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A Leidenfrost droplet impregnated with hydrophilic beads hovers on a thin film of its own vapor.
The Leidenfrost effect occurs when a liquid touches a solid surface much, much hotter than its
boiling point. Instead of boiling entirely away, part of the liquid vaporizes and the remaining
liquid survives for extended periods while the vapor layer insulates it from the hot surface.
Hydrophilic beads inserted into Leidenfrost water droplets initially sink and are completely
enveloped by the liquid. But, as the drop evaporates, the beads self-organize, forming a
monolayer that coats the surface of the drop. The outer surface of the beads drys out, trapping
the beads and causing the evaporation rate to slow because less liquid is exposed. (Photo credit:
L. Maquet et al.; research paper - pdf)
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Small versus large
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Small versus large

E. Coli — swimming micro-organisms

—

Physical size


http://www.cdc.gov/ecoli/
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Small versus large

Tufts microfluidic device courtesy of J. Guasto
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Small versus large

J. Freund et al.

Blood flow

Microfluidic devices
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Physical size


http://jbfreund.mechse.illinois.edu/
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S. Berg and S. Troian

Physical size


http://fuckyeahfluiddynamics.tumblr.com/post/133799653109/the-brilliant-colors-of-a-soap-film-are-directly
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Small versus large |
K. Winters et al.
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Physical size


http://fuckyeahfluiddynamics.tumblr.com/post/120444294056/one-of-the-factors-that-complicates-geophysical
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Small versus large

NASA

~Soap film: fllms

Blood flow

’ Oceanic flows

Microfluidic devices

i AtmOSIOherlc flows
Micro-organisms fow

Physical size


http://fuckyeahfluiddynamics.tumblr.com/post/26148630707/this-video-describes-how-the-suns-energy-drives
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NASA

Small versus large

Soap films

Blood flow

2011-10-0C 7 UT

Solar dynamics

Microfluidic devices

Atmospheric flows

Physical size


http://sdo.gsfc.nasa.gov/
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Small versus large - NASA/ESA

Soap films

Blood flow

Solar dynamics

Su pernova remnants
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Microfluidic devices

Physical size


http://fuckyeahfluiddynamics.tumblr.com/post/31526309016/there-is-no-grander-scale-for-the-observation-ofhttp:/sdo.gsfc.nasa.gov/
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Small versus large

Supernovas

~ Soap films

Blood flow
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Small versus large

Soap films

Blood flow

Microfluidic devices

Physical size
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Other extremes

Pitch drop experiment

—
Velocity
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Hypersonics
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Other extremes

Pitch drop experiment Hypersos
—
Velocity
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Other extremes
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We define fluid dynamics by extremes.
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What is a fluid?
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What is a fluid?

Atom
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~ mean free path

n=
flow lengthscale

Knudsen Number
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What is a fluid?

Atom
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Navier-Stokes
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Navier-Stokes
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Navier-Stokes
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Navier-Stokes
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_ Inertial effects
Scaling arguments Re =

viscous effects

Something more tractable
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Extremely viscous
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Extremely viscous

W. Bangerth and T. Heister



http://fuckyeahfluiddynamics.tumblr.com/post/137351130039/plutos-rich-and-unexpected-surface-features
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Extremely viscous

0. Shapiro et al.



http://fuckyeahfluiddynamics.tumblr.com/post/96542036193/corals-may-appear-static-but-near-the-surface-the
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Extremely viscous

_Ux
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Extremely viscous

Ux Glacial Flow
Re=—<<1
V

Hard to deform

K. Wakata


http://fuckyeahfluiddynamics.tumblr.com/post/79265343483/these-astronaut-photos-show-patagonian-glaciers-as
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Inertially-dominated
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Inertially-dominated Peregrine Falcon

Fast
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https://en.wikipedia.org/wiki/Peregrine_falcon#/media/File:Falco_peregrinus_-Morro_Rock,_Morro_Bay,_California,_USA_-flying-8.jpg
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NASA


https://en.wikipedia.org/wiki/Peregrine_falcon#/media/File:Falco_peregrinus_-Morro_Rock,_Morro_Bay,_California,_USA_-flying-8.jpg
http://earthobservatory.nasa.gov/IOTD/view.php?id=86449
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NASA

