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I N T R O D U C T I O N E X P E R I M E N T S 

• Air in the boundary layer near a surface can display many flow structures.  

Image credit: Y. Kohama 
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• Turbulent boundary layers exhibit 
higher skin friction and mixing, 
causing increased vehicle drag and 
heating. 
 

• About 50% of drag on commercial 
aircraft comes from skin friction  
controlling transition on the wings 
alone could reduce vehicle drag 
15% 

Image credits: NASA, Lockheed Martin, Saric et al.; Horvath et al. AIAA 
2010-241. 
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Image credit: Y. Kohama; Transition map adapted from Morkovin et al. (1994). 

• Disturbances enter the boundary layer through receptivity, then grow by 
one or more mechanisms before causing breakdown and turbulence.  

• These disturbances include freestream turbulence or acoustic noise, 
surface roughness, curvature discontinuities, surface vibration, etc. 

The transition roadmap 
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Image credit: Y. Kohama; Transition map adapted from Morkovin et al. (1994). 

• Path A includes traditional linear stability analysis and eigenvalue solutions 
of the Orr-Sommerfeld disturbance equations. 
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I N T R O D U C T I O N E X P E R I M E N T S B A C K G R O U N D O U T R E A C H 

Image credit: Y. Kohama; Transition map adapted from Morkovin et al. (1994). 

• Path C involves disturbance growth without unstable eigenmodes that lead 
to exponential growth.  
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Transient growth: mathematically 
 • To see how we might get disturbance 

growth without unstable modes, we return 
to the stability equations: 
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Adapted from Reshotko, E., Phys. Fluids, 13:5, 2001. 
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Transient growth: physically 
 

1. Tumin, A., and Reshotko, E., Phys. Fluids, 13:7, 2001. 
2. Whitehead, A. H., NASA TN D-5454, 1969.  

 

• Transient growth of high and low 
speed streaks can form as a result of 
the lift-up mechanism. 
 

• Transient growth is particularly 
effective for streamwise vortices,1 such 
as those produced downstream of 
roughness.2 
 

Spanwise view of a 
boundary layer 

with contours of 
constant velocity. 

Superpose a streamwise 
vortex pair onto the 

uniform boundary layer 
flow. 

The vortex pair lifts up low-
momentum fluid on the 

outside and pulls down high-
momentum fluid in between. 

high-speed 
streak 

low-speed 
streak 

Streak growth is fed by the lift-
up mechanism, and the streak 
decays as the vortex weakens. 

Oil flow visualization of spherical roughness 
element in Mach 5.5 flow from Whitehead.2 

low-speed 
streak 
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Low-speed transient growth experiments 
 

1. Ergin and White, AIAA Journal, 44:11, 2006. 
 

• Subsonic experiments by Ergin and White1  (and colleagues) have measured 
transient growth in the wake of an array of isolated roughness elements. 
 

• In doing so, they showed experimentally-realized transient growth is 
suboptimal, meaning receptivity does not produce a set of initial 
disturbances that will achieve maximum growth downstream. 
 
 
 

Experimental set-up of Ergin and White.1 Steady velocity and vorticity contours from 
Ergin and White.1 

Streamwise evolution of disturbance 
energy Erms from Ergin and White.1 
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Hypersonic surface roughness experiments 
 

1. Danehy et al., AIAA 2009-394, 2009. 
2. Bathel et al., AIAA 2010-4998, 2010. 
3. Kegerise et al., AIAA 2010-4999, 2010. 

 

• Most prior work has focused on transition location and prediction, not the 
physical mechanisms. 
 

• Recent work by Danehy1, Bathel2, Kegerise3, and colleagues with isolated 
roughness on flat plates shows promise but does not focus on transient growth. 
 

Temperature sensitive paint and plan-view velocity 
profiles for an isolated cylindrical roughness 

element at Mach 8.1 from Bathel et al.2 

NO planar laser-induced fluorescence showing 
flow behind an isolated hemispherical roughness 

element at Mach 4.2 from Danehy et al.1 
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Transient Growth Cone  
 

• Objective: Measure roughness-induced 
transient growth in a hypersonic boundary layer. 
 

