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ABSTRACT
We present a detailed study of the turbulence generated

by the Chopper, a gust generator installed at the wind tunnel
of Centrale Nantes in France. The Chopper, a rotating bar that
cuts through the inlet of the test section, generates strong, sud-
den, turbulent flow disturbances. The impact of the inlet wind
speed and the rotational speed of the Chopper blade on the
gust shape and turbulence are investigated by means of hot-
wire measurements. While the average gust velocity is con-
stant up to a blade passing frequency of 0.2 Hz, it increases for
higher frequencies and seems to stabilize above 1.0 Hz. The
gust length was found to be inversely proportional to the blade
rotational frequency. The energy spectra show a clear iner-
tial subrange with a -5/3 power law decay, and in accordance
with the average gust velocity, we identify two shifted iner-
tial ranges, one for blade passing frequencies up to 0.2 Hz and
one for blade passing frequencies above 0.4 Hz. The intermit-
tency parameter, that quantifies the rate of degaussianisation of
the streamwise velocity derivative in the inertial range, shows
a clear difference between non-turbulent and turbulent inflow,
but it is independent of the blade passing frequency.

INTRODUCTION
Atmospheric gusts, i.e., (very) strong, (very) sudden

changes of the flow velocity, can cause problems in many
applications, e.g., performance of unmanned aerial vehicles
(Stutz et al., 2023), aircraft safety, or wind energy (e.g.,
Kosović et al. (2025)).

Therefore, it is of interest to model sudden, strong varia-
tions of the inflow under controlled conditions in wind tunnels.
For this, various systems have been envisaged, of which a few
will be briefly discussed in the following.

Transverse gusts can be modelled by adding a cross-flow
that is perpendicular to the stream-wise direction. The cross-
flow can either pass from an inlet through the test section to
an outlet (e.g., Corkery et al. (2018) in a water channel and
Poudel et al. (2018) in a wind tunnel), or from an inlet onto
the opposite side of the test section, in which case it would
model a thunderstorm downburst, e.g., Zhang et al. (2015).

For the generation of stream-wise gusts, different meth-

ods have been tested. For example, Horlock (1974) presents
a wind tunnel with test section walls that are flexible and can
be controlled to produce sinusoidal transverse and streamwise
gusts. Through blockage modulation at the end of the test sec-
tion of an open jet facility, Greenblatt (2016) achieves flow
variations. These approaches all focus on variations of the ve-
locity while keeping the turbulence intensity low. Active de-
vices at the inlet of the wind tunnel, such as rotating slotted
cylinders (Tang et al., 1996) or a pitching and plunging airfoil
(Wei et al., 2019a) can generate periodic gusts. Alternatively,
an array of oscillating 2D airfoils at the inlet of the wind tunnel
can be used (Wester et al., 2018; Wei et al., 2019b). In con-
trast, active grids, originally introduced by Makita (1991), are
powerful tools to generate different types of turbulent inflows
(Bodenschatz et al., 2014; Hearst & Lavoie, 2015; Neuhaus
et al., 2020), shear flows (Cekli & van de Water, 2010; Hearst
& Ganapathisubramani, 2017) and gusts (Berger et al., 2022).
While active grids stand out due to their flexibility and avail-
able research, they are also costly and complex.

In this study, we will analyse the gusts produced by yet
another device, the Chopper: a rotating bar, the Chopper
blade, that cuts through the inlet of a wind tunnel test sec-
tion, cf. Figure 1. The Chopper has been introduced by Ne-
unaber & Braud (2020b) and the gust shape and turbulence
have been analysed for a Chopper blade width of 200 mm
for one inflow velocity, u0 = 25 ms−1, and two different blade
passing frequencies of the Chopper blade, fCH = 0.04 Hz and
fCH = 0.4 Hz. Note that the rotational frequency is half of the
blade passing frequency. It was found that strong, sudden, tur-
bulent gusts are produced that have a reproducible average gust
shape. The turbulence within the gust shows strong features of
homogeneous isotropic turbulence with an f−5/3 decay within
the inertial range of the spectrum.

In this work, we will present a new set of experiments
that includes a new design of the Chopper blade and Chopper
frequencies ranging from 0.02 Hz to 2 Hz.

SET-UP & METHODOLOGY
The experiments were carried out in the aerodynamic

wind tunnel at the LHEEA laboratory at Centrale Nantes in
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Figure 1. The Chopper consists of a rotating bar, the Chopper blade, that cuts through the inlet of the test section. Upstream of the
Chopper blade, a grid can be installed to add background turbulence to the flow. The flow is scanned with an array of five hot-wire
probes. A horizontal and a vertical plane are investigated.

France. It has an inlet of 500 mm×500 mm and a test section
length of 2300 mm. Maximum velocities of 40 ms−1 could be
reached at the time the experiments were carried out.

As detailed in Figure 1, the Chopper is installed at the in-
let of the test section. Its position is captured with an induction
sensor when it is passing through the center of the inlet. The
Chopper blade used here had a width of 100 mm.

