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The Tao of Pee

Two Presentations at the Upcoming APS Division of Fluid Dynamics Meeting in Pittsburgh Explore the Science
Behind Urination
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WASHINGTON D.C. Nov. 7, 2013 -- Although we don’t often think about it, fluid dynamics
touches almost every aspect of our lives, from a billowing breeze that buffets a flag, to swirling
river currents that shape canyons to the surging blood that sustains our lives. One of the basest
of bodily functions -- urination -- is governed primarily by the equations of fluid motion.

Later this month, at the American Physical Society (APS) Division of Fluid Dynamics (DFD)
meeting in Pittsburgh, Pa., two teams of researchers reveal new insight into the physics of
peeing.

In the laboratory of Georgia Tech’s David Hu, scientists and engineers look to nature for
engineering ideas. In work that could help in the design of scalable hydrodynamic systems,
researchers from the Hu lab recently filmed the urination habits of 16 animals of varying sizes —
five mice, five rats, one dog, two goats, two cows, and one elephant. The results? Size matters.
Although small animals such as mice and rats take about 2 seconds to pee, urination “events” in
animals larger than about 5 kilograms consistently clocked in at an average of 21 seconds.

“An elephant has a large bladder and a urethra with dimensions comparable to a household
pipe,” says graduate student and study leader Patricia Yang. As gravity pulls fluid down to the
bottom of the urethra, Yang explains, the flow speed increases, causing urine to be eliminated
more quickly than in a medium-sized animal, like a dog, which has a shorter urethra and gets
less of a boost from gravity. The dog, however, has a smaller bladder, and “this is why an
elephant and a dog empty their bladder in the same time,” she says.

When it comes to urination accuracy, however, speed and size are less important than angle,
says fluid dynamicist Randy Hurd of Brigham Young University, who will present a study of the
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dynamics of urinal use. Hurd and his graduate advisor, Tadd Truscott, got the idea for the work
during a caffeine- and sugar-fueled midnight road trip from San Diego following last year’s DFD
meeting. The two were brainstorming about new and creative projects for Truscott’s “Splash
Lab,” which uses high-speed imaging techniques to study fluid behavior.

At the Splash Lab, Hurd and his colleagues created an artificial male urethra on a 3D printer.
The urethra — a cylinder with a 8 mm x 3 mm elliptical channel running down the center — was
attached with tubing to a pressurized container, allowing it to deliver a steady stream of dyed
water at 21 milliliters per second, the expected flow rate for a healthy, middle-aged male. High-
speed cameras were used to visualize the flow as it struck both a solid surface (representing the
porcelain back wall of most urinals) and a “free” surface (representing standing water); white
paper was placed below the surfaces to track where splash droplets ended up.

Perhaps not surprisingly, the researchers found that it is indeed possible to use a urinal without
splashing onto yourself or your own clothing. The key? Angle.

“For typical male urination, the stream breaks up into droplets before impacting the urinal wall
or the water surface,” he says. Significant splash-back occurs if that stream is angled
perpendicular to the urinal wall, down to angles of about 45 degrees. But when this impact
angle becomes very small, “it is much easier for the droplets to only slightly change direction,
and slide along the porcelain surface without generating large splashes,” says Hurd, who hopes
to eventually create an optimization function to find the ideal approach for urinal usage.

“Although reducing the impact angle would also work in traditional toilets, these angles tend to
only present themselves around the rim of the bowl, simultaneously increasing the chances of
missing the bowl entirely,” says Hurd. “l wouldn’t recommend this approach to anyone but
military snipers.”
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The presentation, “The Hydrodynamics of Urination: to drip or jet,” is at 5:24 p.m. on Sunday,
November 24, 2013 in the David L. Lawrence Convention Center Room 333. ABSTRACT:
http://meeting.aps.org/Meeting/DFD13/Event/202555

The presentation, “Urinal Dynamics,” is at 5:11 p.m. on Sunday, November 24, 2013 in the
David L. Lawrence Convention Center Room 333. ABSTRACT:
http://meeting.aps.org/Meeting/DFD13/Event/202554

MEETING INFORMATION

The 66th Annual Division of Fluid Dynamics Meeting will be held at David L. Lawrence
Convention Center in Pittsburgh, Pennsylvania from November 24-26, 2013. More meeting
information: http://www.apsdfd2013.pitt.edu
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Any credentialed journalist, full-time or freelance, may attend the conference free of charge.
Please email: dfdmedia@aps.org and include "DFD Press" in the subject line. Workspace will be
provided on-site during the meeting, and the week before news, videos and graphics will be
made available on the Virtual Press Room: http://www.aps.org/units/dfd/pressroom/press.cfm

ABOUT THE APS DIVISION OF FLUID DYNAMICS

The Division of Fluid Dynamics (DFD) of the American Physical Society (APS) exists for the
advancement and diffusion of knowledge of the physics of fluids with special emphasis on the
dynamical theories of the liquid, plastic and gaseous states of matter under all conditions of
temperature and pressure. DFD Website: http://www.aps.org/units/dfd/index.cfm
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