C) Turbulent flow of real liquids

Criterion for transition to laminary to turbulent
current

Current of ideal liquids: Inertia force ~ £+ v
viscous :forces of friction ~n-v-d

d: typical distance

dFg =n A7 +dV  dFp=—grad PedV  dF, = p+3+dV
Friction Force due to pressure  Gravity

Those forces spark accelerations: © = u+du

The total change of velocity u in which element of
mass in time dt from r-> r+ dr proceeds



For the x- component:
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Generally: % = & 4+ (4 -Vyu =  _
P&+ V)ii=-grad P+p.g+n-Ad

Using the vector correletion Navier-Stokes-equation
(§-§)§= L orad u? — (i x rot ) _
e Withn = 0
On bothe sides rot (ideal liquid)

Due to rot(grad P)=0 and rot grad u? =0 Zroful — rot(il x rofil) = 0
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Beeing: rotu=0 attimet — ot =0 =
If an ideal liquid without turbulence is set in motion ,
no to turbulence occurs . Force of turbulence stays constant

constant in time

Friction Is relevant at creation
of turbulence. — large ,shear force*

Example: Circulation around a ball
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The velocity is reached already at W, which is reached in case of a laminary
velocity at S, ! —> turbulence
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The energy comes from kinetic energy of the
flowing medium.

Once again wings!

Vortex = Conservation of angular momentum
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