Modelling air resistance & drag forces

At low speeds e.g. the drag force on a ball bearing falling through a viscous fluid:
At subsonic speeds e.g. the aerodynamic drag on a car, aircraft or parachutist:

For ¥2 drag’, the constant kis: K = %CDPA < cross sectional area of object

fluid density
(air is about 1kgm-3)

Drag /

coefficient

perpendicular to velocity

Note lift due to a wing (i.e. an aerofoil) has a very similar formula | F
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In this case we have a lift coefficient, which is an empirically
determined function of wing shape. Note both drag and lift coefficients

are dimensionless quantities (i.e. pure numbers).

Low speed drag
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i.e. asymptotic behaviour is

for velocity to tend to vy =19

towards ‘terminal velocity’
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This requires a numeric method to find V(X)

For Stokes drag, i.e. the drag force on a small sphere falling in a viscous liquid

I'is the radius of the sphere and  is the dynamic viscosity of the fluid (units are kgm-s-1)

Chort | il o | gt

Water 8.9x 10+
Blood 3x103
Honey 2-10
Ketchup 50-100

Peanut butter 250
Glycerol 1.2

Olive ol 0.08

Castor oil 0.99
Mercury 1.5x 103
Molten 10-25
chocolate

Pitch 2.3x 108
Upper mantle 10%

George Gabriel Stokes
(1819-1903)
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For Stokes drag, i.e. the drag force on a small sphere falling in a viscous liquid

I' is the radius of the sphere and u is the dynamic viscosity of the fluid (units are kgm-1s-1)
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Stokes drag: u =1 kgm™'s™, r = 0.005m, m = 0.01kg
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Subsonic drag kv?
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Note asymptotic behaviour
is for velocity to tend to Vv
towards ‘terminal velocity’
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Projectile motion incorporating drag

Yo =Va +(Vn 'y)At

Pro;ectlle V\gth drag: u=30ms

1 0=45° h=2m

Prolectlle wjth drag: u = Z;Om =45° h=2m

order method’ (i.e. errors in
At*) such as Runge-Kutta.

The Verlet method uses extra terms for the X,y
computation to take into account the approximation
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of constant acceleration between time steps.
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