Experiments were carried out both in the low-turbulent
flow of the wind tunnel (turbulence intensity T I ≈ 0.3% for
an empty test section) and with a regular square grid installed
upstream of the Chopper. The grid has a mesh width of
M = 70 mm and a bar width of b = 6 mm, and it was installed
to create turbulent background flow that evolves alongside the
gust. At x = 1585 m, T I ≈ 3.0%, cf., Neunaber & Braud
(2020a).

The inflow velocity u0 is defined here as the velocity of
the empty inlet (i.e., the Chopper blade is not blocking it) at
1530 mm downstream for both low-turbulent and turbulent in-
flow.

An array of 5 single hot-wires was traversed downstream
in the test section. The centerline hot-wire was operated by
a Disa 55M01 main unit and standard bridge, while the re-
maining four wires where operated using MiniCTA modules
of type 54T30 from Dantec Dynamics that have a lower tem-
poral resolution of about 10kHz. The sampling frequency was
set to fs = 100 kHz and a hardware lowpass filter was set at
fLP = 40 kHz. To reduce noise from the anemometers at high
frequencies, the data was additionally filtered at 20 kHz with
a seventh order Butterworth filter. Depending on the Chopper
frequency, the acquisition time was between 120 s and 600 s
to ensure that a sufficient amount of gusts was captured. The
wires were calibrated frequently using a Disa calibrator of the
type 55D45 with a nozzle of 60 mm2, and temperature correc-
tion according to Hultmark & Smits (2010) was applied.

For u0 = 25 ms−1 and fCH = 0.04 Hz and 0.4 Hz, a hor-
izontal plane and a vertical plane at 1530 mm were scanned.
The exact measurement positions are presented in Figure 1.
Chopper frequencies fCH between 0.02 Hz and 2 Hz were ad-
ditionally investigated for an inflow velocity of 25 ms−1 at

1530 mm downstream.

RESULTS
In the following, we will focus on the variation of the

gust shape and turbulence with different Chopper frequen-
cies at the centerline at x = 1530 mm at an inflow velocity
of u0 = 25 ms−1 .

In Figure 2, the normalized variation of the mean gust
shape, i.e., an average over all gusts of a respective time series,
cf. Neunaber & Braud (2020b), is shown for different Chop-
per frequencies both for the no-grid case (Figure 2a) and the
grid case (Figure 2b) at the centerline 1530 mm downstream.
The inflow velocity was u0 = 25 ms−1. The gusts are plotted
with respect to the Chopper blade angle β , cf., Figure 1, and
the blockage induced by the Chopper blade is indicated.

For low fCH , the gust shape is determined by a small over-
shoot and a blockage-induced strong velocity deficit. With in-
creasing fCH , however, a transition to a gust with two over-
shoots and little velocity deficit is observed. At the measure-
ment position, the gusts are detected later with respect to the
blade position, indicating that the passing of the blade hap-
pens faster than the flow can transport the gust downstream.
The impact of the added inflow turbulence on the gust consists
mainly of a reduction in the gust amplitude, cf., Figure 2b).

To compare the gusts in a more quantitative manner, Fig-
ure 3 shows the mean gust velocities, defined as the average
velocity of the mean gust (cf., Figure 2), and the mean gust
duration. The mean gust duration is estimated by calculating
the variance over bins of 500 samples length for each gust in a
time series, taking the interval in which the variance exceeds a
threshold of 1 m2s−2 as gust duration, and averaging over the
results for all gusts of a time series. This method also allows us
to include error bars that show the standard deviation of the es-
timates of a time series. The threshold is chosen so that it is ap-
plicable both for the low-turbulent and turbulent inflows. The
mean gust velocity is constant for 0.01 Hz ≤ fCH ≤ 0.20 Hz,
increases for 0.2 Hz ≤ fCH ≤ 1.0 Hz, and seems to saturate
for fCH ≥ 1.0 Hz. The mean gust duration l decays according
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Figure 2. Mean gust shape plotted over Chopper angle for various Chopper frequencies for a) low-turbulent inflow, and b) turbulent
inflow (grid installed) at u0 = 25 ms−1 and x = 1530 mm, which is equal to 15.3 Chopper blade widths.

Figure 3. a) Mean gust velocity, and b) mean gust duration in dependence of the Chopper frequency at u0 = 25ms−1 and x= 1530 mm,
which is equal to 15.3 Chopper blade widths. Error bars represent the standard deviations of the gust velocities and durations of all
gusts of a time series.

to l ∝ f−1.06
CH despite the change in behaviour that is observed

both from the mean gust shape and the mean gust velocity with
increasing fCH . The turbulent inflow only has a small impact
on the mean gust velocity and duration.

Figure 4 shows the energy spectra E( f ) of the whole time
series for the different Chopper frequencies at u0 = 25 ms−1

at the centerline 1530 mm downstream. As already reported
in Neunaber & Braud (2020b) for fCH = 0.04 Hz and fCH =
0.4 Hz, the Chopper frequency and its harmonics can clearly
be distinguished by peaks in the spectra. At large scales, the
spectra are otherwise flat, and the inertial range extends ap-
proximately over 2 orders of magnitude, where it follows an
f−5/3 decay. The transition of the gust behavior from low to
high Chopper frequencies is reflected also here through slight
changes in the inertial range. The turbulent inflow does not
have a major impact on the energy spectra.

