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Today:

* Fluid friction:
—Viscous and turbulent drag
— Turbulent drag force
— Damage from hurricanes
— Air drag
— Fish and bird formations
— Terminal speed
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Laminar Flow: Low Turbulent flow: High

velocities / small velocities / larger
diameters / "thick" dia-meters / "thin"
fluids = viscous fluids = turbulent
drag drag
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The force due to turbulent air drag depends on the
density of the fluid p (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, p, A, and v? D o 4%V

D\ & A v
A. D o« pAv
m | %4 2 ( 2
p=kB) 5 mt B,) D o« pAv
C. D o pA%v
= o= y<2 f3=1 D. D=pAv
= Do AV E. D =pAv?
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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:




Wind Forces:

D=(1/2) C p A v?,

Assume C=1
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Damage from Hurricanes:
D=(1/2) C p A v7, Pwater ~ 800 Py

-
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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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=) (Y_‘:."i)zt Sare 7 o E ~ 80 mi/h
va fmk/ - &§00



Air Drag in Auto Design:
D= (1/2) C p A v2
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Air Drag in Auto Design:
D=(1/2) C p A V2
Honda Insight: C,=0.25, MPG =70




Air Drag in Auto Design:

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




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




Air Drag In Luge:
D = (1/2) C p A VA

Record luge speed: 85 mi/h



Air Drag In Cycling:
D=(1/2) C p A V2




Air Drag In Cycling:
D =(1/2) C p A V2

World Speed Records:

200 m, flying start:
71.3 km/n (~45 mi/h)

1 hour:
56.4 km/h (~35 mi/h)




How does the drag force exerted on a cyclist
moving at v = 54 km/h compare with the force
exerted on a cyclist moving at v = 27 km/h?

D (54 km/h) / D (27 km/h) = ?

A, 14
B. 1/2
c. 1
D. 2
—
\E) 4




Air Drag in Cycling:
D =(1/2) C p A V2

How fast could

you cycle if you

could eliminate
alr drag?




Bonneville Salt Flats, Utah:




Bonneville Salt Flats, Utah:

John Howard, USA, 1985: 152 mi/h
Fred Rompelberg, NL, 1995: 167 mi/h

(Rompelberg was 50 years old at the time.)




Bird Formations During Migration:




) 9 BIRDS
TIP SPACING: 1/4 SPAN

STREAMLINES BEHIND | VERTICAL WASH BEHIND {}j
_,Vﬂm/ WING {},

By taking advantage of upward moving air pro-
duced by their neighbors, migrating birds traveling
in “Vees" can travel 1.7 x as far as individual

birds. (~40% energy savings/mile).



Fish Schools




By swimming in synchrony in the correct formation,
each fish can take advantage of moving water
created by the fish in front to reduce drag.

Fish swimming in schools can swim 2 to 6 times
as long as individual fish.
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TABLE 6-1 SOME TERMINAL SPEEDS IN AIR

TERMINAL 95%
SPEED DISTANCE?

OBJECT (m/s) (m)
16 1b Shot 145 2500
Sky diver (typical) 60 430
Baseball 42 210
Tennis ball 31 115
Basketball 20 47
Ping-Pong ball 9 10
Raindrop (radius = 1.5 mm) i 6
Parachutist (typical) 5 3

aThis is the distance through which the body must fall from rest to reach
95% of its terminal speed.
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As she falls faster and faster
through the air, her acceleration
Q) increases

(@iecreases

c) remains the some
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