Wikimedia


https://en.wikipedia.org/wiki/Peregrine_falcon#/media/File:Falco_peregrinus_-Morro_Rock,_Morro_Bay,_California,_USA_-flying-8.jpg
http://earthobservatory.nasa.gov/IOTD/view.php?id=86449
https://en.wikipedia.org/wiki/Boundary_layer#/media/File:Laminar_boundary_layer_scheme.svg
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NASA
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https://en.wikipedia.org/wiki/Peregrine_falcon#/media/File:Falco_peregrinus_-Morro_Rock,_Morro_Bay,_California,_USA_-flying-8.jpg
http://earthobservatory.nasa.gov/IOTD/view.php?id=86449
https://en.wikipedia.org/wiki/Boundary_layer#/media/File:Laminar_boundary_layer_scheme.svg
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Boundary layers
30m

Wikimedia


https://en.wikipedia.org/wiki/Airliner#/media/File:090228-N623CZ-MSP.jpg
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Boundary layers
30m 0.01m

Linear and nonlinear instabilities of the laminar boundary layer

Wikimedia

From H.Werlé (ONERA)


https://en.wikipedia.org/wiki/Airliner#/media/File:090228-N623CZ-MSP.jpg
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Boundary layers
30 m 0.01m

Linear and nonlinear instabilities of the laminar boundary layer

Incoming

flow

Wikimedia

From H.Werlé (ONERA)

Laminar Boundary Layer Turbulent Boundary Layer

M. Van Dyke M. Van Dyke


http://fuckyeahfluiddynamics.tumblr.com/post/3860401993/bill-nye-samuel-jackson-golf-balls-reynolds
https://en.wikipedia.org/wiki/Airliner#/media/File:090228-N623CZ-MSP.jpg
http://fuckyeahfluiddynamics.tumblr.com/post/3860401993/bill-nye-samuel-jackson-golf-balls-reynolds
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Boundary layers
Protruding Gap Filler
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Boundary layers
Protruding Gap Filler

Hypersonic Re-Entry and Boundary Layer Transition
Heating footprint =

Turbulent flow from Elevon gap heating
wing protuberance > from :mg
protuberance
Body flap heating
o )\ Body flap
heatinig

| e s
Turbulent /
flow from : / \

unknown origin Laminar flow Laminar flow

Elevon gap heating

Fig. 8. STS-119 Mach 8.4 Fig. 9. STS-125 Mach 14.3 Fig. 10. STS-128 Mach 14.7
Horvath et al. AIAA 2010-241
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Boundary layers
Protruding Gap Filler | Removing the Gap Filler
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Horvath et al. AIAA 2010-241
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Collections Home > Collections > Objects > Tile Gap Filler, Shuttle, STS-114

About the Collections

Tile Gap Filler. Shuttle. STS-114

Display Status
Objects

This objectis on display in the Moving
Beyond Earth exhibition at the National
Air and Space Museum, Washington,
DC.

Archival Collections
Multimedia Gallery
Earth & Planetary

Preservation and

Restoration

MOVING BEYOND EARTH

Related Collections:

See full size image

Edshare ¥ Tweet [ +1 Pinit

Human Spaceflight



N. SHARP 1 APR 2016 @

Boundary layers

Mako shark

jildanchaomian



https://www.flickr.com/photos/10565417@N03/6246008099/in/photolist-avWqAP-FHQ4xo-DYyvcs-AUWXV9-AAUCq9-BbRvvS-AKKY6q-BHhwLg-sJyyaS-ygevWj-8VrHwp-bLNrng-5rH2A-5o9JdK-nRN831-cXpo41-see48j-8Uph5k-79HLr-5xhboB-nYr77c-nYq3oW-nYpU7d-ofJac7-nYq2kT-ofUEBk-cSTWYf-nYpYC8-ofRygh-afw7pq-6vCbEp-nYr6Ev-nYqgAr-nYpZC3-nYpYcN-6UXcD4-ofRRuf-nYr99Z-nYroPR-ofJ7qA-ofHPzG-ofJ4dU-ohFaZn-ofRucf-odSzN9-6UXcFt-49byAu-odSro3-odSxvJ-odSs8u
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https://www.flickr.com/photos/10565417@N03/6246008099/in/photolist-avWqAP-FHQ4xo-DYyvcs-AUWXV9-AAUCq9-BbRvvS-AKKY6q-BHhwLg-sJyyaS-ygevWj-8VrHwp-bLNrng-5rH2A-5o9JdK-nRN831-cXpo41-see48j-8Uph5k-79HLr-5xhboB-nYr77c-nYq3oW-nYpU7d-ofJac7-nYq2kT-ofUEBk-cSTWYf-nYpYC8-ofRygh-afw7pq-6vCbEp-nYr6Ev-nYqgAr-nYpZC3-nYpYcN-6UXcD4-ofRRuf-nYr99Z-nYroPR-ofJ7qA-ofHPzG-ofJ4dU-ohFaZn-ofRucf-odSzN9-6UXcFt-49byAu-odSro3-odSxvJ-odSs8u
http://t.umblr.com/redirect?z=http://www.people.fas.harvard.edu/~glauder/FishBiomechanicsHydrodynamicsSharkSkinLauder.htm&t=NjNmZDYxNjhiZDAxYzlkYzNmZTJjMmQwN2JjZjhkMDAzNTE4NDJjYyxOcklURU5kVQ%3D%3D
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A. Lang et al.



