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1) Introduction 

 
This experiment was designed to study some of the aspects of the unsteadiness produced 
in shock boundary layer interactions. This is an interaction in supersonic conditions, in 
which probably most of the phenomena found in transonic conditions are avoided. The 
configuration is an oblique shock reflection, impinging on a flat plate with a turbulent 
boundary layer. Two cases are studied, corresponding to flow deflections of 8° and of 9.5° 
at Mach number 2.3. They are both separated. This experiment is designed to provide the 
characteristics of the low frequency unsteadiness found in such conditions, and affecting 
the reflected (or separation) shock wave and the separated zone itself. 
 
 
2) Detailed description of the flow path sufficiently far upstream and downstream of 

the test section 
 
The IUSTI wind tunnel is a continuous, closed loop wind tunnel. It can be operated during 
4 hours with well controlled operating conditions. It is operated at a nominal Mach 
number of 2.3. The air is dried and the perturbations produced by the machinery are 
damped by appropriate devices: Helmholtz resonator to remove the frequencies related to 
the compressor rotation, heat exchanger, a drier acting continuously and a settling 
chamber. A regulation system stabilizes the stagnation pressure to a prescribed setting. 
Typically, when the wind tunnel is operated at a stagnation pressure of 0.5 bar, its 
variations in time are less than ±0.2%. The stagnation temperature is typically 
atmospheric; with a typical drift of 1K/hour. The level of background turbulence in the 
outer flow is essentially due to aerodynamic noise radiated by the boundary layers. Its 
level is less than 0.1% for velocity turbulence intensity. 
 
The two-dimensional supersonic equilibrium turbulent boundary layer under investigation 
develops on the wind tunnel floor, which is a flat plate. It is subjected to a shock wave 
produced by a shock generator placed in the external flow, as indicated in figures 1 and 2. 
The incoming boundary layer is fully turbulent. The incoming conditions (inlet conditions 
for the interaction) are located at a distance larger than 25 cm downstream of the 
contoured part of nozzle block (more than 25 boundary layer thicknesses). All x 
coordinates in the following correspond to an origin taken on the flat part of the nozzle 
wall, and located 388.6 mm downstream of the sonic neck. Downstream of the interaction 
a diverging diffuser brings the flow from supersonic to subsonic conditions. Various 
devices are placed on the loop to prevent aerodynamic noise to propagate. 
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3) Test section and the model (3-D) 

 

 
 

Fig. 1: Plot of the nozzle with the test section and the shock generator 
 

The main dimensions of the test section are as follows: 
Two dimensional nozzle wall 
Size of the test section height × span (mm2)=122.1 × 170 mm2 at x=180 mm (origin x=0 
defined in the previous section). 
The span of 170 mm is constant in the whole flow. 
Spanwise dimension of the shock generator: 168.5 mm 
Length of the shock generator: 160 mm. 
Thickness of the plate: 4 mm. 
The leading edge has a chamfer with an angle of 10 degrees. 
Position of the nozzle centreline with respect to the lower wall: at x=180 mm, y=60.91 mm 
Each wall makes a slight opening angle of 0.28° with respect to the nozzle axis (Total 
opening 0.56°). 
 
Position of the leading edge of the shock generator: 
The angle θ is defined with respect to the nozzle centerline.  
 

θ (degrees) x (mm) Y (mm), distance 
from the centerline 

y (mm), distance 
from the lower wall 

8 172.6 43.71 104.7 
9.5 177.4 46.58 107.6 
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Fig. 2: Sketch of the interaction (not to scale) 

 
4) Description and explanation of the functionality, wall inclination adjustment  
 
The slope of the horizontal walls of 0.28° with respect to the tunnel axis is due to the 
boundary layer correction. It is specified as the plates are machined. There is no particular 
mechanical adjustment for every run. Once the wind tunnel is started, the only operations are 
the setting of the stagnation pressure in the outer flow, and the setting of the plate inclination, 
performed by stepping motors. 
 
 
5) Guidance through the attached data files (all absolute values in m, ASCII data files, 
AutoCAD, TecPlot if available) 
 
Two files are provided for the contoured wall a file cao_iusti_long1.tin (format  icemcfd) and 
a file cao_iusti_long1.igs (format iges). They give the same information with two different 
formats. The files were generated by E. Garnier (ONERA) from the existing reference 
documents. A plot of the geometry is given in figure 1. In the files, all dimensions are in 
metres. 

 
Some comments should be made: 

1) Note that in this plot and in these files, the vertical direction is noted z, and the 
spanwise direction is y, while in the experimental data base (as in fig. 2), the alternate 
definition is used so that y is the normal direction and z denotes the spanwise direction. 

2) In the files, the shock generator is included for the 9.5° deflection, spanning entirely the 
test section. In the wind tunnel, there is a gap of 0.75 mm on each side so that the installed 
shock generator is 168.5 mm wide, as reported in section 3. 
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3) The coordinates of the contoured block in the supersonic part corresponds to a perfect 

fluid calculation with a boundary layer correction. Upstream of the sonic neck, it was not 
possible to check accurately the coordinates of the installed nozzle block and symmetry with 
respect to the neck was applied to define the shape of the converging part. This ensures that 
the correct radius of curvature is imposed in the sonic zone. 

More generally, some aspects of this design results from compromises. From the existing 
elements, it was not possible, in the subsonic part, to find a shape which matches exactly the 
real geometry everywhere. It is expected that the influence of these approximations on the 
numerical results remains limited. 

 
 
5) Characterisation of the "flow cases" by flow parameters:  
 

External flow: 
The external Mach number, i.e. in the external flow upstream of the the interaction is 
M∞=2.29, stagnation pressure in the potential flow upstream of the interaction is 
ptref=50 663 N/m2; the stagnation temperature in the outer flow is typically atmospheric, and 
remains close to 300K. 
 

Incoming boundary layer: 
The incoming boundary layer is fully turbulent. It develops on a flat plate with nearly 
adiabatic constant wall temperature. The conditions in the incoming boundary layer are 
summed up in the following tables. 
 
The first campaign of measurements called case-2006 has been done with the following 
parameters: 
x (mm) M∞ ptref (N/m2) Ttref (K) δ (99%,mm) Rδ θ (mm) Rθ 

260 2.29 50 663 300 11,0 58760 0.95 5070 
 
 
A second campaign called case-2007 corresponds to to the following conditions, in which the 
thickness of the incoming boundary layer is smaller than in the previous case. 
 
x (mm) M∞ ptref (N/m2) Ttref (K) δ (99%,mm) Rδ θ (mm) Rθ 

260 2.29 50 663 300 10,0 53420 0.87 4640 
 
Turbulence quantities in the incoming layer correspond to a fully turbulent boundary layer 
with the usual similarity on turbulent quantities in Morkovin’s representation. 
 


