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Abstract. A technique for the simulation of atmospheric boundary layers in wind tunnels is developed
and tested experimentally. The device consists of a grid made of seven horizontal and vertical evenly
distributed bars in which air injection holes are drilled in order to influence the flow in the wind tunnel.
The air flow in each bar can be controlled independently. Firstly, the device is used together with a rough
carpet, which covers the test section floor, in order to simulate the boundary-layer characteristics over an
open rural area. Hot-wire measurements, performed at different positions in the test-section, show the
capability of the grid in generating the required boundary layer. An acceptable agreement with statistical
values of mean velocity and turbulence profiles has been achieved, together with a good span-wise
homogeneity. The results are also compared with those of a passive simulation technique based on the us
of spires.

Keywords: wind tunnel tests; atmospheric boundary layers simulation; active grid; turbulence profiles;
hot-wire measurements.

1. Introduction

The use of wind tunnel experiments to study how structures and buildings interact with the wind
in a region near the surface of the earth is still of fundamental importance. For this type of
problems, numerical techniques, such as direct numerical simulations (DNS) and Reynolds Averaged
Navier Stokes equations (RANS), are still limited, respectively, by the extremely high Reynolds
numbers involved and by the lack of reliable turbulence models.

Two methods are normally used for the simulation of neutral atmospheric boundary layers in a
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wind tunnel. The first is based on the natural growth of the boundary layer along a rough surface.
The roughness elements should be of a size and density characteristic of the terrain surrounding the
site and extend sufficiently far downstream for the required turbulent shear layer to become fully

established. This may give a good representation of the real conditions, but very long test sections
are required (Cermak 1982). However, most of the wind tunnels have smaller and shorter test
sections than required, so it is necessary to accelerate the growth of the boundary layer thicknes:
artificially. This can be done by introducing special devices at the entrance of the test section that
modify the momentum distribution across the boundary layer, generating the same losses as can b
achieved by a longer region of roughness elements.

These artificial devices can be divided in two main classes, passive and active. The main
difference is that the latter provide an additional source of energy in the flow, e.g., air injection,
pulsating grids or moving airfoils. Passive devices, instead, can be any kind of “static” obstacle
(e.g., a barrier) positioned inside the mean flow.

Among passive devices, the most commonly used are barriers, spires and vortex generators. The
barriers provide the initial momentum deficit near the ground level representing the effect of a
longer boundary layer development. The simplest form of a barrier is a plane solid wall. However,
barriers produce features which are inconsistent with a naturally grown boundary layer, i.e.,
separation bubbles or non-desired pressure gradients, which limit their maximum height. These
effects can be reduced by perforating the barrier. Moreover, the fetch of the roughness has to be
long enough to let these effects decay and the boundary layer recovers. The use of spire arrays i
combination with floor roughness begun in the late 60’s and they are now widely employed in
different shapes. The spires fulfil the dual role of a mixing device and barrier in a single
component, and correctly distribute the momentum loss at the beginning of the test section. A
simple shape of triangular flat spires was empirically developed by Irwin (1981).

The dimensions depend on the requested boundary layer shape and thickness. This method is focuse
on achieving the correct mean velocity profile; therefore turbulence intensity profiles and turbulence-
generated scales must be checked “a posteriori” even though experimental results show that turbulenc
intensity and scales are not far away from full scale data. Elliptic wedge vortex generators (“shark
fins”), followed by a barrier were firstly used by Counihan (1969). This shape has actually been
designed to produce a distribution of turbulence that decay from a maximum value near the ground level
to zero at the top of the generator. The boundary layer thickness is approximately equal to the height of
the generator. The spacing between the generators, the height of the barrier and the relative distanc
between the barrier and the vortex generators are normally chosen by trial and error.

It must be pointed out that atmospheric boundary layers are highly variable in space and in time,
and they are usually not known with a good accuracy. Therefore, in the design phase of a civil
structure, a wind-tunnel simulation that brackets various probable conditions through families of
velocity and turbulence profiles is certainly desirable. Different active techniques may be found in
the literature. For instance, the tunnel itself may be directly driven by an array of blowers whose
velocities can be independently controlled (Teunissen 1975). The Counter-jet technique €iNalgib,

1976) involves the use of upstream oriented wall jets with controllable injection velocities and angle
to the ground. A round manifold tube is normally placed on the wind tunnel floor, at the entrance of
the test section. Other techniques (see e.g., Schon and Mary 1971 and 8tushdrg80) inject air
through the wind tunnel floor in order to thicken the boundary layer. A porous plate may be placed
at the beginning of the test section and the average injection velocity may be varied. Of course,
which method is better depends on many parameters, like for instance the characteristics of the
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target boundary layer, the accuracy of the expected results, the cost and complexity of the
equipment involved and finally the flexibility, i.e. the ability of simulating different conditions.