https://www.flickr.com/photos/10565417@N03/6246008099/in/photolist-avWqAP-FHQ4xo-DYyvcs-AUWXV9-AAUCq9-BbRvvS-AKKY6q-BHhwLg-sJyyaS-ygevWj-8VrHwp-bLNrng-5rH2A-5o9JdK-nRN831-cXpo41-see48j-8Uph5k-79HLr-5xhboB-nYr77c-nYq3oW-nYpU7d-ofJac7-nYq2kT-ofUEBk-cSTWYf-nYpYC8-ofRygh-afw7pq-6vCbEp-nYr6Ev-nYqgAr-nYpZC3-nYpYcN-6UXcD4-ofRRuf-nYr99Z-nYroPR-ofJ7qA-ofHPzG-ofJ4dU-ohFaZn-ofRucf-odSzN9-6UXcFt-49byAu-odSro3-odSxvJ-odSs8u
http://t.umblr.com/redirect?z=http://www.people.fas.harvard.edu/~glauder/FishBiomechanicsHydrodynamicsSharkSkinLauder.htm&t=NjNmZDYxNjhiZDAxYzlkYzNmZTJjMmQwN2JjZjhkMDAzNTE4NDJjYyxOcklURU5kVQ%3D%3D
http://fuckyeahfluiddynamics.tumblr.com/post/94822093128/sharks-have-evolved-some-incredible-fluid

N. SHARP 1 APR 2016 @

Living in boundary layers
U(z)

Barnacles

4

v

/ S. Rohrlach

/ Feather Mites

Mayfly Nymphs

S. Vogel

S. Mironov & R. Palma

S. Vogel, Life in Moving Fluids


https://www.flickr.com/photos/87895263@N06/16612807787/in/photolist-rj1YYt-rkM8GQ-rA2yeQ-rCdNPy-rA2mtW-rD5GDv-rkKQVL-qFkW4G-2YRhTY-nUYPgu-7AFfBE-e3boo3-77axMU-7QjUp5-2YLPrM-rkS95H-rkK8U7-rkJzKL-rkTJya-rCkKy4-rkKi2y-5mge5k-qFjdhC-rCjn8V-rCdLnP-2YFxAB-76Q8FJ-7NoRSV-btpoNW-8nWVEY-6SjrNL-CFyB5-5zMAX5-4ytLUm-ztwYp-3Xkq89-CFyEg-7Qgyie-8MYizE-5rpdGk-8UmayB-6krD8L-rkM69d-rCdG86-7NsQgj-DgfxWJ-CH1z55-623M8x-8W9y32-nLFujr/
http://collections.tepapa.govt.nz/publication/3224
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Living in boundary layers
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https://www.flickr.com/photos/87895263@N06/16612807787/in/photolist-rj1YYt-rkM8GQ-rA2yeQ-rCdNPy-rA2mtW-rD5GDv-rkKQVL-qFkW4G-2YRhTY-nUYPgu-7AFfBE-e3boo3-77axMU-7QjUp5-2YLPrM-rkS95H-rkK8U7-rkJzKL-rkTJya-rCkKy4-rkKi2y-5mge5k-qFjdhC-rCjn8V-rCdLnP-2YFxAB-76Q8FJ-7NoRSV-btpoNW-8nWVEY-6SjrNL-CFyB5-5zMAX5-4ytLUm-ztwYp-3Xkq89-CFyEg-7Qgyie-8MYizE-5rpdGk-8UmayB-6krD8L-rkM69d-rCdG86-7NsQgj-DgfxWJ-CH1z55-623M8x-8W9y32-nLFujr/
http://collections.tepapa.govt.nz/publication/3224
https://en.wikipedia.org/wiki/File:Crowd_in_street.jpg
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Living in boundary layers
U(z) Mushrooms
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E. Dressaire et al.

