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1 Introduction

Shock wave boundary layer interaction (SWBLI) in high-
speed aerodynamics has been the subject of several exper-
imental and numerical studies in the past. Today, with the
renewed interest in supersonic and hypersonic flights, the
subject has become increasingly important, especially for
aerospace applications (rockets, missiles, supersonic and
hypersonic vehicles...).

The interaction of shock waves with boundary layers is a
basic fluid-dynamics phenomenon that has both fundamen-
tal and practical importance. From a practical standpoint,
the interaction of SWBL can have a significant influence on
aircraft or rocket performance and often leads to extremely
undesirable effects, such as drag rise, massive flow separa-
tion, shock unsteadiness and high wall heating. From the
fundamental point of view, this problem involves the basic
structure of a shock interacting with separated flows which
represents one of the simplest occurrences of a strong vis-
cous/inviscid interaction (see examples shown in Fig. 1),
and therefore an ideal test case for Navier–Stokes solvers.
In this problem, several phenomena related to viscous flows
exist, such as boundary layers with adverse pressure gradi-
ents, induced separation, recirculation bubbles, shear layers
and some of their salient features can be found in references
given by Dolling [1], Settles and Dolling [2], Délery [3],
Dolling and Dussauge [4].
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Previous studies on supersonic wall bounded flows
[4–24] have shown that shock wave boundary layer inter-
action occurring in many situations, such as ducts, wind
tunnels, nozzles or ramps may exhibit strong unsteadiness
that cause large wall pressure fluctuations. Those fluctua-
tions associated to large shock excursions are prejudicial to
the mechanical behavior and can subsequently cause fatigue
or structural damages. From these studies, we have learned
that the shock motion has a frequency much lower than
the characteristic frequency of the turbulent boundary layer,
and that the time scale associated with the low-frequency
is of order of O(10δ/U∞ − 100δ/U∞), in contrast to the
characteristic time scale of the incoming boundary layer
which is of O(δ/U∞). Despite a large number of experimen-
tal and numerical studies devoted to the characterization of
shock oscillations and large-scale turbulence identification,
the cause of the low-frequency motion (influence of upstream
or downstream conditions or intrinsic shock low-pass filter
behavior) is still a debate question.

From numerical point of view, significant progress has
been made in the development of both steady (RANS)
or unsteady hybrid (RANS/LES) methods, which incorpo-
rate configuration-dependent flow physics. An assessment
of RANS methods for SWBLI problems can be found in
the AGARD report edited by Knight and Degrez [25]. In
general, the majority of RANS models failed to capture the
high level of unsteadiness in the shock system observed in
the experiment and none of them provide a good prediction
of r.m.s. (root-mean-square) fluctuating surface pressure
and heat transfer. Recently, however, large-eddy simula-
tion (LES) and direct numerical simulations (DNS) have
been applied to the SWBLI problem with significant success
[26–30] and subsequently some tentative of explanations of
the origin of the low-frequency shock motion were given
(see, for example, [31–33]).
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Fig. 1 Schematic representation of typical situations where SBLWI is encountered. Examples include transonic shock-boundary layer separation
(a), oblique shock impinging turbulent boundary layer (b) and supersonic flow over a compression ramp (c)

In spite of many studies on the subject, the mechanisms
of shock wave boundary layer interaction are quite complex.
If much has been collected about the mean properties of
SWBLI, at least in two-dimensional flows, the fluctuating
aspects of the phenomenon has not received a comparable
attention in spite of the important practical consequences of
these fluctuations as concerns aeroelasticity, aeroacoustics
and other fields. Recently, an attempt has been made to clas-
sify the frequency ranges of the shock motion, according to
the type of interaction and the flow regime [34]. The results
are encouraging and suggest that the frequencies can be only
lower than in the incoming turbulence. However, this analysis
is restricted to a limited number of geometries, typically two
dimensional. Indeed, much effort should be spent towards
the identification of the origin of the low-frequency shock
movement as well as the physical mechanism that drive this
phenomenon.

2 Thematic issue on SWBLI

The thematic issue on SWBLI focuses on the integration of
physical analysis, modelling, and experiments for the study
of basic shock-wave interactions with turbulent boundary
layer over an adiabatic plate, and helps provide a basis for
future work in this area. This issue includes seven original
papers from experts in the various aspects of SWBLI (physi-
cal description, advanced measurements and numerical sim-
ulations). Roughly half of the contributions are experimental
investigations, and the other half is dedicated to numerical
simulations. Some of the selected papers have been presented
in short versions at the 18th International Shock Interaction
Symposium (ISIS18), 15–18 July 2008 Rouen, France (see
http://isis18.coria.fr) and the other have been proposed by
different authors in reply to our call for contributions. It
should be mentioned that all manuscripts have been strictly
peer-reviewed according to the SWJ procedure and policy.

