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From Baseball, Beer, & Airplanes to Sedimentology:

Teaching Students About Fluid Properties & Particle Transport

Jill Singer, Earth Sciences Department,
SUNY Buffalo State College, singerjk@buffalostate.edu

ADbstract

Fundamental principles of fluid properties and particle transport can be made more accessible for students by relating
concepts and processes to common everyday events. For example, fluid viscosity can be related to the motion of bubbles
in beer, fluid turbulence can be connected to baseball (specifically curve balls), and the entrainment of particles can be
related to how planes take off. This poster includes a series of cartoons and short articles that can be used in any
sedimentology classroom to teach these and other sediment transport concepts.
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Volkswagen Beetle in a wind tunnel illustrates how Cd (drag coefficient)
is calculated and clearly shows streamlines converging over the
‘beetle’. Both are used to help students learn about laminar and
turbulent flow, the convergence of streamlines over an object resting : |
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Associated Press
Joe Bergin, brewing development manager, checks the product quality at the Guinness lab in Dublin.

T The newspaper Mystery of Guinness bubbles is solved

article describes
the behavior of

But, can the rings in the glass tell your nationality?

By CAROLINE BYRNE up on Guinness trivia and sample the local brew.
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But despite its international standing, nowhere is
the so-called black gold more revered than at home on
the Emerald Isle.

Every year, some 500,000 Guinness groupies make

number of rings left in a glass.

Each swig of Guinness leaves one ring and legend
has it that an Irishman will leave in the region of five to
six rings, while an American will leave 17 to 20. An

visits to pubs to carry
out field research).
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b . 1.,..1. N A related link that acres beside the River Liffey. They tour the plant, load  knock it back in one gulp.
T helps students learn Source: “Mystery of Guinness bubbles is solved”,
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mastly, it s thiown off the tips of ane, two, of
mmﬂmﬂ Knowing hew to throw the ball and get
the desired result is harder thar it seems—even for physicists. *IF Einstein wore intorested
in baseball, he would not have besn able formulate a principle for how a knuckieball
brewks,” says Adaie, “With fluld dynambcs in the turbulent rmgion, you can write down the
equations but the equations cannot be solved."—Stewart Wolpin

T4

os [T o7

Source: “Why baseballs fly
farther at high elevations”,
USA Today, Feb 20, 1997,

Source: FYI, Popular Science, April 1997, p.74.
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Newspapers have recently reported
that people have been killed by
bullets fired up In the alr that fall
backto earth. Is this possible?
Jim Spencer
Lexington, Ky.
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THE SCIENCE PAGE

The mystery of the singing sand

Dunes give up their noisy secrets to science

here’s the dirt

Boutigque composts and beautiful rocks make
American Soil Products the talk of the town

POINTING AND shooting a
gun skyward endangers anyone in
the area. Having gone up, a bullet
must come down. How fast the
projectile descends depends on
its caliber, whether it tumbles or
not, and if it falls nose- or blunt-
end first.

Fired upward at a typical muzzle
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pibes aslant, this is dirt at its mose glorious.  minerals, and voleanic cinder together  blends, In Dir, Dhirt's world, it worth it Thee sound s produced when sand on the surfsee of
A dune walanches. Sclentists have long believed the
friction between grains creates the strange notse. But
Melany Hunt, & mechanical-engineering professor at
the California Institute of Technology, thinks some
thing else ks at play, oo,

For the past three yeam she has taken her students
out to the desert of eastern California and Nevada, By
sliding down the dunes on their bottoms — lterally do-
Ing scvence by the seat of thelr pants — Hunt and her
researchers set the sand in motion to measure the
sound waves it makes

The sound continues even after the movement hns
stopped, they have found. Also, the sound differs from
winter to summer. When the sand on the surface is dis-
turbed, the friction betweoren sand grains creates a noise
that reverberntes back and forth between dry sand on
the surface and wet sand below, Hunt believes

Hunt became interested in the phenomenon when
o enllesgue played her recondings of the sound he had
mude 25 years ago. Then a group of students brought
back a jar of the booming sand from the Kelso Dunes
near California’s Mojaove Desert. Shaking the jar, they
fround, produced & burping sound. This did not happen
with sand taken from the beach, for example

“1 almvacly had a sense that something was different
about this sand than other materials we have studied,”

a minute. As it falls, the bullet ac-
celerates to a terminal velocity of
300 to 700 feet per second, at
which point its acrodynamic drag
equals the force of gravity and it
can travel no faster.

