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ABSTRACT 

 
The effect of beginning of roughness patch on the evolution of two-dimensional Tollmien-Schlichting waves 
is investigated theoretically and numerically. The wall roughness is found to destabilize the flow through the 
positive energy production just above the inflection point of base flow in the concave region of the roughness. 
For the change in wall geometry, about 14 periods are needed to attain the stability characteristic of 
streamwise-periodically corrugated roughness when the wavelength of the T-S wave and wall corrugation is 
comparable while the effect of change in average position of roughness remains further. The latter influence 
is also studied by considering channel with a simple expansion/contraction. It is shown that evolution of base 
flow towards the plane Poiseuille flow downstream of step is found to be represented by using 
slowly-decaying stationary eigenmodes, similar to that for the channel entrance flow. It is also found that the 
influence of sudden expansion/contraction to the stability of flow persists far downstream. 
 

Key Words: linear stability, channel flow, wall roughness, DNS 
 
 
1.  

1)-3)  
Floryan2), 3)

T-S

Asai & Floryan4)

 

T-S
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematics of flow domain. 
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Fig. 2. Streamwise variations of disturbance energy. 

Fig. 3. Streamwise variations of disturbance energy at 
20th roughness (x0=117).

Fig. 4. Contour map of energy production.

Fig. 5. Contour map of energy dissipation.
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Fig. 6. Streamwise variation of growth rate. Symbols 
and line are DNS and theory, respectively.

Fig. 7. Streamwise variations of disturbance energy for 
different average wall positions. 
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Fig. 8. Streamwise variations of disturbance energy in 
the channel with sudden contraction/expansion. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. The Y-distribution of U for channel expansion 
with s=0.02hu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Comparison of (a) Y- and (b) X-distributions of 
perturbation velocity (s=0.02hu). 
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