S. Vogel, Life in Moving Fluids


http://fuckyeahfluiddynamics.tumblr.com/post/69080496696/mushrooms-dont-rely-on-a-stray-breeze-to-spread
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Where small becomes important
Superhydrophobic Surfaces

Water drop impact on patterned rare earth oxide

t==2.1ms

G. Azimi et al. K. Hounsell et al.



http://fuckyeahfluiddynamics.tumblr.com/post/93877899609/superhydrophobic-surfaces-repel-water-both
http://fuckyeahfluiddynamics.tumblr.com/post/126914888913/water-repellent-or-hydrophobic-surfaces-are
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Where small becomes important
Superhydrophobic Surfaces

Water drop impact on patterned rare earth oxide

t==2.1ms
We ~ 90

G. Azimi et al. K. Hounsell et al.

Droplet Splashing L. Xu et al.

100
High kPa
Pressure



http://fuckyeahfluiddynamics.tumblr.com/post/93877899609/superhydrophobic-surfaces-repel-water-both
http://fuckyeahfluiddynamics.tumblr.com/post/126914888913/water-repellent-or-hydrophobic-surfaces-are
http://arxiv.org/ftp/physics/papers/0501/0501149.pdf
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Where small becomes important

Water drop impact on patterned rare earth oxide

t==2.1ms

G. Azimi et al. K. Hounsell et al.
L. Xu et al.
100
High kPa
Pressure
17.2
Low kPa
Pressure

0 ms 0.276 ms 0.552 ms 2.484 ms


http://fuckyeahfluiddynamics.tumblr.com/post/93877899609/superhydrophobic-surfaces-repel-water-both
http://fuckyeahfluiddynamics.tumblr.com/post/126914888913/water-repellent-or-hydrophobic-surfaces-are
http://arxiv.org/ftp/physics/papers/0501/0501149.pdf
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Where small becomes important
Shock Waves

NASA Langley



http://fuckyeahfluiddynamics.tumblr.com/post/70494226396/complicated-shock-wave-patterns-envelope-vehicles
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Where small becomes important

Shock Waves

NASA Langley NASA



http://fuckyeahfluiddynamics.tumblr.com/post/70494226396/complicated-shock-wave-patterns-envelope-vehicles
http://fuckyeahfluiddynamics.tumblr.com/post/128032220656/schlieren-optical-systems-have-been-used-to
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Where small becomes important

Shock Waves

HH47 1994

NASA/ESA/P. Hartigan/G. Bacon

...and not very small



http://fuckyeahfluiddynamics.tumblr.com/post/16769807322/astronomers-studying-stellar-jetsmassive-outflows
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Ubiquitous and universal
Von Karman Vortex Street  Kelvin-Helmholtz Instability Rayleigh-Taylor Instability

S L.

P. Nathan J. Fontaine et al. | jadvera09



https://www.okdothis.com/jadvera09
http://fuckyeahfluiddynamics.tumblr.com/post/118446719903/soap-films-provide-a-simple-and-convenient-method
http://fuckyeahfluiddynamics.tumblr.com/post/25027726055/these-images-from-a-numerical-simulation-of-a
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Ubiquitous and universal

Von Karman Vortex Street  Kelvin-Helmholtz Instability Rayleigh-Taylor Instability
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P. Nathan J. Fontaine et al. jadvera09



https://www.okdothis.com/jadvera09
http://fuckyeahfluiddynamics.tumblr.com/post/118446719903/soap-films-provide-a-simple-and-convenient-method
http://fuckyeahfluiddynamics.tumblr.com/post/59107248163/most-objects-are-not-particularly-aerodynamic-or
http://fuckyeahfluiddynamics.tumblr.com/post/25027726055/these-images-from-a-numerical-simulation-of-a
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Ubiquitous and universal
Von Karman Vortex Street  Kelvin-Helmholtz Instability Rayleigh-Taylor Instability

