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1. Introduction
Reactive and high-speed flows involve struc-
tures of varying spatial scales and can benefit
from adaptive grid methods to reduce compu-
tational demands. Though highly flexible, the
traditional Adaptive Mesh Refinement (AMR)
method lacks error control, and its refinement
criteria are often adjusted iteratively, with no
guarantee of achieving the desired accuracy.
Adaptive wavelet methods, and in particular
finite-volume wavelet methods, aim to solve this
issue by leveraging the multiresolution repre-
sentation offered by Cartesian grids, combining
it with wavelet multi-scale decomposition, com-
pression, and error control theory to adapt the
grid, placing finer cells where the solution varies
greatly. While these methods have been ap-
plied to a wide range of problems, they are of-
ten confined to custom computational environ-
ments optimized for multi-level representations
and Cartesian grid modifications. If shown ef-
fective in general-purpose algorithms, wavelet
methods could offer significant efficiency and
accuracy gains to the finite-volume CFD com-
munity and industries dealing with complex,
multi-scale flows. This work evaluates the im-
plementation of first-order (Haar) and third-
order (quadratic) finite-volume wavelet methods

in the open-source software OpenFOAM, tested
on 3D shock problems including the Sod Shock
Tube and the Taylor-Sedov Blast Wave, based
on the set-ups from Paolucci et al. [1].

2. Methodology
The study uses the multiresolution theory devel-
oped by Harten [2] and follows the approach of
Roussel et al. [3], implemented in OpenFOAM-
12. A Cartesian grid is represented in multi-
ple nested uniform dyadic levels connected by an
agglomerating projection operator and an inter-
polating polynomial prediction operator which
estimates finer levels and whose accuracy re-
lates to the order of the wavelet employed (one
interpolating cell for the Haar and three for
the quadratic approach in 1D). Interpolation er-
rors represent bi-orthogonal wavelet coefficients
whose thresholding yields a sparse flow represen-
tation with controllable error with respect to a
uniform grid of same maximum resolution.

3. Numerical Results
The work focuses on accuracy evaluation and
memory reduction as the required frequent grid
modifications bottleneck CPU cost in industrial
software not optimized for Cartesian grids. A
shock capturing solver is used with first-order
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time and second-order spatial schemes.

3.1. Sod Shock Tube
The Sod Shock Tube test, initialized with a
smoothed discontinuous pressure jump, vali-
dates the effectiveness of the adaptive Haar
method. Although domain or initial condi-
tions modifications and additional buffer layers
are necessary to compensate for this low-order
wavelet’s over-localization - which can otherwise
cause numerical instabilities - the solution re-
mains reliably close to that of a uniform grid of
same maximum level while achieving impressive
data compression. Compared to gradient-based
AMR, the Haar method avoids over-refinement
in moderate gradient regions, reducing cell count
by an order of magnitude for the same accu-
racy, with potential for further gains at finer
scales. However, careful threshold selection is
essential and depends on the imposed resolution
limit. Thresholds can be guided by estimation
formulae, which require calibration through sen-
sitivity analysis to progress to higher resolutions.
Although one of such formulations is found rea-
sonably adequate, caution is advised.

3.2. Taylor-Sedov Blast Wave
The Taylor-Sedov Blast Wave test highlights
key differences between the first-order Haar and
third-order quadratic wavelet approaches. The
Haar approach demonstrates robustness through
consistent grid adaptation across space and
time, as well as effective error control, in line
with results from the Shock Tube test. In
contrast, the higher accuracy of the quadratic
wavelet increases sensitivity to discontinuities
at non-conformal interfaces of resolution tran-
sitions (despite non-orthogonal flux corrections)
and to adaptation-related oscillations in gradi-
ent regions (despite flux-correction measures to
ensure conservation). These sensitivities may
stem from differences in fluxes computation and
from the lack of high-order interpolation for new
cells in large-scale codes compared to traditional
wavelet multiresolution implementations. Con-
sequently, quadratic-based adaptation yields a
mix of over- and under-refinement, resulting in
inconsistent error control and higher cell counts
compared to the Haar approach. Figure 1 visu-
ally summarizes the differences in grid adapta-
tion between the two methods.

Figure 1: Haar (left) and Third-order (right)
adaptive grid cells centers and Taylor-Sedov
blast pressure

4. Conclusion
Adaptive wavelet methods show promise for im-
proving computational efficiency in large-scale
CFD simulations, particularly in applications
where resources are limited. However, high-
order wavelets are found overly sensitive to
grid-induced numerical discontinuities, common
in general-efficiency-oriented industrial software,
limiting their robustness. First-order Haar
wavelets offer a viable alternative, achieving
accuracy comparable to traditional AMR with
lower memory demands, though they also intro-
duce challenges such as time-intensive param-
eterization and set-up modifications, which re-
duce practical usability. While primarily re-
stricted to Cartesian grids by their theoretical
basis, these methods can extend to complex ge-
ometries with immersed boundary conditions,
albeit with known accuracy drawbacks. Fur-
ther work may include the use of higher order
numerical schemes, different thresholding rules
and decreasing adaptation frequency in view of
improved efficiency.
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