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Abstract: Nowadays, the development of wind tunnels for the study of various aerodynamic phenomena is
actively developing. It is possible to generate a highly laminar flow only under the condition of structural
stability of the construction parts of the wind tunnel under the action of sharp pressure drops. The aim of this
research is to investigate the deformation and displacement of the structural parts of the developed wind tunnel
capacity of 55 kW depending on the velocity of the generated airflow. To estimate the amount of deformation
and mutual displacement of the structural elements of the wind tunnel depending on the airflow velocity, we
used the ARAMIS optical system.
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1 Introduction

The development of low-speed experimental aerodynamics continues to evolve. This is
very important for the development of different machines and other devices that operate under
the influence of airflow. In 1960-1980, researchers have long believed that the place of
subsonic wind tunnel will take computer simulation [1]. Of course, computational simulations
have improved since then, but they have not come close to reaching the level to replace real
experimental studies. Therefore, in most cases, modern researchers use comprehensive
methods of analyzing the phenomena of Fluid Mechanics. An integral part of the real
experiment is high-quality technological equipment. The main part of which is a wind tunnel
with a high degree of laminar flow. Many scientific institutions are developing their wind
tunnels.

For example in article [2] describes the development of a multi-purpose wind tunnel with a
capacity of 15 kW. This wind tunnel was built at the Faculty of Engineering and Built
Environment, Universiti Kebangsaan, (Malaysia). Computational Fluid Dynamics simulation
was used to establish the optimal geometric parameters of the tunnel and the characteristics of
its flow. However, a description of the reporting measuring equipment was used to estimate
the actual parameters of the generated flow.

Article [3] presents the results of a study of a new wind tunnel developed by the University
of Applied Sciences in Saarbriicken (Germany). This tunnel has a closed type of Gottinger
construction. The dimensions of the tunnel are 12 x 3.5 x 2 m. The air is driven by a rotor
with a capacity of 75 kW, located on the upper side. The Finite Element Analysis method was
used to study the characteristics of tunnel construction. This method helped to found that in
different parts of the tunnel construction there are different values deformation.

The maximum value of deformation can observe at the connection with the fan. The
operation of this fan creates oscillations that are transmitted to the entire body of the tunnel.
However, the maximum values of deformation can be observed in the confuser that connects
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to the fan. Because in the confuser due to the action of fan oscillations and a sharp drop in
pressure there is a maximum deformation. The development of the classic construction of a
wind tunnel of closed type is presented in the article [4]. It shows the construction features of
a low-speed wind tunnel of closed type. The maximum flow velocity in the test section is 90
m-s™. The authors argue that the generated flow has a low degree of turbulence which allows
you to effectively study various phenomena of aerodynamics. Wind tunnels are an efficient
tool for quickly obtaining data related to the flow-through scaled or full-scale models. Given
their prevalence, nature, and usefulness, the design of wind tunnels is a fairly common but
difficult task.

Therefore, the authors in their article [5] investigated the main stages of designing
aerodynamic low-speed wind tunnels. Based on the experimental data obtained, the authors
developed recommendations for the most common parts of wind power tunnels, including
flow generators, settling chamber, test section, diffuser, drive, and other additional
components.

There are also a large number of low-speed open-type wind tunnels [6-9]. That is, these
tunnels do not have a closed-loop for airflow. This type of construction is common. In the
article [10] shown a small subsonic wind tunnel with an open circuit. The maximum flow
velocity in the test section is 20 m-s™, the compression ratio is 6.25 and creates maximum
uniformity in the middle plane of the working section. Among the main parts of this design is
a section for generating and calming the air.

One of the most common practical tasks that are solved with the help of a wind tunnel is to
study the patterns of behavior of airflow around various objects. In particular, many
researchers have focused on the study of turbulence [11-15]. Also, wind tunnels are often
used to evaluate the adequacy of the obtained results of numerical simulations [16]. A similar
situation have water tunnels, where the generated flow is used to study various hydrodynamic
phenomena [17]. However, it should be noted that only wind tunnels that have a high quality
of the generated flow can provide adequate experimental results.

It is clear that when developing a high-quality wind tunnel it is necessary to take into
account the influence of airflow acting on its structure. This means the ability of the structure
to withstand pressure drops or other mechanical factors (eg vibration). Which in turn can
cause deformation of the structural elements of the tunnel and as a consequence reduce the
quality of the output airflow.

To date, systems for non-contact measurement of material deformation have become
widespread. These systems are very practical. Because they are making it possible to analyze
the deformation of objects with complex geometry under the action of airflow.