To further investigate the small-scale turbulence within the
gusts, next, we are investigating the Castaing parameter

λ
2(τ) =

lnF(δuτ (t)/3)
4

, (1)

that characterizes the heavy-tails of the probability density
functions of velocity increments δuτ (t) = u(t + τ)− u(t) at
time scales τ by means of their flatness F (Castaing et al.,
1990; Chilla et al., 1996). Note that we use the description
in time while the original framework is derived based on spa-
tial scales. If λ 2 ≈ 0, the probability density function of ve-
locity increments at the respective time scale are Gaussian,
whereas λ 2 > 0 indicates the presence of internal intermit-
tency through heavy-tailed probability density function of ve-
locity increments. As we are interested in the evolution of
λ 2(τ) for the small-scale turbulence within the gusts, for this

respective analysis, we subtract the average gust shape from
each gust and run the analysis only on the turbulence within
the gust (cf., Neunaber & Braud (2020b) for details on the
triple-decomposition applied here). The evolution of λ 2(τ)
averaged over all gusts of a respective time series is plotted
in figure 5 for the different blade passing frequencies and for
low-turbulent and turbulent inflow. For all cases, we observe
that λ 2 follows a power law decay for time scales between
10−4 < τ < 10−2. Such time scales, as predicted by the theory
of Castaing et al. (1990), lie within the inertial range of turbu-
lence. For τ > 10−2, λ 2 is constant and close to 0, albeit a bit
larger for lower blade passing frequencies.
To further elucidate the turbulence features within the gusts,
we finally calculate the intermittency parameter µ , that further
characterizes the deviation of the probability density functions
of velocity increments from a Gaussian distribution within the
inertial range. It was introduced by Kolmogorov (1962) to take
into account the scale dependence of the energy fluctuations in
the scaling of the structure functions ⟨(δuτ )

n⟩ ∝ τζn ,

ζn =
n
3
−µ

n(n−3)
18

. (2)

As λ 2 is estimated based on the flatness of the velocity incre-
ments, which is the fourth order structure function divided by
the second order structure function, applying the scaling from
equation 2 allows us to estimate µ through fitting

λ
2 = λ

2
0 +

µ

9
lnτ, (3)

where λ 2
0 is a constant encasing flow properties (Morales et al.,

2012; Neunaber, 2019; Schmitt et al., 2026).
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Figure 4. Spectra of the velocity time series for various Chopper frequencies for a) low-turbulent inflow, and b) turbulent inflow (grid
installed) at u0 = 25 ms−1 and x = 1530 mm, which is equal to 15.3 Chopper blade widths.

Figure 5. Evolution of the Castaing parameter λ 2 for various Chopper frequencies for a) low-turbulent inflow, and b) turbulent inflow
(grid installed) at u0 = 25 ms−1 and x = 1530 mm, which is equal to 15.3 Chopper blade widths.

Figure 6. Intermittency factor µ in dependence of the Chop-
per frequency at u0 = 25 ms−1 and x = 1530 mm, which is
equal to 15.3 Chopper blade widths.

The results of this analysis can be found in figure 6. While no
trends can be seen for an evolution of µ in dependence of the
Chopper frequency, there is a clear difference between the low-
turbulent and turbulent inflow. In the case of low-turbulent in-
flow, the average intermittency parameter is µ̄ ≈ 0.37, whereas
it is µ̄ ≈ 0.28 for the turbulent inflow case. While both values
are within the reported range for homogeneous isotropic turbu-
lence at moderate Taylor Reynlods numbers, cf., Schmitt et al.
(2026) and references therein, this clear difference demon-
strates that this analysis allows us to identify differences in the
small scale turbulence between low-turbulent and turbulent in-
flow that remained hidden with standard evaluation methods.

CONCLUSIONS
First results from an extensive campaign studying the

gusts produced by the Chopper were presented. We find that
the average gust has a decreasing amplitude with increasing
Chopper frequency and that the duration decreases according
to l ∝ f−1

CH . The mean gust velocity seems to stabilize both
for fCH ≤ 0.2 Hz and for fCH ≥ 1.0 Hz with a transition in be-
tween, that is also present in the spectra. The impact of a tur-
bulent inflow on the results is small when taking into account
standard analysis methods. However, through an analysis of
the small scale turbulence within the gust by means of the evo-
lution of the shape parameter λ 2(τ) in dependence of the scale
τ , and the intermittency parameter µ , we showed that, while
the gust turbulence exhibits values typical for homogeneous,
isotropic turbulence for both low-turbulent and turbulent in-
flow, these values differ. This is an indication that the inflow
turbulence affects the small-scale turbulence within the gust,
which warrants further investigations.

Next evaluation steps will be focusing both on the gust
shape at different span-wise positions and at different inflow
velocities, and on investigating the turbulence statistics by
means of gust turbulence intensity, and higher-order two-point
statistics.
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