In this framework, several experimental techniques have
been used with different flow configurations (flat plate,

transonic channel and ramp) to elucidate the phenomenon of
boundary-layer separation and shock interactions. For exam-
ple, Debiève et al. [35] presented an experimental study of
the dynamics of the interaction of an oblique shock with
a fat plate turbulent boundary layer. Optical resolutions
as well as pressure information have been used to high-
light the important characteristics of this unsteady flow with
emphasis on the low-frequency movements of the separated
shock. The authors proposed a scenario to explain the cou-
pling between the separation shock motion and the separated
bubble pulsation in a shock reflection. On the other hand,
Délery and Dussauge [36] summarized the essential features
of nominally two-dimensional shock wave boundary layer
interactions, using a mixture of techniques including exper-
imentation and calculation (characteristics methods) to ana-
lyse several shock configurations with more insight into the
physics of SWBLI in general.

From a more practical standview and towards the study of
passive-flow control of SWBLI, two different experimental
investigations were presented. In Blinde et al. [37], micro-
ramps devices based on a PIV technique are used to analyse
the manipulation of separation in an interaction produced by
an impinging oblique shock wave, whereas Bur et al. [38]
have dedicated their study to boundary-layer separation con-
trol inside a transonic channel flow with a bump shape at
the lower wall, in which various vortex generation configu-
rations are tested with different arrangements and sizes. The
experimental data are obtained through flow visualizations
(schlieren, laser-sheet, surface oil flow visualizations) and
pressure measurements at the wall (average and instanta-
neous wall pressure sensors) and results are presented for
both an unforced case and for a forced oscillation configura-
tion. The main finding is that vortex generators are effective
in delaying flow separation both in the forced and unforced
case.

From a computational and modelling point of view, com-
pressible flows, in general, and shock/boundary-layer inter-
action, in particular, pose substantial challenges. Although
some features of this interaction are also encountered in other
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boundary layers subjected to smoothly varying adverse pres-
sure gradient, there are aspects which make particularly diffi-
cult the prediction of shock-affected flows. There is, first, the
question of numerical accuracy and shock-capturing meth-
ods in which the representation of wave characteristics is
of considerable importance. Modern low-dissipative high-
order methods, based on Riemann solvers and high-order
WENO interpolations, are now generally regarded as offering
an accurate and stable numerical framework. However, stud-
ies (see e.g. [39–41]) indicated that these high-order shock-
capturing schemes are still too dissipative for capturing fine
scale turbulence fluctuations. Their excessive numerical dis-
sipation, especially when applied to strong steady shocks or
unsteady turbulence/shocklet interaction, has encouraged the
use of hybridizing (switching) between spectral or high-order
compact schemes and high-resolution shock-capturing meth-
ods (switch to shock-capturing methods at discontinuities)
[30,33,42,43]. As regards turbulence, it might be assumed
that only the most elaborate turbulence models, specifically
those resolving dynamically the interaction between various
energetic scales and its interplay with the flow anisotropy
as well as the shear stresses, would be able to give a well-
adapted representation of the complex interaction processes
in shock-affected flows.

In this context, Touber and Sandham [44] used an
advanced CFD code in conjunction with large-eddy simu-
lation techniques based on a dynamical subgrid model to
study the physical mechanism related to the dynamics of
the recirculation bubble downstream of the shock that drives
the low-frequency shock oscillations in conjunction with the
unsteady coherent large scales that are well-identified. Addi-
tionally, the unsteady aspects of SWBLI are correctly repro-
duced in agreement with previous experimental data and the
3-D flow topology is clearly highlighted. Also, Pirozolli et al.
[45] presented a numerical analysis of shock boundary layer
interaction under conditions of incipient separation by means
of both LES and RANS methods and showed in this case
the importance of incoming turbulence. On the other hand,
Garnier [46] reported results of an advanced CFD investiga-
tion using a Stimulated Detached Eddy Simulation (SDES)
methodology on the unsteadiness aspects of the 3-D SWBLI.
DES stands as a promising solution for computing complex
geometries, since it combines the efficiency of a Reynolds-
averaged turbulence model near the wall with the fidelity of
Large-Eddy Simulation (LES) in separated regions.

Finally, it should be recalled that substantial additional
research in 3-D shock wave turbulent boundary layer inter-
actions is needed to achieve greater understanding of the
flow physics and to improve the accuracy of numerical sim-
ulations. Since the main finding is revealing the unsteady
nature of the flow separation, which is not easily accessible
by experiments in real configurations, the quantitative data
of the CFD, if well validated through selected benchmark

calculations, should help to understand and explain such flow
behavior.
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