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Collisions in Microgravity: Bounce, Splash, Plop
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Figure 5. Hydrophilic ball treated with an ozone plasma 
traveling at 7.3 m/s produces quiescent underwater 
bubbles. Splash closes after 38 ms on the waterʼs 
surface.

Hydrophilic bubbles collapse on longer 
timescales when in microgravity

ball entry 9 ms after splash 38 ms after splash

splash collapse

pinch-off

Preliminary Results

	

Data Acquisition
High-speed camera recorded splashes:
• Photon SA3 FastCam at 1000 fps in 512 x 758 
pixels
• 25 mm lens, f/5.6
• Oriented ⊥ to face, 24 cm away from center 
of tank

Microswitch triggered camera & LabView 
controller:
• Look-back time set to 150 ms
• Recorded for 300 ms

Accelerometer housed in aircraft measured 
gravity and recorded with LabView controller
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with rust and steel wool
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Ozone treatment to 
produce metal oxide
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rough surface
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Classroom Integration

Experiment fits into vertically-integrated 
curriculum:
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For further information
Please contact swissel@pppl.gov for more information.  

Conclusions

0-g splashes close factor of ~10 later than 1-g, 
but a factor of ~10 faster than predicted

Bubbles travel down in microgravity, up in 
gravity

Some surprising results:
• Sphere traveling through air bubble 
• Rapidly progressing jet in hypergravity

Microgravity results model the interaction of 
fluids that are close to being miscible
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Grade 
Level

Concept

K–5 Force, Motion, Acute/Obtuse Angles

6–8 Acute/Obtuse Angles, Equations, Relationship 
between Distance & Time, Energy 
Transformations, Chemistry, Gravity, Momentum

9–12 Energy Transformation, Momentum & Impulse, 
Motion (Acceleration & Velocity), SimpleProjectile 
Motion, Numerical Analysis, Gravity

Introduction
Impact dynamics of different surface-liquid 
interactions important for understanding
•Water entry of large missiles
•Inkjet printing
•Surgical devices

Splash closure time scales as                         (1) 
where a is the length scale of the ball and g is 
the gravitational acceleration1

Experimental Design

• Rectangular tank 2/3 filled with 3 quarts of water
• Launch module powered by compression spring
• Supply rail of test spheres

Parameter Control Available Range

Velocity Springs + magnets 0.7 m/s to 7 m/s

Gravity Parabolic Flights 0 to 1.8 g

Wettability Coatings on 9-mm 
stainless steel spheres

Hydrophilic (<90°) 
and hydrophobic 
(>90°)

τ ∼
�

(a/g)

Figure 2. Test rig with 
camera and lamp 
(top). Data acquisition 
software onboard 
computer (bottom)

Splash Apparatus

	

Figure 6.  A hydrophilic sphere travels through a trapped air 
bubble in microgravity, pulling a stream of water and producing 
turbulence along the bubbleʼs surface

A Splash within a Splash

ball entry water jet

2nd 
splash turbulence

ripples

Closure Time Discrepancy:
• Equation (1) : 0.3–30 s for gravities 

between 0.01 g and 1 μg.
•Observed for all coatings:
•  30-40 ms in 0 g
• 1-5 ms in 1 g

Figure 4. 9-mm sphere traveling at 6.2 m/s coated with a teflon 
spray (Fluoroglide) penetrates surface of water in microgravity. The 
sphere draws air into the water (left), closing after 43 ms (middle). 
A jet forms in the center of the entrained air bubble (right).

Hydrophobic spheres produce 
expanded bubbles & jets

3.8 x ball diameter

9 ms after splash 43 ms after splash 79 ms after splash

water 
jet
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