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Fig. 2.13 Possible classification of continuum fluid mechanics.

red blood cell, moving through any fluid, for example, air, water, blood plasma? The
answer (which we’ll discuss in much more detail in Chapter 7) is that we can! It turns
out that we can estimate whether or not viscous forces, as opposed to pressure forces,
are negligible by simply computing the Reynolds number

VL
Re = p—
1

where p and u are the fluid density and viscosity, respectively, and V and L are the
typical or “characteristic” velocity and size scale of the flow (in this example the ball
velocity and diameter), respectively. If the Reynolds number is “large,” viscous effects
will be negligible (but will still have important consequences, as we’ll soon see), at
least in most of the flow; if the Reynolds number is small, viscous effects will be
dominant. Finally, if the Reynolds number is neither large nor small, no general
conclusions can be drawn.

To illustrate this very powerful idea, consider two simple examples. First, the drag
on your ball: Suppose you kick a soccer ball (diameter =8.75 in.) so it moves at
60 mph. The Reynolds number (using air properties from Table A.10) for this case is
about 400,000—by any measure a large number; hence the drag on the soccer ball
is almost entirely due to the pressure build-up in front of it. For our second example,
consider a dust particle (modeled as a sphere of diameter 1 mm) falling under gravity
at a terminal velocity of 1 cm/s: In this case Re ~ (0.7—a quite small number; hence the
drag is mostly due to the friction of the air. Of course, in both of these examples, if we
wish to determine the drag force, we would have to do substantially more analysis.

These examples illustrate an important point: A flow is considered to be friction
dominated (or not) based not just on the fluid’s viscosity, but on the complete flow
system. In these examples, the airflow was low friction for the soccer ball, but was high
friction for the dust particle.

Let’s return for a moment to the idealized notion of frictionless flow, called
inviscid flow. This is the branch shown on the left in Fig. 2.13. This branch encom-
passes most aerodynamics, and among other things explains, for example, why sub-
and supersonic aircraft have differing shapes, how a wing generates lift, and so forth.
If this theory is applied to the ball flying through the air (a flow that is also incom-
pressible), it predicts streamlines (in coordinates attached to the sphere) as shown in
Fig. 2.14a.
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Flow.

g CLASSIC VIDEO

Fundamentals—Boundary Layers.



