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Today:

A Fluid friction:

I Viscous and turbulent drag
I Turbulent drag force

I Damage from hurricanes

I Air drag

I Fish and bird formations

I Terminal speed
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Laminar Flow: Low Turbulent flow: High

velocities / small velocities / larger
diameters / "thick" dia-meters / "thin"
fluids Y viscous fluids Y turbulent
drag drag
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The force due to turbulent air drag depends on the
density of the fluid r (in kg/m3), the area A swept out
by the object as it moves through the fluid (in m?),
and the object's speed v relative to the fluid (in m/s).

Using dimensional analysis, what is the relation

between D, r, A, and v? D oc £ A%V
D\ % A v j
P A. D TrAv
=K ;f's mt Py (B) D" rAv?
C. D’ rA%
= o=l y=2 [fi-| D. D=rAv
2 Dot § AV E. D=rA?
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Detailed Analypis:



Dra
Shape Emﬂin?ant

Sphere —» 0.47

Hali-sphere —®

O
(

Cong —» q 0.50
<

0.42

Cube —* 1.05

Angled Cube ——p 0,80
Long Cylinder = 0.82
Short Cylinder —* 1.15

Streamlined l:_:::- 0.04

Streamlined ——p

Half-body Fan S

Measured Drag Coefficients



Damage from Hurricanes:
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Wind Forces:

D=(1/2) Cr A v?,

Assume C°1
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Damage from Hurricanes:
D=(1/2) Cr A v?, I ater ~ 800 T
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BILL WARREN / Journal Staff

Ithaca Firefighter Chris Kourkoutis, right, helps Allison Crouch cross Taughannock Creek after she got stranded with two others on the
northern side of the creek Thursday afternoon at Taughannock Falls State Park. Trumansburg and Ithaca firefighters worked together to

set up the rescue.

Trio rescued at Taughannock Creek
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What speed v,, of flowing water will exert

approximately the same drag force on a Stop sign
as the 160 mi/h wmd from a hurricane?
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Air Drag in Auto Design:
D=(1/2) Cr A v?
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Air Drag in Auto Design:
D=(1/2)Cr A v?
Honda Insight: C,=0.25, MPG =70




Air Drag in Auto Design:

D=(1/2) Cr A v2
Jeep Cherokee: C,=0.51, MPG=21




Air Drag in Ski Jumping:
D=(1/2)Cr A V2




Air Drag In Luge:
D=(1/2)Cr Av?

Record luge speed: 85 mi/h



Air Drag In Cycling:
D=(1/2)Cr Av?




