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Abstract 

Oblique shock waves are the preferred solution to start compressing the flow entering the engine of a 

supersonic/hypersonic aircraft. These shock waves are generated by ramps upstream of the engine 

inlet entrance. To ensure an efficient compression, boundary layer separation along these ramps must 

be avoided. However, if the boundary layer is laminar, the impingement of an oblique shock wave 

usually causes a separation of non-negligible extent. To cope with this issue, fixed turbulence 

triggers can be located on the ramps to force and keep the boundary layer into the more robust 

turbulent state. 

 

This seminar will illustrate some experimental studies carried out at the von Karman Institute for 

Fluid Dynamics on the effectiveness of single roughness elements of different heights in promoting 

transition to turbulence within a supersonic laminar boundary layer. A multiple-Mach-number 

supersonic wind tunnel was designed and qualified for this test campaign, and used for tests at Mach 

1.6 and 2.3. A different facility for testing at Mach 2 was used to investigate the effects of an 

oblique-shock-wave impinging onto the wake of the roughness element.  

 

Steady and unsteady wall temperature measurements were taken by thin-film gauges in the wake of 

the single roughness, along with unsteady wall pressure measurements by piezoelectric pressure 

transducers. Thin-film measurements allowed: 1) the tracking of the convective heat flux and the 

adiabatic-wall temperature spatial evolution downstream of the roughness element; 2) the 

characterization of the wall temperature fluctuations. Pressure measurements complemented this 

characterization by measuring the pressure fluctuations at the wall. Results from both types of 



measurements taken in the test campaign at Mach 1.6 and 2.3 were used to conclude on the state of 

the boundary layer, thus on the effectiveness of the roughness element in promoting transition to 

turbulence. Results from wall temperature measurements taken in the Mach-2 test campaign were 

used to characterize the unsteady behavior of the roughness wake across the shock-impingement 

location. 