P. Nathan J. Fontaine et al. — jadvera09

NASA/Voyager 1



https://www.okdothis.com/jadvera09
http://fuckyeahfluiddynamics.tumblr.com/post/118446719903/soap-films-provide-a-simple-and-convenient-method
http://fuckyeahfluiddynamics.tumblr.com/post/59107248163/most-objects-are-not-particularly-aerodynamic-or
http://fuckyeahfluiddynamics.tumblr.com/post/25027726055/these-images-from-a-numerical-simulation-of-a
http://fuckyeahfluiddynamics.tumblr.com/post/35782085783/jupiter-is-home-to-one-of-the-most-famous-storms
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Ubiquitous and universal
Von Karman Vortex Street  Kelvin-Helmholtz Instability Rayleigh-Taylor Instability
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https://www.okdothis.com/jadvera09
https://en.wikipedia.org/wiki/Rayleigh%E2%80%93Taylor_instability#/media/File:Crab_Nebula.jpg
http://fuckyeahfluiddynamics.tumblr.com/post/118446719903/soap-films-provide-a-simple-and-convenient-method
http://fuckyeahfluiddynamics.tumblr.com/post/59107248163/most-objects-are-not-particularly-aerodynamic-or
http://fuckyeahfluiddynamics.tumblr.com/post/25027726055/these-images-from-a-numerical-simulation-of-a
http://fuckyeahfluiddynamics.tumblr.com/post/35782085783/jupiter-is-home-to-one-of-the-most-famous-storms
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Looking outward

Dissolving Surface May Form
Titan's Lakes

Scientific American



http://blogs.scientificamerican.com/life-unbounded/dissolving-surface-may-form-titans-lakes/
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Looking outward
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Dissolving Surface May Form
Titan's Lakes

Scientific American

Saturn's Weird Hexagon Vortex Stuns in
NASA Photo

Space.com



http://www.space.com/27392-saturn-hexagon-vortex-nasa-photo.html
http://blogs.scientificamerican.com/life-unbounded/dissolving-surface-may-form-titans-lakes/
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Looking outward
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Dissolving Surface May Form
Titan's Lakes

Scientific American

Saturn's Weird Hexagon Vortex Stuns in
NASA Photo

Space.com

5400mph winds discovered hurtling around exoplanet
Phys.org


http://www.space.com/27392-saturn-hexagon-vortex-nasa-photo.html
http://phys.org/news/2015-11-5400mph-hurtling-exoplanet.html
http://blogs.scientificamerican.com/life-unbounded/dissolving-surface-may-form-titans-lakes/
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Dissolving Surface May Form
Titan's Lakes

Scientific American

Saturn's Weird Hexagon Vortex Stuns in
NASA Photo

Space.com

5400mph winds discovered hurtling around exoplanet
Phys.org

Molten Lava Flows On This Super-Earth's Surface
Like Water

Gizmodo



http://www.space.com/27392-saturn-hexagon-vortex-nasa-photo.html
http://phys.org/news/2015-11-5400mph-hurtling-exoplanet.html
http://blogs.scientificamerican.com/life-unbounded/dissolving-surface-may-form-titans-lakes/
http://gizmodo.com/molten-lava-flows-on-this-super-earths-surface-like-wat-1767956529
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Floating Mountains on Pluto—You
M Can’t Make This Stuff Up

National Geographic



http://news.nationalgeographic.com/2015/11/151109-astronomy-pluto-nasa-new-horizons-volcano-moons-science/
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National Geographic



http://news.nationalgeographic.com/2015/11/151109-astronomy-pluto-nasa-new-horizons-volcano-moons-science/
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https://www.youtube.com/watch?v=pUIBABE5b6A

1 APR 2016

NASA/ESA/P. Hartigan/G. Bacon NASA/B. Balick/V. Icke/G. Mellema



https://www.youtube.com/watch?v=pUIBABE5b6A
http://fuckyeahfluiddynamics.tumblr.com/post/16769807322/astronomers-studying-stellar-jetsmassive-outflows
http://astronomy.swin.edu.au/cosmos/S/stellar+jets
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https://www.youtube.com/watch?v=pUIBABE5b6A
http://fuckyeahfluiddynamics.tumblr.com/post/16769807322/astronomers-studying-stellar-jetsmassive-outflows
http://astronomy.swin.edu.au/cosmos/S/stellar+jets
http://arxiv.org/ftp/physics/papers/0501/0501149.pdf

Get a copy of these slides by going to:
http://nicolesharp.com/talks

Nicole Sharp
http://fuckyeahfluiddynamics.tumblr.com
fyfluids@gmail.com

Twitter: @fyfluiddynamics

YouTube: fyfluiddynamics

Patreon: patreon.com/FYFD
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