
Hybrid WENO Scheme for Compressible 
Flows with Shock-Turbulence Interactions 
Capturing different physics 
in a compressible turbulent 
flow by the implementation 
of a hybrid scheme that se-
lects an appropriate numer-
ical method based on a so-
lution-adaptive sensor. 
The propagation of information in a 
compressible flow spreads at finite 
speed, called the speed of sound. 
The nonlinear nature of the flow fur-
ther allows for disturbances traveling 
faster than the speed of sound, caus-
ing a sudden change of the local fluid 
state (“shocking” the fluid). Moreover,  
at large Reynolds numbers, the flow 

transitions from laminar to turbulent, 
which is characterized by a broad 
range of length scales of turbulent 
eddies. The interaction of shock 
waves with turbulence creates a 
complex flow structure which requires 
different numerical schemes depend-
ing on the local flow.
The goal of the project is the imple-
mentation of an advanced numerical 
scheme that selects an appropriate 
high-order kernel (e.g. centered 
WENO or shock-capturing WENO5) 
for the numerical resolution of the 
local flow. The algorithm must be de-
signed to scale on high performance 
computing architectures (HPC).
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In the CSE Lab, we combine computational methods, computer science tools and do-
main specific knowledge to solve scientific and engineering problems in areas such as 
Fluid Mechanics, Nanotechnology and Life Sciences. The core computational compe-
tences of our group are in particle methods and in stochastic optimization techniques.
Motivated by challenges in application fields, we focus on identifying the common ele-
ments among computational techniques and on formulating common methodological, 
algorithmic and software structures that facilitate their further development.

PREREQUISITES
Course in intermediate Fluid 
Mechanics
Strong skills in C/C++
Numerical Methods for com-
pressible flow
Ability to work independently
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Figure 1. Shock/turbulence interaction. Left: Turbulent eddies (green structures, flowing from
left to right) are compressed and amplified upon passing through a stationary shock (thin blue
sheet). Right: Strongly wrinkled shock in the nonlinear regime with strong incoming turbulence,
with colors indicating regions of high (red) and low (blue) streamwise velocity.

1. Introduction
Most fluid flows of scientific and engineering interest involve and are strongly affected by
turbulence. For example, turbulence has a great effect on the process of mixing, which in turn
has a major effect on flow separation, combustion, and other phenomena. When interacting
with a shock wave, the state of turbulence changes dramatically. Thus it is clear that the
interaction of turbulence with a shock wave is a key feature in many high-speed engineering
systems. The most fundamental problem in this area is that of isotropic turbulence passing
through a nominally normal shock. This idealized problem allows a study of the mechanics of
the mutual interaction between the turbulence and the shock wave without the complications
which arise from the boundary layer separation and the attendant low frequency unsteadiness
(cf. Dolling [1] and Dupont et al. [2] for discussions of the shock wave turbulent boundary layer
interaction).

This canonical problem shown in figure 1 has received considerable attention in past
theoretical [3], experimental [4, 5], and computational [6–8] studies. The linear theory by
Ribner [3] predicts that the velocity and vorticity variances are amplified during the shock
interaction, and that there is an inviscid adjustment region behind the shock where the
evanascent acoustic modes and turbulence adjusts to establish the post-shock state. This
theory is formally valid in the limits of infinite Reynolds number and zero turbulent Mach
number, but has thus far [6–8] only been tested at Reynolds numbers of Reλ ≈ 20. At these
low Reynolds numbers, the viscous decay behind the shock is comparable to or larger than the
inviscid adjustment, which makes direct comparisons to the linear theory difficult. Furthermore,
the spectrum of turbulence is not truly broadband at such Reynolds numbers. The objective of
the present study is to use direct numerical simulation (DNS) to produce a set of highly resolved
databases at higher Reynolds number, to be used in examination of the validity of the linear
theory as well as in a priori and a posteriori studies of modeling shock/turbulence interaction
in the context of large eddy simulation (LES) and engineering turbulence closures.

2. Numerical method assessment for shock-turbulence interaction
A collaborative assessment of several numerical approaches to shock capturing on a suite of
benchmark test problems deemed relevant for studying the interaction of shocks with turbulence
was undertaken by our SciDAC project team. A comprehensive discussion of the test problems,
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Top left: Turbulent eddies interact with a stationary shock which causes a compression and amplification of the eddies 
behind the shock. Flow is from left to right.
Top right: Highly wrinkled shock surface due to strong incoming turbulence. Red colors indicate regions of high stream-
wise velocity, blue colors indicate regions of low streamwise velocity.
[S. K. Lele and J. Larsson, “Shock-turbulence interaction: What we know and what we can learn from peta-scale simulations”, 2009]
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