For example, in article [18] shown the results of experimental studies of the deformation of
the wings of two models of supersonic aircraft. During tests in a 9-by-7-foot supersonic wind
tunnel at NASA's Ames Research Center. The method of stereophotogrammetry was used for
experimental research. Measurements of deformations of surfaces of test models were carried
out due to the simultaneous shooting of high-speed cameras from two directions. The
obtained results allowed to estimate the bending and twisting parts of the studied models at
different flow velocity.

A similar method was used by the authors in article [19]. Where they developed a
videogrammetry method for measuring deformation, which is based on the use of paint that
has a high sensitivity to pressure. They propose to use this technique to estimate unstable air-
elastic deformation and pressure fields on the wings of an airplane in transcranial and
supersonic wind tunnels.
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The parameters of the outlet air flow mainly depend on the design of the wind tunnel.
Therefore, the study of the behavior of parts of the wind tunnel structure during its operation
is an actual task.

2 Materials and methods of research
2.1 The wind tunnel

An open-type wind tunnel was developed in the laboratory of power machines of the
University of Western Bohemia (Fig. 1) [20-22]. This wind tunnel can generate a flow
velocity V of up to 90 m-s2.

Among the main parts of the structure are the section for generating airflow, diffuser,
settling chamber, confuser (contraction), and the test section. All parts of the wind tunnel
except the flow generation section are located on one common frame.

The flow generation section has a three-phase Tamel electric motor with a capacity of 55
kW. A radial fan is attached to the motor shaft. At maximum power, the speed of the electric
motor is 2270 rpm. The air enters the wind tunnel through a cylindrical filter. The purpose of
this filter is to prevent unwanted objects and pre-eliminate turbulent flows. Before entering
the filter is a small nozzle to decrease pressure drop.

The airflow is pumped from the fan to the diffuser. After passing the last, the value
velocity of a flow decreases but the static pressure increases. The diffuser has a rectangular
inlet of 400 x 500 mm and a rectangular outlet with beveled corners. The diffuser is divided
into three sections. Its total length is 800 mm. Each of the sections is a steel welded structure.
Between these parts are metal screens. They enable the distribution of the airflow equally by
breaking the rotating airflow caused by the fan. A flexible coupling was used to prevent the
transmission of vibration from the flow generation section to the diffuser.

Radial Fan S

Settling Chamber

Connection

Electric Motor |
\ |

Fig. 1 Construction of the wind tunnel. a) Flow generation section. b) General view of the
wind tunnel

The settling chamber has a cross-section of 740 mm. The size of the cross-section
corresponds to the size of the outlet of the diffuser. The purpose of this module is to eliminate
the turbulence of the flow, due to the destruction of air vortices that cause the pulse of the
flow velocity. For this, the settling chamber space is divided into four separate sections,
between which are installed metal screens. Each section is a steel body and allows you to
equalize the pressure at the top and bottom part of the chamber. To avoid unwinding of the

Volume 70, No. 2, (2020) ©2020 SjF STU Bratislava 183



flow along its axis in the first section of the chamber is honeycomb in the form of a hexagonal
membrane.

After the settling chamber the confuser is placed. It should be noted that at the outlet of the
confuser the flow velocity increases significantly but decreases the static pressure. From a
structural point of view, it is a metal structure with a complex configuration that ends with a
suitable outlet for the test section. The length of the confuser is 920 mm. The confuser output
is connected to the testing section. Which has a rectangular shape with dimensions of
300x200 mm and a length of 740 mm. It is located on a subframe made of aluminum profiles
attached to the mainframe. The walls of the test section are made of extruded transparent
polycarbonate. The sidewalls and bottom are made of monoblock, the top cover consists of
parts. This allows you to cover all or part of the measuring space, according to the needs of
the experiment. The parameters of the wind tunnel were controlled using the developed
program in the LabVIEW.

We used Pressure indicator Druck DPI 800 for identification the pressure drop in the
confuser.

2.1  ARAMIS system

The main task of the wind tunnel is to generate a low degree of turbulence of the output
airflow. It is clear that this parameter significantly depends on the design quality of the wind
tunnel. The design of the tunnel must withstand sharp pressure drops and impulses of airflow.
Vibration can also be attributed to the negative phenomena of any mechanical system. This
phenomenon can occur if the rotating parts of the tunnel structure (such as an electric motor
or a radial fan) have some eccentricity. In this case, the vibration will be transmitted to the
entire body of the wind tunnel and will significantly degrade the quality of airflow. That is
why the study of deformation and mutual displacement of the main parts of the wind tunnel
construction is an important task.