Bullet velocity of 200 feet per
second is sufficient to penetrate
the human skull. Most of the ran-
dom victims of shots aimed at
the sky are struck on the top of the
head, shoulders, or upper back.,
Noctors at King/Drew Nedical
Center in Los Angeles have reported
treating 118 people for falling-bullet
injuries from 1985 through 1992, 38
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Source: FYI column, Popular
Science, Jan 1996, p. 76.

This short column reinforces the
concept of terminal velocity when
F, F the conditions for applying
Stokes Law of Particle Settling.
While there are limitations in the
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more about the acoustics of booming sands and why
and how certain dunes sing and boom. The newspaper
article (from NationalGeographic.com News) carried in
The Buffalo News complements the NOVA segment and
provides more detail about how geophones were used
to determine the frequency of the sound produced by
the dunes and GPR used to confirm the presence of a

Hunt says.

Recently Hunt, with her research colleague, me-
chanical engineering professor Chris Brennen, and her
undergraduate students, went to Dumont Dunes,
narth of Baker, Calif. There the maln dune is up to 400
et (120 meters) high. The team set up a combination
of regular microphones and “geophones® (micro-
phones placed underground) o record the vibrations
both acoustically and seismically. Then, Hunt and her
students slid down

"We know from the grophone measurements that
we can pick up the vibrations a good ways from whene
we have made the avalanching of the sand.” she savs.
“It seems to be able to travel through the dune, and
persist for up o a minute after we slide.”

The sound has a really pure frequency that one
would associnte with a musical instrument, Hunt
points out. “The question s, what sets up that frequen-

sign informs visitors that the rubbing causes the
dunes’ booming sound. But that didnt seem to fit
Hunt's ohservations

“You can feel these vibrathons even whene there s
o shearing of the sand,” she says. "And the frequency
{of the vibrathons) seems to change with the time of the
year.”

Using radar, Hunt and her students have confirmed
the existence of a band of wet, hand sand some two me-
ters (6.6 feet) below the surface — caused by radnfall
percolating into Ut sand dune over a period.

I you have some water at depth within this dune
that reflects the mdar signal, maybe it also reflects the
aeoustics shgnal " Hunt says. "Maybe what you're really
having &s this reverberation within the dune that's af-
fected by a harder or wetter layer below that causes a
reflection in the dry sand in the upper part of the
™

the sound varies by the season. “The sound s Jow and
very discreet in frequency, and it's that discrectness
that can really only come about as & result of some
Kind of resonance within the dane,” Brennan, Hunt's
research colleague, says,

The testing of the dunes ties into Hunt's nessanch
on the flow of particulates and granular materials, in-
cduding the natural epvironment of both sand and de-
hris flows. A better understanding of the way granular
material moves could lead to advances in industrial
uses, or help sclentists in predicing the paths of land-
slidhe foras

To Brennan. the beauty of the sand dunes is part of
the allure. “1t's a special experience to go out there ona
summer morming and cimb to the op of a 400-foot
sand dune and start the sand moving and hear this in-
crexdible sound.” he sy "It has & kind of ethereal won-
der o it

wet, hard sand layer ~2 meters below the dune surface
(allowing dry, loose surface sand to avalanche down the dun

application of Stokes Law, it is
the equation commonly used to
determine the settling rate for

Sources: “Here’s the Dirt”, Allison Coo

K, dig it column,

House & Garden, Oct 1999, p. 105; ScienceNOW, NOVA,
www.pbs.org/wgbh/nova/sciencenow/3204/04.html;

particles smaller than medium sand

(~2 phi) and low Reyno]ds numbers. The Buffalo News, Nov 7, 2004.

“The Mystery of the Singing Sand”, The Science Page,

e surface).

It also explains how this research is tied
to understanding flow of sand and debris flows. The one-page article from House & Garden describes the varying

texture and composition of sands and soils. The NOVA ScienceNOW video clip and short articles are part of an
assignment where students sieve beach sands and learn about texture (particularly size and sorting). The students
also examine and describe a sample of squeaky sand from Seaside, Florida. A writing assignment helps the students

tie this activity together.




