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What is an oloid?

• Defined by two congruent circles of 	
   radius R	
• Circles lie in perpendicular planes	
• Each center lies on the other circle’s 	
   circumference	
• The oloid is the convex hull of the two 	
   circles



How does an oloid roll?

• Rolls smoothly on a flat surface	
• Center of mass remains at constant height	
• Motion alternates contact between the 	
   two circles	
• Unique example of constant-height rolling
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settle in still water?



How does an oloid 
settle in still water?

We are in fluid dynamics after all!



Oloid settling: 
Experimental setup



Oloid settling experiment: Control parameter
Dimensional: 

•Densities of liquid & oloid

•Kinematic viscosity

•Volume (sphere-equivalent diameter)
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Oloid settling experiment: Control parameter
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Oloid settling: Typical recordings
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Oloid settling: Typical recordings

17% Glycerol

Ga = 3500

Tumbling !
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Reconstruction of path
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Ga = 3500
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Oloid settling: Direct numerical simulations

Method: AFiD + IBM



DNS of incompressible Navier-Stokes equations using our AFiD code (www.afid.eu). 


Volume forces used to account for effect of oloid on flow (immersed boundary method). 


Incompressible Navier-Stokes equations 


HIT: Chouippe and Uhlmann Physics of Fluids 27, 
123301 (2015) 
  
IBM: De Tullio and Pascazio, Journal of Computational 
Physics 325 201–225 (2016) 

The Method: Carrier phase

Two-way  
Coupled 

http://www.afid.eu
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 Non-dimensionalized Newton-Euler equations


Oloid dynamics is evolved by Newton-Euler equations integrated using quaternions

2

The Method: Dispersed phase: Translation and rotation



 Non-dimensionalized Newton-Euler equations


Oloid dynamics is evolved by Newton-Euler equations integrated using quaternions

2

The Method: Dispersed phase: Translation and rotation

Fr =
U

gDeq(1 −
ρp

ρf )
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Both modes in both experiment & DNS
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Γ = ρp/ρf ≈ 1.2
Γ = ρp/ρf ≈ 2

stable tumbling



Results on settling velocity: two regimes
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Top view: horizontal trajectories
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Results on orientation: stable mode

Stable

Experiment: Ga = 210 Simulation Ga = 10

(around x-axis)

(around y-axis)

(around z-axis)

only rotation 
around 

z-axis



Results on orientation: tumbling mode

Tumbling

Experiment (Ga=1300) Simulation (Ga=100)

all angles kind 
of random



Results on 
alignment
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Results on 
rotation
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DNS results on rotation: both orientations 
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Results on rotation: dependence on initial conditions
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Transients towards preferential orientation

Ga = 130
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Oloid settling: Conclusions
• Distinct stable and tumbling regime


• Stable settling in Stokes regime, tumbling outside Stokes regime


• Rotation direction determined by initial orientation
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