one of the causes of the force pn a body moving inside a fluid, 1s the collision of the particles
of the fluid with the body.

When a particle collides with the body, it transfers some momentum to the body.
The linear momentum is the product of the mass and the velocity:
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The number of the particles

The mass of a particle

The speed of a particle
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The size of the body
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Instead of the (total) number of the particles, the number density is 1§<sed

The number density, is the number of the particles per volume.



The number density (of the fluid particles)

The mass of each fluid particle

The speed of each fluid particle

The size of the body

Two particles each of mass m and speed v, trasnfer the same amount of momentum
as a single particle of mass (2 m) and speed v.

Instead of the number density, and the mass, their product 1s used.
There are N particle in a volume V. So the number density 15 (IN/V).
The mass of each particle 1s m. So the total fluid mass mside the volume V 15 (m N).

And the mass densiiy 1s (m N/V), which 1s equal to [m (N/V)], that 1s
the mass of a single particle times the number density.



The relevant factors are
The mass density of the fluid: mass per volume

The speed of the fluid, or the body; to be more exact the velocity of the body relative the fluid
The size of the body

The force felt by the body (the so called drag) should be a function of the above three factors.
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The result of the dimensional analvsis:
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Dimensional analysis doesn't give the value of this constant.
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Is there any other source (cause) for the drag?

Compare water and honey

Stirring honey with a spoon 1s much more difficult than strirring water with a spoon
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Honey 1s slightly denser than water, but not very much.
S0 the difference in the the density doesn't explain the huge difference is the drag.

In fact, there are cases that a fluid with a lower density produces higher drag:
Oil is lessdense than water, but with same size and relative velocity produces

a bigger drag.



50 there should be anaother cause for the drag.

Consider the flow of a fluid when the velocity of the fluid depends on the posttion:
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Something like friction, which tries to decrease the difference between the velociiies.
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This force, of course, depends on the difference of the velocities of the layers.
This difference also depends on the distance of the layers.

This distance 1s arbitrary. A quantity which does not depend on this arbitranness,
Is the ratio of the velocity difference to the distance: more exacily, the lunit of
this ratio when the distance tends to zero. This is the derivative of the velocity
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Another relevant quantity should be the size of the layer:
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More generally, multiplying the surface area of the layer by alpha,
results in the force multipled by the same alpha.
This means that the force 1s proportional to the surface area.
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Bat whal kind of a Fuanction?
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This force is proportional to the surface lag€r, and 1s alos proportional to the derivative of the velocity.
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The relevant quantities:

The (relative) velocity v

A typical size of the body. This typical size 1s denoted by B

The viscosity eta of the fluid

And. of course, the force F itself
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5o there are two kinds of forces acting on a body which moves in a fluid:

The force doe 4o collici
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