One important aspect that must be taken into account is the role of the roughness in the wind
tunnel floor since it is strictly connected with the values of the law-of-the-wall parameters, related
to the inner part of the atmospheric boundary layer. If the surface under consideration is lightly to
moderately rough, like flat coastal or rural areas, then the simple use of a carpet or of gravel can be
appropriate (Cook 1982). However, as the roughness increases, other elements of various size an
geometry should be selected. There is not a universal method, and the selection of a suitable
roughness has often been made by trial and error in order to reproduce the boundary layer
parameters at appropriate scales (see Cermak 1982) even though some approximate procedure ft
selecting the appropriate roughness exist (see e.g., Gartshore and De Croose 1977).

In the present work a specific active simulation technique is studied. A specially designed grid,
placed at the entrance of the test section, is used together with a rough carpet that covered the te:
section floor. Holes are made in the grid bars to inject air in the wind tunnel at a certain angle with
respect to the mean flow in order to change both the momentum loss and the turbulence
characteristics. The grid on the other hand generates a turbulent flow, providing a good mixing of
the disturbances created by the injection. In order to investigate the effect on velocity profiles and
turbulence characteristics, different parameters can be changed, i.e., wind tunnel speed, number o
bars with air injection, flow rates through each bar and direction of injection.

The present work, funded by the Swedish Research Council for Engineering Sciences (TFR), is
part of a study of the development and the interactions of the wakes behind wind turbines to
explore the possibility to optimise the power output from wind farms by controlling the wake
development behind upstream positioned wind turbines. In this context, as a first application of the
grid, a boundary layer typical of an open rural area has to be simulated. In particular, the primary
aim is to obtain a good representation of the logarithmic surface layer.

First, the effects on the flow and on the produced boundary layers due to different blowing
conditions will be assessed. Comparison with the profiles obtained behind a passive grid and with
those measured by means of spires will be shown. Required characteristics are realistic velocity,
shear stress and turbulence profiles, a good spanwise homogeneity, and equilibrium conditions ovel
the model test section. Results will also be compared with those reported in the comprehensive
review by Counihan (1975) on adiabatic atmospheric boundary layers.

2. Experimental set-up and analysis procedure

All the experiments are carried out in the MTL-wind tunnel at the Department of Mechanics at
KTH. The Minimum Turbulence Level (MTL) wind tunnel is a vertical closed return facility whose
tunnel test section is only 7 m long, and can be considered relatively short for a correct simulation
of atmospheric boundary layers. The cross-section dimensions a8.8.th and the upper and
lower walls are adjustable in order to be able to precisely control the streamwise pressure
distribution. The wind tunnel is equipped with a heat exchanger positioned after the fan, in order to
keep the air temperature constant and uniform within £0.05

The tunnel is driven by an 86 kW fan and the air speed can be controlled within 0-69 m/s. The
circuit is ventilated to the surrounding atmosphere at the end of the test section where atmospheric
pressure is provided. Before entering the test section, the flow passes through a honeycomb flow
straightener and 5 screens, a settling chamber and the contraction, with a contraction ratio of 9 to
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Fig. 1 Schematic view of the grid installed in the test section, without the air supply tubes

minimise the turbulence level. Characteristics and a description of the MTL wind tunnel are
reported in Lindgren and Johansson (2002).

The grid (Fig. 1) is made by seven horizontal and vertical evenly distributed bars, and is
characterised by a solidity ratio of 45%. Square bars are chosen in order to minimise the Reynolds
number dependence of the pressure losses and turbulence intensity. In each horizontal bar, 8 ai
injection holes with a diameter of 8 mm are present. Air is supplied to the bars by a high-pressure
fan connected to a stagnation chamber, and the pressure can be easily regulated by an exhaust valve. T
air supply tubes are connected to both ends of each horizontal bar to obtain a symmetric flow distribution
through the holes. Valves are connected to the tubes in order to control the airfeehinbar
independently. Direction of injection, number of active bars and flow rates through each bar may be
easily changed during the experiments. The lowest horizontal bar of the grid is positioned directly
on the wind tunnel floor acting like a barrier. The test section floor is covered by a carpet
characterised by protruding half-spherical elements, 3 mm high, distributed with regular intervals of
15 mm simulating the terrain roughness. A schematic of the experimental set-up is shown in Fig. 2.