The ARAMIS non-contact optical measuring system is used for this task (Fig. 2). This
system has two stereo cameras that provide active accurate monitoring of objects in three-
dimensional coordinates on the principle of triangulation. It performs high-precision 3D
measurement in the submicrometer range, regardless of the geometry and temperature of the
sample. In our case, the ARAMIS SRX system from the ARAMIS sensor family was used.

Markers

Fig. 2 Using the ARAMIS system to assess the behavior of structural elements of the wind
tunnel. a) ARAMIS SRX system. b) Analysis of structural deformation of the settling
chamber. c) Analysis of shift of the electrical motor

This system consists of two 12-megapixel cameras that have a maximum image recording
frequency of 335 Hz. Also, by reducing the image quality, we have increased the recording
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frequency to 500 Hz. Based on the received data from the image surface components or
reference points are formed. These points are analyzed for three-dimensional displacements
depending on time. In our case, markers with a diameter of 18 mm were used to identify
reference points. The cameras were placed opposite each other on a 600 mm long frame.

LED lighting was used in the research. It is optimized for measurements at discrete points
in areas up to 25 m2 The dual light configuration uses the effect of light reflection at
reference points. This significantly reduces the exposure time to a range of a few
microseconds. This feature allows us to analyze objects moving at high speed.

To analyze the behavior of the wind tunnel construction, four parts were selected: the test
section, the diffuser, the settling chamber, the confuser, and the electrical motor. We also
investigated how the part of the coating of the test section to which the obstacle is attached is
deformed. It was used as an obstacle square profile 45x45x200 mm. Part of the cover was
made from wood.

Experimental studies were performed for two cases. In the first case, the behavior of the
object was studied with a sharp increase and decrease in flow velocity from 0 to 76 m-s?at a
recording frequency of A=3-5 Hz. In the second case at a constant flow velocity of 76 m-s™ at
a recording frequency of A=500 Hz.

3 Results and discussion

The ARAMIS system allows us, among others, to analyze the change in distance between
two reference points. It is this distance that we will estimate in further analysis.

Fig. 3 shows the experimental results of the deformation of the test section during the
operation of the wind tunnel. To measure the amount of deformation, two measuring lines L1
and L2 were formed. They were placed diagonally in the space between the test section and
the common frame (see Fig. 3 a). Measuring line L1 characterizes the shift of the farthest
point of the test section relative to the confuser. Then what line L2 on the contrary. As a result
of the analysis of changes in the length of these lines, we obtained the dependence of the
deformation of the test section on the airflow (Fig. 3 b, c, d). For each curve of experimental
data, we also got a fit curve (polynomial of the sixth order). We used two different image
recording frequencies A=3 Hz - for a sharp increase and decrease in the velocity, A=500 Hz -
for a constant velocity.

Fig. 3. b shows that the deformation of the test section with a sharp increase in airflow
from 0 to 76 m-s* increases and is uneven. For the line L1 the maximum deformation is &1 =
0.011 % while for the line L2 - & ~ 0.008 %. This is a logical phenomenon. Because the
rigidity of the structure in these places is different. There is also a significant pressure
difference between the inlet and outlet of the test section. At a constant V = 76 m-s? the
deformation of the test section is constant ¢1 ~ 0.008% mm (Fig. 3 c). Whereas the value of
deformation &> does not change.

Fig. 3 d shows the dependence of the amount of deformation of the test section at a sharp
decrease in air velocity. We can see that at 40 m-s™ the deformation disappears. It should be
noted that Fig. 3 d shows the dependence of the value of ¢1 and &2 immediately after a sharp
increase in the flow velocity u. Therefore, the final and initial values of deformation in Fig. 3
b and Fig. 3 d are almost identical. But significantly different from the values obtained in Fig.
3 c. This pattern is because, with a sharp increase in flow velocity, the deformation of the
material of the test section has a somewhat inertial behavior. First, it increases sharply and
then due to the stress relaxation of the material it decreases slightly. Because one part of the
test section is connected to the tunnel and the other is located at a distance from it. They
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manifest the relaxation of the material in different ways. Thus, for &2, the shift is almost zero.
Whereas for ;1 the deformation is stabilized at 0.008 %.
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Fig. 3 Deformation of the construction of the test section depending on the flow velocity.

