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Conducting scale-resolving simulations of turbulent flow requires an accurate way of prescribing the flow at the domain’s
inlet. In [1], Lund and co-authors presented a method for generating inflow conditions, which is suitable for simulating
turbulent boundary layers (TBLs). The method is based on rescaling the velocity field from a plane located downstream
(the recycling plane) to match the integral characteristics of the boundary layer desired at the inlet. This method, and its
variations, found wide-spread use and have been successfully applied to a variety of flow problems [2, 3, 4, 5, 6]. However,
there are difficulties associated with the method proposed by Lund et al [1], such as sensitivity to initial conditions and
choice of the location of the recycling plane [7, 8].
Here we investigate a modification to this method, where instead of using a recycling plane located inside the TBL,
velocity values obtained from a plane located inside a separate channel flow simulation are used. Consequently, there is
no longer a two-way coupling between the values being rescaled and the values at the inlet, which rectifies the problems
mentioned above. This approach was previously tested by Pronk [9] and showed promising results, but the performance
of the method was not evaluated in a comprehensive manner.
It is important to note, however, that the rescaling procedure, as defined in [1], is valid only under the assumption of self-
similarity between the flow where the recycling plane is located and that prescribed at the inlet. When rescaling values
from channel flow instead of a TBL, this self-similarity assumption no longer holds. The effect of this violation on the
adaptation length of the flow has to be investigated.
Another practical disadvantage is that while the original method allows to generate the inflow velocity field concurrently
with the simulation, the modified approach requires the creation of a time-resolved dataset with flow data in a plane. That
is, the channel flow simulation has the role of a precursor. However, a single precursor simulation may potentially be
used to generate the inflow field for several simulations, making the cost of the precursor negligible.
The rescaling procedure as defined in [1] was implemented as a package written in Python. The design of the package
allows it to be used in conjunction with various file formats and thus different CFD solvers. However, the read/write
routines currently implemented in the package are directed towards using OpenFOAM to conduct the simulations. To
make handling large datasets easier, a part of the OpenFOAM library was modified to allow reading in all the inflow
values from a single file, in HDF5 format [10]. In turn, the developed Python code supports output of the dataset in HDF5
as well. As a result, the newly developed software in conjunction with available standard OpenFOAM solvers and utilities
forms a convenient tool-chain for generating inflow boundary fields for scale-resolved simulations of flows with TBLs.
To evaluate the performance of the method, a zero pressure-gradient TBL simulation was considered as a test-case.
Channel flow, at Reτ = 550, was used as a precursor. Via the procedure described above the velocity field from the
precursor was rescaled and fed into the inlet boundary of the domain of the main simulation, a hexahedron of size 120δ0×
8δ0 × 4δ0, where δ0 is the thickness of the TBL at the inlet. A side-view of the domain is shown in figure 1. The velocity
magnitude field, scaled with the free-stream velocity, is used to visualize the TBL.

Figure 1: The computational domain. The TBL is visualized using the instantaneous values of the velocity magnitude, scaled
with the free-stream velocity. Flow from left to right.

A grid with the following parameters was used: ∆x+ = 50, ∆z+ = 20, y+1 = 1 (the friction velocity at the inlet is used
for scaling), and 51 points stretched in the y-direction across δ0. The spatial and temporal derivatives were discretized
using second order accurate schemes, and no subgrid scale model was employed. The solver pimpleFoam, available as
part of the OpenFOAM library, was used to obtain the solution.
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Figure 2: Evolution of the skin-friction coefficient, cf , (left) and the mean wall-normal velocity at the edge of the boundary
layer, V +

e , (right) as a function of Reθ .

To evaluate the accuracy of the results, the DNS datasets by Simens et al [11, 12] and also Schlatter and Örlü [13] were
used for reference. The left graph in figure 2 shows the evolution of the skin-friction coefficient as a function of Reθ.
After a short adaptation length the computed values start agreeing well with the DNS data. The right graph in figure 2
shows the evolution of the mean wall-normal velocity at the edge of the boundary layer. The behaviour of this quantity
is especially interesting, because wall-normal velocity is prescribed to be zero across the whole inlet (there is no mean
flow in the wall-normal direction in channel flow). As seen in the figure, the adaptation is quite rapid. At the inlet Reθ
is slightly above 1000, and at Reθ ≈ 1500 the values are already reasonably close to DNS data. This corresponds to
an adaptation length of approximately 25δ0. These preliminary results allow to conclude that the inflow field generation
method used is potentially competitive with the original method [1] in terms of adaptation lengths. This, combined with
the robustness of this approach, makes it an attractive candidate for both academic and industrial applications.
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