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1 Description

Synthetic inlet fluctuations are created using the method described in [1, 2].
The provided Matlab code does Item 1 and 2 below. The code includes the
following steps.

1. Isotropic, homogeneous turbulence is first created on a mesh (Nj = 80,
Nk = 128 cells) at the inlet plane which has 8% stretching from the
two walls. This is denoted the η grid. This means that the fluctuations
in the first 11 cells on the CFD grid (denoted the y grid, see Item 3
below) vary linearly between 0 and the value at the first η cell. In
the spanwise direction the grid spacing of the CFD grid is used. The
kinematic viscosity is 1/130 000.

• 600 modes are used N = 600 (see Eq. 3 in [1]). The number
of modes is high because min(∆η) is small which means that
the CPU time for generating the fluctuations for the 5000 files is
not negligible large (half an hour on a single core of a standard
PC). Since we generate the fluctuations once and store them on
disk, the required CPU time is of no concern. However, if this
procedure were to be used at run time, we could maybe let ∆η ≡
∆z so that N = 32; this reduces the required CPU time by one
order of magnitude.

• κmax = 2π/min(∆η) (see Item 2 at p. 7 in [1])

• p = 4, Lt = 0.1δ = 0.05 m (see Item 3 at p. 7 in [1])

• urms = uτ,inlet = 1/25 m/s (see Eq. 4 in [1])

• ε = u3
rms/Lt (see Eq. 4 in [1])

2. 5000 files are created with u′, v′ and w′ (see Eq. 3 in [1])
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3. The data in these 5000 files are interpolated from the η grid to the
hump mesh (the y grid). The velocities are set to zero at the walls
which means that the turbulence is homogeneous in the entire plane
except over the distance ∆η near both walls over which the velocities
decay linearly to zero.

4. At run time the files are read (see file set inlet bc.f).

5. At run time a time correlation is introduced (see Eq. 5 in [1]) with
T = 0.05δ/uτ (see file set inlet bc.f). Outside the boundary layers,
the fluctuations are dampened by use of a blending function (see Eq.
4 in [2] and set inlet bc.f). The blending function reads

fbl = min {0.5 [1 − tanh(n− δ)/b] , 0.1}

where n is the distance to the nearest wall and b = 0.1m is the distance
over which fbl goes from 1 to 0. δ = 0.5m. Freestream turbulence is
prescribed by not letting fbl become smaller than 0.1. A code for
generating synthetic fluctuations (Item 1 and 2) are given in form of
Matlab routines, see next section.

2 Matlab files

The Matlab files angles.m, randf 1.m, randf 2.m and synt main.m can be
downloaded.

2.1 synt main.m

In Chapter 1 length scale, constants and the grid are defined. The inlet
plane is assumed to be located at x = const, i.e. the inlet plane is a
y − z (j − k) plane. The CFD grid in the z direction is read and for
simplicity only one cell is used in the y direction (nj = 2).
Random numbers are used. A random generator needs a seed; the
sum of the current hour, minute and second (the three last elements
generated by the Matlab command clock) is used as a seed. This
means that a different random velocity field will be generated every
time you run the code.

In Chapter 2 the loop over ntstep realizations (“time steps”) starts.

In Chapter 3 the loop over the inlet grid plane starts.

2.2 angles.m

In this file the angles ϕn, ψn, αn and θn are computed for each wavenumber
n by calling the function rand1.
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2.3 rand1.m

In this file the upper and lower limits of the random numbers are set.

2.4 rand2.m

In this file random numbers are generated. The function corresponds to
ran1 in Numerical Recipes in C: The Art of Scientific Computing, Second
Edition.
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