a) The position of the measuring lines between the reference points. 41, 32 - fractional change

in length for L1 and L2 respectively. b) Deformation at a sharp increase in flow velocity from

0to 76 m-st. c) Deformation at a constant flow velocity of 76 m-s™. d) Deformation with a

sharp decrease in flow velocity from 76 m-s™* to 5 m-s. The blue area shows the elongation
of the measuring line, red area of its reduction

The deformation of the confuser construction depending on the flow velocity is shown in
Fig. 4. For this analysis, two measuring lines L3 and L4 were generated between the four
reference points of the confuser. These lines, respectively, characterize the deformation of the
confuser relative to its height and length. Experimental studies were performed with a sharp
increase in flow velocity to 76 m-s? and a subsequent sharp decrease in flow velocity to 5
m-s™. The recording frequency of the cameras was A=3 Hz. As we can see, the maximum
values of the deformation of the confuser relative to its height and length are observed at
different flow velocity (Fig. 4 b). They also compensate each other somewhat. When the
value of &3 increases, the value of &4 decreases. The maximum deformation for ¢4 ~ 0.006 % at
V =40 m-s. Whereas the maximum value of e3 = 0.005 % at V = 76 m-s™. It is clear that the

values obtained are very small.
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Fig. 4 Dependence of deformation of the confuser construction depending on the flow
velocity. a) Measuring lines between the reference points of the confuser. L4 is responsible
for longitudinal deformation. L3 is responsible for the deformation relative to the height of the
confuser. 83, 84 - fractional change in length for L3 and L4 respectively. b) Deformation with a
sharp increase and decrease in flow velocity from 0 to 76 m-s™ and then to 5 m-s™. ¢)
Deformation at a constant flow velocity of 76 m-s™. The blue area shows the elongation of the
measuring line, red area of its reduction

But the obtained distribution is quite logical and have a physical meaning. From Fig. 4 b
we can see that with increasing flow velocity from the beginning there is a significant increase
in deformation in the longitudinal direction. This is understandable because the static pressure
at the beginning of the confuser is much higher than at the outlet. The difference between
these pressures is approximately 2.4 kPa. Therefore, at first there is a slight elongation of the
confuser. After that, take into account the regularity of uniform distribution of stresses in the
material, the process of deformation of the confuser relative to its height begins. A further
increase in the value of &3 will lead to a decrease in the value of ¢4. That is, there is a process
of mutual compensation of the amount of deformation of the confuser in accordance with its
length and height. At a constant flow velocity, the amount of deformation of the confuser is
equal to &3 =~ 0.004 % and &4 =~ 0.005 % at 76 m-s™.
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One of the main parts of the wind tunnel design is the settling chamber. The behavior of its
construction under the action of pressure drops is an important factor in generating airflow
with a low degree of turbulence.
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Fig. 5 Evaluation of deformation of the settling chamber. a) Measuring lines between the
reference points of the settling chamber. Measuring line L5 is responsible for longitudinal
deformation. Measuring line L6 is responsible for the deformation relative to the width of the
settling chamber. b) Deformation with a sharp increase flow velocity from 0 to 76 m-s™. c)
Deformation at a constant flow velocity 76 m-s™. d) Deformation with a sharp decrease in
flow velocity from 76 m-s™ to 0. The blue area shows the elongation of the measuring line,
red area of its reduction

In Fig. 5 shows the results of experimental studies of the deformation of the settling
chamber depending on the different flow velocity. The experiments were performed with
different camera recording frequencies. In the case of a sharp increase (Fig. 5 b) and a sharp
decrease (Fig. 5 d) flow velocity A=5 Hz, at a constant flow velocity A=500 Hz (Fig. 5 c). For
experimental studies, two lines between reference points were generated. Accordingly, the
first line L5 characterizes the longitudinal deformation of the settling chamber &s, the second
line L6 characterizes the deformation relative to its width e. The maximum value of
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deformation at V = 76 m-s™ for g5 ~0.004 % and for g5 ~ 0.012 %. At a constant flow velocity
of 76 m-s1, the longitudinal deformation of es actually disappears. The deformation s has a
sinusoidal distribution in the range between 0.001 % and 0.003 %. We should be noted that
the construction of the settling chamber has minimal deformation at a sharp increase and a
decrease of flow. That allows us to provide qualitative calming of airflow.

