Question:

A smooth, gentleriver isflowing past a
cylindrical post. At the sidesof the post, is
the water level higher, lower, or equal to
itslevel inthe openriver?

Drag Forces

* Viscousdrag
— Caused by surface friction in a viscous fluid.
Pressure drag
— Caused by uneven slowing of fluid flow.
Induced drag
— Side effect of deflecting flow to obtain lift.

Perfect Flow

* Pressureriseinfront.

* Pressuredrop onside.

* Pressurerisein back. '/
* Only viscousdrag.

Aerodynamic Forces

 Drag Forces
— Point directly downstream.
— Caused by slowing the flow.
Lift Forces
— Point to right angles to flow.
— Caused by deflecting the flow.

Lift Forces

¢ No separate types.
 Any deflection of fluid flow causeslift.
» Dueto shape, tilt, and motion of object.

Onset of Turbulence

* Viscousdrag slowsflow near surface.
» FHowinginto higher pressure slowsflow.
* When flows stop, turbulence ensues.




Imperfect Flow — Slow

* Pressureriseinfront.
* Pressuredrop onside.
* Pressurewakein back.
 Largepressuredrag. :

Imperfect Flow — Fast

e Pressureriseinfront. E
 Pressuredrop onside.
* Pressure wakein back
» Small pressuredrag.

Spinning Balls

« Surfacepullsflow.
» Flow faster on oneside.
* Flow isdeflected.
» Magnuslift force.

Boundary Layer

 Flow near surfaceis*boundary layer.”
At low Reynolds number, boundary layer is
laminar and slowed by viscousdrag.

At high Reynolds number (>100,000),
boundary layer is turbulent and faster.
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Turkuslerr waks |

Spinning Balls

Surface pU”SﬂOW ‘Wake dellecton fomss

Wake asymmetric.
Flow isdeflected.

Wakedeflection
lift force.




Wings

* Airflow slower under wing.
* Airflow faster over wing.
* Pressureimbalance liftswing.




