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Bernouilli equation
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The streamlines are made visible by using smoke trails.
In streamlined flow the particles of the fluid follow a3 5
smoothly curved lines. (Holger Babinsky. 2003 Phys. streamline into a region of reduced FRERaIE,
Educ. 38 497-503.)

FIGURE 13-17 Thesmall parcel moves along a
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wing and lift
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FIGURE 13-23 The purpose of an airfoil
is to cause the streamlines to curve. Under
normal conditions the streamlines will follow
the curve of the airfoil. The airfoil shown is
very thin, like the wing of a raptor. It is very
efficient in creating lift.
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viscous fluid

FIGURE 13-26 When a viscous fluid

tlows through a pipe, the speed is greatest at
the center of the pipe. At the walls of the pipe,
the speed of the fluid approaches zero.

FIGURE 13-27 Two plates of equal area
with a viscous fluid between them. When the
upper plate is moved relative to the lower
one, each layer of fluid exerts a drag force on
the adjacent layers. The force needed to pull
the upper plate is directly proportional to v
and the area A, and inversely proportional

to z, the separation between the plates.
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viscous fluid

Tab. 5.4 Viskositat n einiger Flissigkeiten und von Luft

Substanz Ole  Glyzerin Blut 3 Blut ¢ Ather  Hg H.0 Luft
(bei 20 °C) Mittelwert Mittelwert
7 (Pa s) 1 0,83 0,0047 0,0044 0,0018 0,015 0,001 1,8-10°%

Trautwein



turbulent flow
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Biological systems & Reynolds nb

dynamical systems in aqueous environment at 310K
constituted by small-size components

4 N N

Friction (Stokes) Stochastic (Brownian)
Fs=6mtnav ~ 10°N Fgoc n¥/p™ 10°N

n: viscosity, 103 Ns/m?

for a 1um particle moving at 50um/s . density, 10% kg/m?

N NG

/

essentially




Living systems

* hydrodynamically speaking, we deal with fluids at low Reynolds
number (Purcell, 1976)

R=vlp/n

p~1lg/ecm3 n ~1g/(cm:s)
fish v~1lm/s, L~ 10 cm = R~10°

(accelerates water to propel itself)

bacteria v~10 um/s, L~ 1 um = R~ 107

(uses viscous shear to move)



Living systems

Dolphin

~dolphin®

e=—
viscous drag

Macroscopic
world A\

Plankton

Bacterium

Micro- ¥
organisms




Living systems

= bacteria thus know nothing about inertia
what’s the distance it can coast when it stops swimming ?

m(-dv/dt)=6nnav = v(t)=v(0)-et/®
with t=2a%p/9n ~ 2:107 s

the bacteria thus stops in about a micro-second coasting a distance
v(0)-T ~ 0.04 A (using v(0)=20 um/s).

o\

A, Further reading
* E. M. Purcell, Life at low Reynolds number

b . : L , Am. J. Phys. 45, 3 (1977)
50 bacteria swimming in water is * H. C. Berg, Motile Behavior of Bacteria

like us swimming in honey Physics Today, January (2000)
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