The wind tunnel can be divided into two parts: part of the tunnel to generate airflow and
part of the tunnel to calm it. A flexible coupling is used to connect them. It is clear that during
the operation of the wind tunnel, the pressure difference in these parts can lead to some
displacement. We investigated the displacement of the part of the tunnel to generate the flow
relative to the part of the tunnel to calm the flow (Fig. 6).

We first generated five measuring lines between reference points. Lines L7, L8, L9 show
the horizontal mutual displacement ALz, A Ls, AL of the two parts of the tunnel construction.
Straight lines L10 and L11 are placed symmetrically on the diagonals of the flexible coupling
and show displacement AL1o, AL11. For each measuring line, we investigated two cases. In the
first case, with a sharp increase and a sharp decrease in the flow velocity at A=4 Hz (Fig. 6 b,
e). In the second case at a constant flow velocity at A=500 Hz (Fig. 6 c, f).

Fig. 6 b shows that the maximum displacement with a sharp increase in flow velocity in
the horizontal plane is observed at 76 m-s™ for ALy = 0.35 mm. At a constant flow velocity
(Fig. 6 e) the amount of displacement remains constant AL7~ 0.21 mm, ALg~ 0.13 mm, ALg~
0.1 mm. Interestingly, the displacement values for ALs and ALg are different. Although they
are placed symmetrically. This shows that the displacement occurs not only parallel to the
horizontal plane. This fact is confirmed by experimental data for the displacement of AL1o and
AL1: (Fig. 6 e). This Fig. shows that with a sharp increase in flow velocity, the obtained
distribution of curves ALio and AL is symmetric. Their maximum displacement is in the
range of 0.6-0.7 mm. At a constant flow velocity of 76 m-s?, the displacement for AL1o = 0.6
mm and for AL11 = 0.5 mm (Fig. 6 f). In general, this phenomenon occurs due to a significant
pressure drop. When injecting air flow by a radial fan to part of the tunnel to calm the flow.
The airflow receives some resistance when passing through the diffuser. Because after the
diffuser in the settling chamber the pressure is much higher than atmospheric. Therefore,
some parts of the flow to form the so-called reverse thrust. Which acts in the opposite
direction and shifts the section to generate the flow relative to the vertical plane. The obtained
results confirm the need to use a flexible coupling in the production of wind tunnels.

We also investigated the magnitude of the displacement of the motor depending on the
velocity of the generated flow. To estimate the displacement, two lines L12 and L13 were
generated between the reference points of the motor housing and a separate base element. As
you can see in Fig. 7 a in the left corner is a metal profile. It is not attached to the general
construction of the wind tunnel. This can help to more accurately determine the displacement
of the motor. Because reference points on the profile are always fixed.
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Fig. 6 Estimation of relative mutual displacement of tunnel parts for generation and
calming of airflow. a), d) Measuring lines between the reference points. L7, L8, L9 is
responsible for longitudinal displacement. L10 and L11 are responsible for the offset relative
to the diagonals of the flexible coupling. b), e) Displacement at a sharp increase and decrease
in flow velocity from 0 to 76 m-s™ and then to 5 m-s™. ¢), f) Displacement at a constant flow
velocity 76 m-s™. The blue area shows the elongation of the measuring line, red area of its
reduction
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Fig. 7 Estimation of the displacement of the electric motor depending on its operating
modes. a) Measuring lines L12, L13 between the reference points. b), ¢) Construction of a
measuring plane for observing of an angle of inclination of the electric motor. d), f)
Displacement at a sharp increase and decrease in flow velocity from 0 to 76 m-s™ and then to
5 m-s™. e) Dependence of the angle of inclination with a sharp increase and decrease in flow
velocity from 0 to 76 m-s™ and then to 5 m-s™.The blue area shows the elongation of the
measuring line, red area of its reduction
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Fig. 8 Estimation of obstacle displacement depending on airflow velocity. a) Measuring
lines between the reference points. b) Location of the obstacle in the inside of the test section.
c) Fastening of an obstacle on a wooden part of a covering of the test section. d), f)
Displacement for AL14 and AL s at a sharp increase and decrease in flow velocity from 0 to 76
m-s™ and then to 5 m-s. ) Displacement at a constant flow velocity 76 m-s™. The blue area
shows the elongation of the measuring line, red area of its reduction
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We also analyzed the displacement of the motor relative to the three planes x, y and z. The
recording frequency of the camera was at A=4 Hz. The obtained experimental results are
presented in Fig. 7 d, f, e. In Fig. 7 d and Fig. 7 f we can see that the displacements of the
motor relative to the three axes are very similar. Their maximum value of displacement is
observed in the vertical plane for ALyi» = ALy13 = 0.25 mm. We also found that with
increasing flow velocity, the motor will shift relative to the horizontal plane by o = 1° (Fig. 7
e). An example of constructing a measuring plane to determine the angle of the engine is
shown in Fig. 7 b, c.
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Fig. 8b shows the dependence of the displacement of the obstacle in the form of a square
cylinder depending on the air flow velocity. As for previous experimental studies, we
analyzed three cases. The first with a sharp increase in flow velocity to 76 m-s* at A=5 Hz.
The second at a constant flow velocity of 76 m-s? at A=500 Hz. The third with a sharp
decrease in flow from 76 m-s* to 10 m-s* at A=5 Hz. To analyze the obstacle displacement,
we generated two measuring lines L14 and L15 between the reference points of the obstacle
and the test section (Fig. 8 a). It is worth noting that the obstacle is fixed on a wooden
material (see Fig. 8 c).Therefore, its displacement is mainly due to the deformation of the
wood material. In Fig. 8d we can see that the maximum obstacle displacement at a sharp
increase in flow is for ALis and for ALis is 1.8 mm. The symmetrical distribution of the
obtained curves is quite logical. Because they show the displacement of the obstacle relative
to the two opposite sides of the test section. At a constant flow velocity of displacement AL14
and AlLis is = 1.5 mm (Fig. 8 e). Accordingly, at sharply reduced flow velocity, the
displacement of the obstacle decreases sharply (Fig. 8 f).

