortices contribute
additional lift

. Upward and forward
/ reaction on bird

@/ Vortices fused \ O
: . here at top ‘
Vorticity  of ypstroke e

Circulation of Direction of
vortex ring Downward flow movement of
of air through ring vortex ring



Radius and Humerus ——— Foramen triosseum

<

“‘Mf\é“m“

Supracoracoideus
(upstroke)

Coracoid

Sternum

Pectoralis
(downstroke)

D. Mid-upstroke C. End of downstroke B. Mid-downstroke A. Upstroke-downstroke
transition

\\\\\\ ~

&

o A ey,
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Insect F||ght In most insects, flight muscles attached

indirectly to wings via thorax.

(a) Damselfly (b) Wasp
Giving them very high wingbeat
frequencies.
But little control other than flapping.
y y , Odonates (dragonflies, damselflies,

X C .
Pivot point rather primitive insects), have muscles
- d 0 attached directly to wings

_— Elevators

(1| contract | | " Elevators contract,
Depressors W |/ flattening and lengthening
stretched =" thorax, which stretches

depressors.

Much better control (important
because they are large predators),
but slow wingbeats (200/sec)

Depressors  Depressors contract, ~ Elevators
contract  shortening thorax and ~ stretched
causing it to bulge, which
stretches elevators.
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Soaring T
P
£y 4

A. Mechanism for static soaring B. Wings of a static soarer

\ U0

Broad wing

Wind velocity Pointed wing tip

Long and
narrow wing

Zoology 430:Ar  C. Mechanism for dynamic soaring . Wiioh of s smaiic boarer
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BUT Insect wings are not large enough to get
enough conventional lift:Visualize Flow
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Insects Geg additional lift from wing- tlp
vortices! 3




Human Engineers Learn from Animals
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