• Model:  Stainless steel, straight, 5-degree half-
angle cone with 5 interchangeable nosetips 
 

Frustum base diameter:  80 mm 
Frustum length:  331 mm 
Sharp model length: 456 mm 

Smooth 

Distributed roughness 

Discrete roughness Smooth Discrete roughness 

6.35-mm 
radius 

1.59-mm radius 
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Mach 6 Quiet Tunnel (M6QT) 
 

Quiet Test Core 

Straight-wall section and slow  
expansion contour minimizes  

growth of the Görtler instability 

Quiet test core defined upstream by Mach 
5.91 uniform flow and downstream by 

acoustic disturbances generated by nozzle-
wall turbulent boundary-layer eddies and 

radiated along Mach waves 

Toggling bleed valves allows  
 quiet (0.05% Pt'/Pt) or  

noisy operating conditions 

Settling chamber boundary layer 
removed via vacuum ejectors, initiating 
new laminar boundary layer on nozzle 

• Low-disturbance test 
environment up to a 
 Re = 10 x 106 m-1 

 

• 40 second nominal run-
time 
 

• Hotwire anemometry 
used as primary 
diagnostic (presently 
uncalibrated) 

 
 
 

Enclosed free-jet test section 
with two-axis traverse with 

400x200 mm of travel and O(5 
µm) accuracy 

Vacuum-pressure blow-down 
configuration using a two-stage 

air ejector system 
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What is quiet flow? 
 

• Conventional hypersonic tunnels have freestream Pitot fluctuations of 2-3%. 
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Current experimental configuration 
 

Nose bluntness: 1.59-mm radius 
nosetip 

Roughness type: 1-mm tall DRE array 

Roughness location: 115 mm from 
sharp tip 

Roughness wavelength: 3.56 mm  

Roughness spacing: 20 degrees  

Overall length: 390 mm 
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Boundary layer profiles 
 

Boundary layer profiles: 
 

• show laminar flow 
despite 1 mm roughness 
 

• vary in height with wall 
temperature 
 

• collapse when 
normalized by δ99.5V 

 
 
 

X/Lsharp = 0.95; Re = 9.9 x 106 /m 
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Azimuthal profiles 
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Ongoing work 
 

• Determine the cause 
of the variations in 
streak thickness. 
 

• Measure additional 
streamwise locations 
to quantify evolution 
of streaky structure 
 

• Investigate other 
Reynolds numbers 
and roughness 
configurations. 
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FYFD in brief… 
 

Established:  July 2010 

Platform:  Tumblr 

Format:  new posts M-F 

Posts:  870+ 

Readers:  180,000+ 

Seen on:   
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Identify a niche, and aim to fill it. 
 

Image credit: J. Dorfman 
 

• Lack of public education 
 

• Overlooked in 
mainstream science 
journalism 
 

• Underexplained, when 
mentioned at all 
 

• Existing websites too 
technical or esoteric 

 
 
 
 

Fluid dynamics circa 2010 
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Pick the right tool for the job. 
 

• Consider your message. 
 

• Choose your audience. 
 

• Find a medium that 
complements your 
goals. 
 

• Leverage existing 
communities.  

 
 
 

When selecting a social media 
platform… 
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Enthusiasm is infectious. 
 

FYFD Reader Survey (July 2013) 

Responses: 450+ 

“Does your occupation or course of study relate to fluid dynamics?” 

Yes: 41.9% No: 51.1% Other: 7.0% 



I N T R O D U C T I O N E X P E R I M E N T S B A C K G R O U N D O U T R E A C H 

Remember that outreach 
is not about dumbing 
technical concepts down 
but about taking the time 
to explain them.  
 

Image credit: M. Rosic 
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Relating unfamiliar 
concepts to familiar ones 
makes them memorable. 
 

Image credit: J. Kiliger 
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“What FYFD content do you find most valuable?” 

Explanations 
of phenomena 

Links to 
research 

Educational 
videos 

Relating FD 
to daily life 

Answers to 
reader 

questions 

Artwork Other 

86% 

38% 

58% 
54% 

24% 

33% 

5% 

“I love reading 
about things I notice 

in my every-day 
life.” 
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Consistency is key. 
 

“I’m so pleased [FYFD]’s been a 
consistently active blog. Most 

other science-themed tumblrs I 
have followed petered out after 

less than a year.” 
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Focus on what you can influence, not what you can’t. 
 

29% of respondents 

“How much has FYFD influenced your desire to pursue fluid dynamics?” 

Strongly 
negatively 
influence 

Negatively 
influence 

No influence 
Positively 

influenced 
Strongly 

positively 
influenced 



I N T R O D U C T I O N E X P E R I M E N T S B A C K G R O U N D O U T R E A C H 

Focus on what you can influence, not what you can’t. 
 

“How much has FYFD influenced your desire to pursue fluid dynamics?” 

Strongly 
negatively 
influence 

Negatively 
influence 

No influence 
Positively 

influenced 
Strongly 

positively 
influenced 

62% of these 
respondents are 

under 30 yo and not 
yet in grad school 
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In summary… 
 

• Find a niche. 
 

• Choose the right tools. 
 

• Don’t dumb it down. 
 

• Keep it relatable. 
 

• Be passionate and 
consistent. 
 

• Keep your focus. 

 
 
 

Image credit: F. Oefner 
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