In order to avoid a non-negligible increase of the mean velocity in a small region close to the roof
of the test section, a small screen is mounted on top of the grid. The screen, with a fine mesh anc
low solidity (20%) increases the pressure drop near the upper wind tunnel wall, forcing the flow to
decelerate. The mean velocity reaches a maximum,)( at a certain distance from the floor, and
became smaller again approaching the top of the test section.

As far as the spires are concerned, they are designed following the empirical relation introduced
by Irwin (1981). They consist of a tapered flat plate normal to the flow, and a splitter plate on the
downwind side positioned at the entrance of the test section. The height of thehspresaluated
from the power law index and boundary layer thickness requested, respegth@l6 andd=0.5
m. The centrelines of the spires were separated with a spanwise interval of half the height of the
spires. More information about the active grid and the spires can be found in Riparbelli (2000).
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Fig. 2 Sketch of experimental set-up

Mean velocity and turbulence components are measured by means of constant temperature ho
wire anemometry (CTA). A cross wire probe specially designed and built in order to measure close
to the wall is used. A 5-axis computerised traversing system protruding from the roof of the wind
tunnel allows a complete characterisation of the flow field. The output signals from the
anemometers are conditioned and digitised by using a National Instrufdhtsonverter board
(PCI-MIO 16-E4) with 12-bit resolution. The hot wires are calibrated in the free stregideothe
boundary layer at different velocities and orientation to the mean flow. Two-dimensional fifth order
polynomials are fitted by means of a least squared method to both the streamwise \é)caitgt (
to the ratio between wall-normal and streamwise velo®ity).

In the inner part of the boundary layer, the following logarithmic law can be used to fit mean
velocity data

U _1 ,=dQ
U. - k%907 O @)
whereU is the mean velocity is the distance from the wak,is a constant, generally assumed to

be 0.4,U. is the friction velocity,z, is the roughness parameter ahds a displacement height,
usually very small or even zero for flat surfaces. Friction velocity is calculated from the Reynolds
stress measurements, using the following relation:

r= /J%U—puv @

In the present evaluation, the contribution from the viscous term is neglected and the profile is
extrapolated toy=0. The remaining unknowns, and d, were found as the parameters that
minimised the error in the curve fit. Care must be taken in order to keep the right number of points
that are included in the region where the law is valid (betweerg180d 0.19, see Nagibet al

1976).
Assuming that the mean velocity profile can be described by a simple power law,
U _noyrd
— = 3
Uref |:}YrefD ( )

the value of the power law index was found by a least-squares fit to the measured values. Thus,
the displacement and momentum thickndssnd 6 may be easily determined by integrating the
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experimental velocity profiles. Finally, the free stream velocity is identified by the maximum value
reached in the profile, and the boundary layer height is found as the heightUwh@@9U,,.,.

Close to the carpet, althoughis not linear iny, a straight line is used as an approximation from
zero to the first measurement point. Integral length scales of the turbulence are evaluated by
assuming that Taylor’'s hypothesis is valid following the relation described by Roach (1986).

WP
LY =1 =
v = 0 auz,, O @

wheref is the frequency anB(f) is the power spectrum.
3. Results and discussion
3.1. Effect of blowing

In the following, results are reported for a measurement position fixed at 5.1 m, which is
approximately where the models will be positioned for the real wind tunnel tests. In order to check
the relative importance of blowing through different bars, the profiles measured behind the passive
grid are compared with those obtained by activating an increasing number of bars, starting from the
bottom. In Fig. 3 the mean profiles are scaled with the free stream veldgit$ n/s), while the
turbulence intensity profiles are scaled with the local mean velddjty The wall-normal scale is
normalised with the wind-tunnel heightii£0.8 m). Each bar carried the same amount of flow rate,
the injection velocity ;) being fixed at 51 m/s. Firstly, it must be pointed out that the grid itself,
even without any injection, considerably increases the boundary layer thickness as compared to a
test section with only the carpet installed. This is mostly due to the bottom bar placed on the floor,
which influences the flow downstream acting like a barrier. Fig. 3 shows that blowing has a clear
effect on the velocity distribution. The boundary layer thickness is considerably increased; the
passive grid generates a boundary layer thickness of 0.2%/IH=0.3), while the most effective
active configuration, i.e., with three bars active, raises it up to 0.4% H+0.55).

