Zoology 427 Biomechanics 2011
Lecture 19. Shape and drag

‘Recap drag and the Reynolds number
‘Drag and its coefficient

‘How size, shape, and the Reynolds number
determine drag

-Streamlined bodies and swimming energetics

‘When does drag matter? A return to earlier
biomechanical problems.

The Reynolds number measures the relative importance
of intertial and viscous stresses in determining the flow.
Conservation of Re implies identical flow patterns

Pressure stress: P ~ p u?
Shear stress: T ~ W u/L




Pressure stress: P ~ p u? R pul
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Shear stress: T ~u u/L u

Bacteria ~10->

Spermatozoa ~10-4

Ciliate ~10-1

Smallest Fish ~1

Blood flow in brain ~ 1 x 102

Blood flow in aorta ~ 1 x 103

Birds flying 1 x 104

Typical pitch in Major League Baseball ~ 2 x 10°
Person swimming ~ 4 x 106

Fastest Fish ~10°

Blue Whale ~ 3 x 108

A large ship (RMS Queen Elizabeth 2) ~ 5 x 102

Drag arises from pressure and frictional stresses

a force D ~pSu?/2
D=C,pSu?/2
drag coefficient \/ projected surface area
shape | Size
Pressure stress: P ~ p u? LRe = 2ul
Shear stress: T ~ u/L ] w
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Shape Effects on Drag Research
Center

The shape of an object has a very great
effect on the amount of drag.
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All objects have the same frontal area.

all at high Re
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D=0.5C,pSu?

a terminal situation drag
buoyancy
weight = mg

at equilibrium
mg=05C;pSu?+Vpg
Vp.,g=05C,pSu?+Vpg
41tr3 p. g9/3 = 0.5 Cyp Tr2 u? + 4mr3 p g/3
4r (p. - p)g/3 = 0.5 C, pu?

Consequences to porpoising?

Fluid Dynamic Power =D u = 0.5C,p S u3

“
N

Power = 0.5 C4 p S (Uyertica® + Unhorizonta>) iN Water phase
~ 0 in air phase




How do aerodynamic
forces affect biological
processes?

*Spores illustrated
eSmall running
creatures

m du,/dt =-0.5 pS C, (u2+ u,?))
mduy/dt=-mg- 0.5pS C, (u2+u,?)

C, = 24/Re + 1/(1+Re5) + 0.4
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How do aerodynamic
forces affect biological
processes?

*Spores illustrated
eSmall running
creatures

Mathematica
DEMO




How do aerodynamic
forces affect biological
processes?

*Spores illustrated
eSmall running
creatures

How do aerodynamic forces
affect running energetics?

Power = (1 +vy) M g2b/8V+ m V3/2(a+b)
= (1+y)Mg2aj/8V+ m V3/2a(1+))
+0.5pS Cy(V) V3
How does Power vary with

foot mass (m)?
body mass (M)?

body velocity (V)? DEMO
leg length (~a)?
jumpiness (j)? -V
Drag? |
h
A’

t=(a+h)V
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