FIGURE 10-30 Venturi meter.
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Other Applications

A venturi tube is essentially a pipe with a narrow constriction (the throat). The
flowing air speeds up as it passes through this constriction, so the pressure is
lower in the throat. A wventuri meter, Fig. 10-30, is used to measure the flow
speed of gases and liquids, including blood velocity in arteries.

Why does smoke go up a chimney? IU's partly because hot air rises (it's less
dense and therefore buoyant). But Bernoulli’s principle also plays a role. When
wind blows across the top of a chimney, the pressure is less there than inside the
house. Hence, air and smoke are pushed up the chimney by the higher indoor
pressure. Even on an apparently still night there is usually enough ambient air
flow at the top of a chimney to assist upward flow of smoke.

If gophers, prairie dogs, rabbits, and other animals that live underground are
to avoid suffocation, the air must circulate in their burrows. The burrows always
have at least two entrances (Fig. 10-31). The speed of air flow across different
holes will usually be slightly different. This results in a slight pressure difference,
which forces a flow of air through the burrow a la Bernoulli’s principle. The
flow of air is enhanced if one hole is higher than the other (animals often build
mounds) since wind speed tends to increase with height.

Bernoulli’s

Bernoulli’s equation ignores the effects of friction (viscosity) and the
compressibility of the fluid. The energy that is transformed to internal (or
potential) energy due to compression and to thermal energy by friction can be
taken into account by adding terms to Eq. 10-5. These terms are difficult to
calculate theoretically and are normally determined empirically. They do not
significantly alter the explanations for the phenomena described above.

m Viscosity

Real fluids have a certain amount of internal friction called viscosity, as
mentioned in Section 10-8, Viscosity exists in both liquids and gases, and is
essentially a frictional force between adjacent layers of fluid as the layers move
past one another. In liquids, viscosity is due to the electrical cohesive forces
between the molecules. In gases. it arises from collisions between the molecules.

The viscosity of different fluids can be expressed quantitatively by a
coefficient of wiscosity, 9 (the Greek lowercase letter eta), which is defined in
the following way. A thin layer of fluid is placed between two flat plates. One
plate is stationary and the other is made to move, Fig. 10-32. The fluid directly
in contact with each plate is held to the surface by the adhesive force between
the molecules of the liquid and those of the plate. Thus the upper surface of the
fluid moves with the same speed v as the upper plate, whereas the fluid in
contact with the stationary plate remains stationary. The stationary layer of fluid
retards the flow of the layer just above it, which in turn retards the flow of the
next layer, and so on. Thus the velocity varies continuously from 0 to », as
shown, The increase in velocity divided by the distance over which this change is
made—equal to v//—is called the velocity gradient. To move the upper plate
requires a force, which you can verify by moving a flat plate across a puddle of
syrup on a table. For a given fluid, it is found that the force required, F, is
proportional to the area of fluid in contact with each plate, A, and to the speed, »,
and is inversely proportional to the separation, /, of the plates: F o vA/l. For
different fluids, the more viscous the fluid, the greater is the required force.