If a power law is fitted through the data, a slight increase in the exponent a is observed, varying
approximately from 0.19 to 0.21. However, the differences become less significant when the second
and the third bar are added. From the above discussion it can be concluded that the boundary laye
thickness can be augmented by injecting through the three bottom bars, the third being positioned af
about 50% of the tunnel height. This is the order of magnitude of the boundary layer height
generated downstream. Activating the upper bars does not add any advantage. On the contrary, i
counteracts the effect of the lower bars, and when a uniform injection is set the boundary layer
thickness is similar to the case with a passive grid.

The tests show that only the lower half of the grid may be used to increase the boundary layer
thickness. The power index slightly changes with different blowing settings, while the roughness
parameterz, shows negligible difference with a typical valuezgf0.12 mm. It is possible that this
parameter is mainly dependent on the characteristics of the carpet.

As far as the turbulence intensity is concerned, the figure shows that by activating the upper bars
it is possible to modify the turbulence intensity in the central part of the boundary layer. The
blowing does not seem to affect the intensity very close to the ground where a turbulence intensity
of approximately 20% is achieved and in the top part of the boundary layer where freestream
conditions are reached. The same behaviour is observed for the vertical turbulence intensity
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Fig. 3 Profiles obtained activating a different number of bars. Carpet: without grid. Free stream velocity
U.=6 m/s. Streamwise positior=5.1 m. Fixed injection velocity through each Ha=51 m/s. (a)
mean axial component (b) turbulence intensity: axial component (c) turbulence intensity: wall-normal

component (d) Reynolds stress.

component and for the shear stress profile.

However, if the same overall momentum is injected through a different number of bars (i.e.,
3 pAU/ is kept constant, wher is the hole area anid; the velocity of the jets) the data almost
collapse on each other, both for mean and turbulence components. In Fig. 4 mean velocity profiles
are shown as an example. It may be concluded that as far as the boundary layer thickness an
statistical values are concerned, the overall momentum injected seems to be a governing paramete
independently whether the momentum is injected through the first one or the three bottom bars.

In Fig. 4 the effect of rotating the first bar, i.e. injecting the air vertically, is also reported. The
mean velocity distribution follows the same trend as found before; moreover, no gain in spanwise
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Fig. 4 Profiles obtained blowing through different bars with fixed overall momentum rate inngDé(;qu).
Free stream velocity.=6 m/s;x=5.1m

homogeneity is achieved. These results seem to be in contradiction with some reported in the
literature (see e.g., Nagibt al 1976). This may be partly explained by the strong difference in the
injection velocities, which were much higher in the experiments by Nagib] as compared to

those adopted in the present one.

The effects of the injection depend considerably on the ratio between the injected momentum and
the wind tunnel velocity. Fig. 5 shows the results obtained by measuring at a fixed position
downstreanx=5.1 m, keeping the wind tunnel velocity constant at 6 m/s and varying the injection
rate. It can be seen that different injections result in different velocity distribution through the wind
tunnel height. In Figs. 5a and 5b the data are scaled with the nominal free stream velocity and the
wind tunnel height, in order to show the overall effect of injection. A first observation regards the
boundary layer thickness, which increases with the increase of the injection velocity. By fitting a
power law to these data, it is found that this is a family of profiles with ilmdearying from 0.19
to 0.21. As expected, mean components resemble those shown in Fig. 3, since the main governing
parameter is the overall momentum injected.

The results in Fig. 5 are plotted together with those obtained with the use of spires. It is interesting that
by means of the spires a considerable large boundary layer thickness can be obtained, i.e.,
approximately 90% of the height of the spires, corresponding to 80% of the tunnel dimension.

The shape and characteristics of the boundary layer profiles can be assessed in Figs. 5¢c and 5
where the wall normal distance is normalised with the boundary layer thickness. Note that the
turbulence profiles in Fig. 5d are scaled with the local mean velodily Significant are the
differences both in the mean and in the turbulence profiles, even though the same turbulence
intensities are obtained close to the wall.

