Sports Ball Dynamics

Trajectory of sports balls (tennis, cricket, soccer, ping-pong, baseball,
golf, etc.) complex and counterintuitive, e.g., curve, swing, hook,
swerve, slice, etc. Effects spin important.

Cricket Ball

FIGURE 10.26 The swing (or
curve) of a cricket ball. The seam is
oriented in such a way that a
difference in boundary-layer sepa-
ration points on the top and bottom
sides of the ball lead to a down-
ward lateral force in the figure; the
surface pressure at A is less than
the surface pressure at B.
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Looking downward bends to left outswinger vs. inswinger with seam
opposite direction and upward force

1 mm high seam whose orientation bends flight path for speeds ~ 30

m/s, i.e., Re ~ 10> < Re.,;+ = 5 X 10> since seam trips lower side
BL inducing turbulent flow while upper side remains laminar

A similar potential flow C, =1 — %sinz 0 l|r/2 = —z vs. B viscous
flow higher €, .. downward side force
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FIGURE 9.24 Smoke photograph of flow over a cricket ball in the same orientation and flow condition as
that depicted in Figure 9.23. The flow is from left to right, the seam angle is 40°, the flow speed is 17 m/s, and
Re = 0.85 x 10°. R. Mehta, Ann. Rev Fluid Mech. 17: 151189, 1985. Photograph reproduced with permission from the
Annual Review of Fluid Mechanics, Vol. 17 © 1985 by Annual Reviews, www.AnnualReviews.org.

upward force exerted on fluid by ball = downward force on ball by
fluid

Back spin prevents wobble. Side force 40% weight. Deflection o
time? = parabolic path that bends as much as 0.8 m when reaches
batter.

Too slow no bending as seam not effective trip BL

Too fast both sides turbulent also old ball roughness induces turbulence
both sides

Effects humidity also causes swing but not yet explained since such
effects only change Re by 2% and not enough affect separation.
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Tennis Ball

FIGURE 9.22 Measured
drag coefficient, Cpp, of a smooth
sphere vs. Re= U.d/v. The
Stokes solution is Cpp = 24/Re,
and the Oseen solution is
Cp=(4/Re) (1 + 3Re/16);
these two solutions are dis-
cussed at the end of Chapter 8.
The increase of drag coefficient
in the range A—B has relevance
in explaining why the flight
paths of sports balls bend in
the air.

Bending due spin: top spin curves downward back spin flatter path.
Similar T as per cylinder flow with vortex but in this case, differences
Re < Regit (especially for top spin) due asymmetric BL

Separation: deflection rotating sphere called Robins effect

Super critical Re 65 moves
back to upstream

Re.;; = 5% 10°

Top spin

FIGURE 9.25 Curving
flight of rotating spheres,
in which F indicates the
force exerted by the fluid:
(a) negative Magnus effect;
and (b) positive Magnus
effect. A well-hit tennis ball
with spin is likely to
display the positive Mag-

nus effect.

trbulent  positive Magnus
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wrbulent  N€gative Magnus tadatiors

(a) Re<Re, (b) Re > Re_

Larger relative velocity lower side Re < Re..;; transition lower side

Re < Re.,i+. negative Magnus effect, i.e., opposite side force to that
with T' same sense on sphere rotation

Re > Re.,;;. both sides turbulent .. positive Magnus effect
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Baseball

Re~1.5 x 10°

FIGURE 9.26 Smoke photograph of flow around a spinning baseball. Flow is from left to right, flow speed is 21
m/s, and the ball is spinning counterclockwise at 15 rev/s. [Photograph by F. N. M. Brown, University of Notre Dame.]

Photograph reproduced with permission from the Annual Review of Fluid Mechanics, Vol. 17 © 1985 by Annual Reviews,
www.AnnualReviews.org.

Curveball: side spin to bend away from throwing arm

Screw ball: opposite

Knuckle ball: no spin and path dependent orientation seam as per
cricket ball but in this case irregular trajectory due seam pattern
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