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At Reynolds numbers above about 10° the aerodynamic drag force on a sphere drops sharply as
the flow begins to become turbulent in the boundary layer. For baseballs, this “drag crisis” may
occur at speeds which are typical for pitched or batted balls. The effects of the drag reduction on
the behavior of both pitched and batted balls is significant, and may explain several features of the
game of baseball which previously have been unexplained or attributed to other causes. In
particular, the drag reduction may help to explain why pitched fastballs appear to rise, why
pitched curve balls appear to drop sharply, and why home run production has increased since the
introduction of the alleged “lively ball.” Calculations suggest that aerodynamic forces are as
important a factor in fastpitch softball as in baseball, and that they are a critical factor in a number

of other ball games.

L. INTRODUCTION

It is now firmly established that aerodynamic forces sig-
nificantly affect pitched baseballs. Indeed, without these
forces it would be impossible to throw a ball that curves or
“knuckles,” i.e., changes direction sharply sideways after it
has left the pitcher’s hand. Although once a matter of con-
troversy,' ™ both baseball players and physicists now agree
that the ball does deviate from a “straight” path,>®i.e., the
path followed by a ball affected only by the forces of gravity
and aerodynamic drag. Perhaps the most comprehensive
study is that of Briggs,” who showed that baseballs can
curve up to about 29 cm from a straight path because the
rotation of the ball causes pressure imbalances between the
left and right side of the ball. Furthermore, Watts and Saw-
yer®® explained that the erratic trajectory of knuckle balls
occurs because of asymmetry in the pressure field around
the ball caused by the presence of the stitching on the base-
ball.

The purpose of the present paper is to suggest that the
behavior of pitched and hit baseballs may be strongly af-
fected by the change in drag regime which occurs when the
Reynolds number exceeds about 10°. The Reynolds num-
ber R is defined as

R=Vd/v.
Here, d is the diameter of the baseball (7.32 cm), V is its
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velocity relative to the air, and v is the kinematic viscosity
of air (about 0.000015 m?/s at 20 °C). This “drag crisis”'°
occurs when the laminar flow of air in a boundary layer
near the ball begins to separate and become turbulent. The
ultimate effect of this turbulence in the boundary layer is to
reduce the size of the turbulent wake behind the ball, and
hence reduce the drag force. Generally, the drag force F, is
characterized in terms of drag coefficient C,

F,= —1pC,AV?, (1)

where p is the fluid density of air (1.29 kg/m? and
A =mnd?/4 is the cross-sectional area of the ball. At the
drag crisis the drag coefficient C; may drop by a factor of 2
to 5 as the velocity increases by a factor of less than 2 (see
Fig. 1). Although several researchers have discussed the
effect of the sudden drag reduction on the behavior of golf
balls,''~'* the author is not aware of any previous study
which investigates the effect on baseballs.

The Reynolds number at which turbulence occurs in the
boundary layer and causes the drag reduction depends
strongly on the roughness of the sphere’s surface.'*!® Gen-
erally the drag reduction will occur at lower Reynolds
numbers as the surface roughness increases (Fig. 2). For
golf balls, this has the effect that balls with roughened or
dimpled surfaces can be driven considerably further than
balls with smooth surfaces.’® This has been known for
some time." Indeed, partly because there exist strong eco-
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