In order to assess the quality of the obtained flow and to compare the two boundary layer
generation techniques, measurements performed along the spanwise direction must be discusset
Fig. 6 shows the spanwise profiles of the mean streamwise and vertical components for both the
active and the passive grid as well as the spires configuration, normalized with the spanwise average o
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Fig. 5 Effect of varying the injected momentum rate and comparison with spires. Only the bottom bar is activated.
Free stream velocitW.=6 m/s, Streamwise positior=5.1 m. (a) mean velocity: streamwise component
(b) turbulence intensity: streamwise component (c) - (d) same as (a) and (b) scaled with the boundary
layer thickness.

the considered velocity component. It can be seen that behind the active grid a better spanwise
homogeneity is obtained compared to the one measured behind the spires. Although the difference is
small in U, it becomes much more evident for tiecomponent. The wave shape recalls the
position of the spires, which introduce a discrete disturbance in the flow that persists downstream.

Considering the integral length scales of the turbulence produced by the active grid, it can be seer
that by injecting through all the different bars the length scales do not change significantly. A slight
increase can be observed when the air is injected, with approximately 10-15% incregsanth
20-30% inL.x. However, significant changes cannot be expected since the scales are related to the
geometry and dimensions of the grid (Fransson 2001).
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3.2. Application for the generation of an open rural area boundary layer

As a first application, the grid has been used to simulate a boundary layer typical of an open,
rough or moderately rough, rural area.

Fig. 7 shows results obtained with the active grid using an injection velag)yo{ 51 m/s
through the three bottom bars. The velocity profiles measured at three streamwise distances behinc
the grid almost collapse omach other, showing that the boundary layer develops downstream and
assumes near-equilibrium state early in the test section (at about 50% of the test section length). Ir
particular, the boundary layer maintains similar characteristics in mean velocity, while the shape of
the turbulence profile is slightly modified downstream. The near-equilibrium characteristics are
confirmed by the downstream evolution of the friction velocity and shape factor. This behaviour is
probably related to the presence of the grid, which is believed to speed up the process of reaching ¢
near equilibrium state.

Table 1 summarises the fitting parameters obtained at the test measurement pestibmy for
two different wind tunnel speeds. Values suggested by Counihan (1975) for similar terrain
characteristics are also reported.

Before a comparison can be made between wind tunnel results and data from field measurements,
scale factor must be determined. Statistical turbulence measurements are reported for a particular heigf
from the ground, which must be transformed to a specific wall-normal distance in the wind tunnel.

Since the boundary layer height is a poorly defined quantity being difficult to measure and since
we are interested in the wind-tunnel simulation of the inner part of the boundary layer, the scaling
may involve the roughness parametgand the height of the logarithmic regidng, i.e., the limit
where the profile can be considered logarithmic. By comparing the values obtained in our
experiments and those reported by Counihan it can be seeg thrats not help in finding a unique
scale factor. Indeed, the rangeztalues presented by Counihan for this type of terrain brings to
the conclusion that any scale factor from 80 to 1600 is a plausible value. A more unique indication
is given by the ratio between tidg, distances. In this case, a scale factor of about 1100, which lies
in the range above, is obtained.

Considering the table it can be seen that the power index results are slightly higher in the wind
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Fig. 7 Profiles of the mean and fluctuating axial component at different streamwise distances from the grid.
Free stream velocity).=6 m/s. Fixed injection velocity through each of the three Ugb1 m/s (a)
mean axial component (b) turbulence intensity: axial component (c) turbulence intensity: wall-normal
component (d) Reynolds stress

tunnel measurements as compared to those relevant for flat rural areas, and the present results a
closer to a moderately rough surface. Besides, the turbulence intensity seems to be slightly higher
than the proposed value. The reference position in the wind tunnel measurements, equivalent to 30 metet
in the real ABL, has been estimated by using 1100 as a scale factor and correspbhe3085.

