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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 

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

Image credit: Y. Kohama 
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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 

Å Turbulent boundary layers exhibit 
higher skin friction and mixing, 
causing increased vehicle drag and 
heating. 
 

Å About 50% of drag on commercial 
aircraft comes from skin friction Ą 
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. 



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). 

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

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

The transition roadmap 
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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). 

Å Path A includes traditional linear stability analysis and eigenvalue solutions 
of the Orr-Sommerfeld disturbance equations. 
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Image credit: Y. Kohama; Transition map adapted from Morkovin et al. (1994). 

Å Path C involves disturbance growth without unstable eigenmodes that lead 
to exponential growth.  
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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 

Transient growth: mathematically 
 Å To see how we might get disturbance 

growth without unstable modes, we return 
to the stability equations: 
 

öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å

µ

µ

y

f

gy

f

s

os

F

L

t

0

coupling 
parameter 

Adapted from Reshotko, E., Phys. Fluids, 13:5, 2001. 
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Å ¢ƘŜ άǎƻƭǳǘƛƻƴέ ƻŦ ǘƘƛǎ ǎȅǎǘŜƳ ƛǎΥ 
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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 

Transient growth: physically 
 

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

 

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

Å 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. 
 

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

Å 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 


