A flat wing, or one with symmetric cross section, will experience lift as long
as the front of the wing is tilted upward (attack angle). The wing shown in
Fig. 10-26 can experience lift even if the attack angle is zero, because the
rounded upper surface deflects air up, squeezing the streamlines together.
Airplanes can fly upside down, experiencing lift, if the attack angle is sufficient
to deflect streamlines up and closer Logether.

Our picture considers streamlines; but if the attack angle is larger than
about 157, turbulence sets in (Fig. 10-19b) leading to greater drag and less lift,
causing the wing to “stall” and the plane to drop.

From another point of view, the upward tilt of a wing means the air moving
horizontally in front of the wing is deflected downward; the change in
momentum of the rebounding air molecules results in an upward force on the
wing (Newtons’ third law).

Sailboats

A sailboat can move against the wind, with the aid of the Bernoulli effect, by
selting the sails at an angle, as shown in Fig. 10-27. The air travels rapidly over
the bulging front surface of the sail, and the relatively still air behind the sail
exerts a greater pressure, resulting in a net force on the sail, Fy, . This force
would tend to make the boat move sideways il it weren’t for the keel that
extends vertically downward beneath the water: the water exerts a force (Fy )
on the keel nearly perpendicular to the keel. The resultant of these two forces
(Fy) is almost directly forward as shown.

Baseball Curve

Why a spinning pitched baseball (or tennis ball) curves can also be explained
using Bernoulli’s principle. It is simplest if we put ourselves in the reference
frame of the ball, with the air rushing by, just as we did for the airplane
wing. Suppose the ball is rotating counterclockwise as seen from above,
Fig. 10-28. A thin layer of air (“boundary layer”) is being dragged around
by the ball. We are looking down on the ball, and at point A in Fig. 10-28, this
boundary layer tends to slow down the oncoming air. At point B, the air rotating
with the ball adds its speed to that of the oncoming air, so the air speed is higher
at B than at A. The higher speed at B means the pressure is lower at B than at A,
resulting in a net force toward B. The ball’s path curves toward the left (as seen
by the pitcher).

Lack of Blood to the Brain—TIA

In medicine, one of many applications of Bernoulli’s principle is to explain a
TIA, a transient ischemic attack (meaning a temporary lack of blood supply to
the brain). A person suffering a TIA may experience symptoms such as dizzi-
ness, double vision, headache, and weakness of the limbs. A TTA can occur as
follows. Blood normally flows up to the brain at the back of the head via the
two vertebral arteries—one going up each side of the neck—which meet to
form the basilar artery just below the brain, as shown in Fig. 10-29. The verte-
bral arteries issue from the subclavian arteries, as shown, before the latter pass
to the arms. When an arm is exercised vigorously, blood flow increases to meet
the needs of the arm’s muscles. If the subclavian artery on one side of the body
is partially blocked, however, as in arteriosclerosis (hardening of the arteries),
the blood velocity will have to be higher on that side to supply the needed
blood. (Recall the equation of continuity: smaller area means larger velocity for
the same flow rate, Eq. 10-4.) The increased blood velocity past the opening to
the vertebral artery results in lower pressure (Bernoulli’s principle). Thus, blood
rising in the vertebral artery on the “good” side at normal pressure can be
diverted down into the other vertebral artery because of the low pressure on
that side, instead of passing upward to the brain. Hence the blood supply to the
brain is reduced.

FIGURE 10-27 Sailboat sailing
against the wind.
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FIGURE 10-28 Looking down on a
pitched baseball heading toward home
plate. We are in the reference frame of
the baseball, with the air flowing by.

FIGURE 10-29 Rear of the head
and shoulders showing arteries leading
to the brain and to the arms. High
blood velocity past the constriction in
the left subclavian artery causes low
pressure in the left vertebral artery, in
which a reverse (downward) blood
flow can then occur, resulting in a TTA.
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