The measured Reynolds stresses close to the ground level are between 0.002 and 0.0025, value
larger than to the ones predicted by Counihan for this type of surface. However, in comparison to
the other quantities considered, the available data for this type of measurement is subjected to e
considerable scatter (cf. Couhinan).
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Table 1 Characteristic values determined from the wind tunnel experiments and compared with typical values
for a rural atmospheric boundary layer, as suggested by Counihan (1975)

. . . . : Counihan/
Active grid Active grid Counihan Active grid
Position downstream the grig,(m) 5.1 51
Free stream velocity)e (m/s) 5.8 10.3
Friction velocity,U- (m/s) 0.262 0.482
Boundary layer heigh® ~ 380 mm ~ 300 mm ~ 600 m
Displacement thicknesd, (mm) 2 3
Roughness parametes, 0.125 mm 0.122 mm 0.01-0.15 m 80-1600
Logarithmic heightdlog 90 mm 90 mm 100 m 1100
Power Indexa 0.21 0.19 ~0.16
(Ums/U) 30 m 16-18% 16-18% 15%
uv/UZ, ~ 0.002 ~ 0.002 0.001-0.0015
Lux (m) 0.13-0.15 120 800-900
0.5, oy
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Fig. 8 Integral length scales measured at different wall-normal positions. Free stream Jgloétyn/s.
Streamwise positior=5.1 m

In Fig. 8 the available data on the length scales are presented. Both streamwise and wall-normal
length scaled.ux and Lvx increase with the height up to half of the boundary layer thickness.
Thereafter they slightly decrease for an increase of height. This behaviour is consistent with the one
observed in reaRBL At the reference positioW/ H=0.035, by interpolating the data in Fig. 8, an
estimated value between 0.13 and 0.15 m is obtained. This value is close to the desired one. Indeec
for this type of terrain, a value of 120 m in the rA8lL (see Fig. 12 in Counihan) gives a scale
factor, which lies in between 800-900. As far aslikieis concerned the value obtained in the wind
tunnel is too small. A typical ratibux/Lvx for atmospheric boundary layers is of the order of 1.3.

Fig. 9 presents an example of the power spectra measured inside the boundary layer. It is eviden
the decrease of the energy at low frequencies for the vertical component if compared with the
longitudinal one, which is the responsible for the low valuevef
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Fig. 9 Spectra evaluated in the boundary layer when the bottom bar is active. Free streamUgl6aitys;
boundary layer height 350 mmi=52 mm

In conclusion, Table 1 shows that, with the present grid, a good indication on a possible scaling is
obtained, even though some uncertainty, due to the high scatter in t#eBteslatistical data, are
present. Finally, it must be concluded that with the proposed method it is possible to simulate the
inner part of the atmospheric boundary layer for the requested type of terrain. However, the scaling
factor obtained is relatively high, which means that only small models can be placed in the wind
tunnel. This fact may preclude the possibility to obtain well-detailed smedrate measurements
around the model.

4. Conclusions

An active grid is designed and developed to explore the possibility of generating an atmospheric
boundary layer in a wind tunnel with relatively short test section. A family of shear layers, which
are typical of rural moderately rough terrain, with an indicative value of the power law index of
0.19-0.21, may be generated. Basically, the boundary layer thickness can be increased by injectior
through the bottom bars and it seems that the governing parameter is the total momentum injectec
disregarding if it is injected through the first one only or if it is distributed over all three bottom
bars. Tests were carried out mostly with counter-flow (horizontal) injection. Upward injection
(vertical) does not give any evidence of improved flexibility. An improved spanwise homogeneity
of the flow is obtained if compared with spires. It is also proved that injection through all the bars
slightly increases the turbulence levels throughout the boundary layer height, without changing the
shape of the profile. Therefore, the obtained effects can be combined to give the possibility of
controlling the boundary layer thickness and the mean velocity profile, by injection through the
bottom bar, and changing turbulence levels by a uniform injection through the others. The influence
of the active grid was proved to be stronger for lower velocities, and tests were carried out with an
injected momentum of 14% of the mean flow. Stronger effects may be obtained by using two fans
in parallel or a more powerful one.

The expected flexibility was less satisfactory regarding the influence on the powen law
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describing the mean velocity profiles. In fact, although the injection velocity was varied from 0O to
54 m/s,a changed within a small range. On the other hand this shows that the floor roughness is
still the most important factor defining the boundary layer characteristics. Once this is established,
through a combined action with a controlled injection it is possible to adapt smaller changes
through a regulation from outside, in order to bracket a broad range of wind conditions. If
completely different situations have to be simulated, the grid remains installed while the roughness
elements are changed.

The configuration presented here is a basic one, where many parameters can be changed and studie
in order both to characterise this device better and to improve it. For instance by changing the ratio
between holes and rod diameter, by using variable spacing between each rod, higher pressure fan t
increase jet velocities and by injecting with variable flow rates across the test section height.
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