Chemical Engineering 374
Fluid Mechanics

External Flows and Drag

* Previous

— Internal flows:
— Flows in pipes
— Friction

Last time

— Boundary layers

Today

— Flow around objects
» Separation
» Streamlining

— Drag
» Coefficients

— Calculations
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Some Questions

* Why are golf balls
dimpled but ping pong
balls are smooth?

* Why are cars
streamlined?

* How and why does
shape matter?

* What is separation :
and how does it form?

* What happens to the .
velocity of falling

- Objects?
iBYU;

What is drag
Where does it come from?
What affects it?

Some pictures...
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* Whatis drag
¢ Where does it come from?
¢ What affects it?

» “Drag is the net force a fluid exerts on a
body in the flow direction”

* Two types:

— Friction drag
» Along the surface
» Dominates at low speeds (lower Re)

— Pressure drag
» Normal to the surface
* “Form drag”
» Dominates at higher speeds (higher Re)
* Primarily due to flow separation / wakes
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Drag Coefficients




Drag vs. Re
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Example
Question:
If you drop a droplet of water in air, what happens to its
velocity?
— Starts at 0.

Gravity accelerates it: v increases
As v increases, drag increases until gravity matches drag.

- 2 V=V

Problem

— Find vy, of a water droplet in air C, = F

- D=1mm Apgv?/2
- p~1.2 kg/m3 l

- v=u/p = 1.5E-5 m?%s 1

~ C4=05 F = gpsAv?

5 Q: What if Cy = Cy(Re) instead?
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For mitigation of vortex-shedding induced vibration :

Eliminates cross-wind vibration, but increases drag coefficient and along-wind vibration
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