CONCLUSION

We used the ARAMIS system to study the behavior of the structural parts of the wind
tunnel as a function of flow velocity. As a result of the experiment, the amount of
displacement of the electrical motor, deformation of the confuser, of the settling chamber, and
of the test section. We also investigated the mutual displacement of parts of the wind tunnel to
generate and to calm the airflow.

Studies have been done for several cases. In the first case, we sharp increased the flow
velocity to 76 m-s™ and then sharp reduced the airflow to 10 m-s™. In the second case, we
investigated the behavior of the tunnel construction at a constant flow velocity of 76 m-s™.
We also changed the recording frequency of the cameras A=3-5 Hz (for the first case) and
A=500 Hz (for the second case). The results of experimental studies are shown in Table 1.
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Table 1. Experimental results

Structural element of the
wind tunnel

At a sharp increase velocity
from 0 to 76 m-s’?

At constant velocity 76 m-s?

Test section (emax, %0)

e1~0.011; 82 ~ 0.008

€1~ 0.008; &2 ~ 0.001

Confuser (&max, %0)

€3~ 0.005; 84 ~ 0.006

g3~ 0.004; &4 ~ 0.005

Settling chamber (&max, %)

g5~ 0.004; 86 ~ 0.012

g5~ 0.001; &6 ~ 0.003

Coupling (ALmax, mm)

AL7~0.35; ALs ~0.20
ALg~0.22; AL1op ~0.70
AL11 ~0.60

AL7~0.21; ALs ~0.14
ALg ~0.10; AL1o ~ 0.60
AL11 ~0.50

Electric motor (ALmax, mm)

ALy12 ~0.28; ALy13 ~ 0.26;
ALx12 ~ 0.18; ALx13 ~ 0.16;
ALz12 ~0.15; ALz13 ~ 0.20;

ALy12 ~0.22; ALy1z ~ 0.20;
ALx12 ~0.16; ALx13 ~ 0.14;
ALz12 ~0.12; ALz13 ~ 0.15;

As we can see the obtained experimental data for the two measurement cases are different.
With a sharp increase in the flow velocity, the values obtained are greater than with a constant
flow velocity. This is due to the relaxation properties of the material of the structural parts of
the tunnel.

The largest value of displacement we can observe near the elastic coupling. In fact, this
value shows how much the section for generating the flow is displaced from the section of the
wind tunnel to calm the flow. This phenomenon occurs due to the pressure difference in the
above sections.

We also investigated the displacement of the obstacle in the form of a square cylinder
depending on the flow velocity. The maximum value of the displacement at a sharp increase
velocity flow is ALis = ALis ~ 1.8 mm. In this case, the displacement occurs due to the
deformation of the wooden base on which the cylinder is fixed. However, the obtained results
allow us to assume that the use of the ARAMIS system is also possible to study the resistance
coefficients of thin-walled elements.

In general, we can conclude that the construction of the developed wind tunnel has a very
high stiffness to pressure drop. Which may be formed due to the operation of the wind tunnel.
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