
6. ábra: (a) kritikus dimenziótlan fogásmélység és (b)
dimenziótlan frekvencia optimális, illetve alá- és

föléhangolt esetekben.

𝑔𝑔 ∶= 𝜔𝜔
𝜔𝜔2

,  ℎ22(𝑔𝑔) ∶= 𝑘𝑘2 𝐻𝐻22(𝑔𝑔) (17)

a stabilitást leíró dimenziótlan fogásmélységet és 
dimenziótlan szögsebességet az alábbi alakban 
definiáljuk

𝜎𝜎(𝑔𝑔) ∶= 𝑍𝑍𝐾𝐾ct𝛽𝛽0
𝑘𝑘2

𝑎𝑎(𝜔𝜔2𝑔𝑔) = − 𝜋𝜋
Re ℎ22(𝑔𝑔) , (18a)

𝜈𝜈𝑗𝑗(𝑔𝑔) ∶= 𝑍𝑍
𝜔𝜔2

Ω𝑗𝑗(𝜔𝜔2𝑔𝑔). (18b)

A hangolási eredményeket a 6. ábra szemlélteti. 
Látható, hogy a kissé alá- és föléhangolt esethez képest 
az optimális hangoláskor a stabilitási lobe görbék 
minimuma (kritikus forgácsmélység) jóval nagyobb 
értékeket vesz fel. Ezen felül a vizsgált paraméter 
tartományon a stabil zóna területe is nagyobb, mint a 
másik két esetben. Tehát a marási megmunkálás
jelentősen stabilabb a két másik esethez képest.

6. ÖSSZEFOGLALÁS

A hangolható asztal optimális hangolásának kísérleti 
validációja volt ennek a tanulmánynak a célja. Ehhez 
szükséges volt egy az asztallal kompatibilis munkadarab 
tervezése. A 3D nyomtatott, polimer munkadarab
modális paramétereinek mérését ütési tesztekkel 
végeztük el. Ez az első hajlító módus sajátfrevenciájára 
kisebb értéket adott a tervezettnél, ami várható a 
tökéletlen peremfeltételek miatt.

Az asztal optimális frekvenciáját és csillapítási 
tényezőjét általános harmonikus gerjesztésre 
meghatároztuk, amit validációs mérésekkel is 
meghatároztunk. A hangolási kísérlet sikerességét 
mutatja, hogy a receptancia függvény csúcsait jelentős 
mértékben lehetséges csökkenteni a sima befogott 
esethez képest, a megfelelő hangolás megvalósításakor.

Végül az optimális hangolási paramétereket 
meghatároztuk marási megmunkálás esetére is, amihez 
a munkadarab végpontjában érvényes direkt receptancia 
függvény minimalizálása szükséges. Az így kapott 
stabilitási diagramot összehasonlítottuk kissé alá- és 
föléhangolt esetekkel is, amely esetekben mind a stabil 
tartomány nagyságában, mind a kritikus 
forgácsmélységben jelentős csökkenést tapasztaltunk.

7. SUMMARY

The experimental validation of the optimal tuning of 
the tuneable clamping table was the aim of this study. A 
compatible polymer workpiece was designed and the 
modal parameters verified with impact tests. This 
showed a slight decrease in the natural frequency of the 
first bending mode, which was expected due to 
imperfect boundary conditions.

The optimal frequency and damping parameters for a 
general harmonic forcing were calculated and the 
verifying measurements showed good correspondence 
with the theoretically obtained parameters and the peaks 
of the receptance function was greatly reduced 
compared to the fixed-end case.

Lastly, the optimal tuning parameters were obtained 
for a milling process, where the direct receptance 
function at the endpoint of the workpiece has to be 
minimized. The corresponding stability diagram was 
compared to slightly under- and overtuned cases, where 
both the stable region and critical depth of cut decreased 
significantly.
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ABSTRACT 

The primary objective of the research is to test a build-
ing model in a wind tunnel. Given the potential for tech-
nological development, different building models will be 
tested using simulation, but real measurements are also 
required. The priority is to be able to provide architects 
with adequate baseline data and to verify the environ-
mental impact of different buildings. This paper presents 
the construction of a building model for the study, the 
measurement setup in an experimental wind tunnel and 
the evaluation of the results. The paper presents the eval-
uation of the results and the experiments carried out on 
the basis of different test cases. The results in turn pro-
vide an opportunity for further improvement and adapta-
tion of the building for a more cost-effective operation. 

1. INTRODUCTION 

As early as the 18th century, experiments were being 
carried out to model wind-driven currents, the main tool 
being the so-called vortex arm. Until the 19th century, 
this method was used to obtain aerodynamic information, 
but its application continued to reveal flaws and short-
comings. In the case of high turbulence, the measurement 
results did not reflect reality and something better was 
needed. This was the advent of wind tunnel modelling. 
The first wind tunnel was built by the English engineer 
Francis Herbert Wenham in 1871. Osborne Reynolds was 
the first to demonstrate at the University of Manchester 
that measurements on small samples could be extrapo-
lated to large installations. The foundations of the current 
measurement technique were developed in Göttingen, 
Germany, in the 1930s. This, and experiments carried out 
at the same time, were performed in low turbulence and 
without boundary layers. Later, in order to be able to 
model atmospheric turbulence properly, it led to the de-
sign of so-called Atmospheric Boundary Layer Wind 
Tunnels. The first of these was recorded in the 1950s. In 
these wind tunnels, already relatively long working 
spaces have been developed. Since the 1960s, wind load 
experiments have been carried out in these facilities or 
installations. Wind tunnels built during this period are 
still in use today. The development of computer technol-
ogy has also brought progress in this field, because it has 
made it possible to handle large amounts of data. Modern 
wind tunnel studies for wind loads on buildings use the 
method of static analysis for measurement to determine 
the design loads. 

Thanks to the wind tunnel, the model placed in the 
flowing air needs to be tested for various physical prop-
erties, which can be determined by measurement. These 
can be velocity components of the flowing air, absolute 
and relative pressure, temperature, forces, gas concentra-
tion, etc. 

In today's practice, the testing of buildings in wind tun-
nels is also of great importance, because, using the results 
of these tests, the cost of the building can be significantly 
reduced and the various loads on the building can be cal-
culated, thus preventing possible disasters [1-7]. 

An important pillar of testing is to ensure that the right 
external conditions are in place during the tests to ensure 
that the results are correct. Wind speeds are zero imme-
diately along the ground, increasing intensively at first 
and then moderately as it moves upwards. Records of in-
strumental measurements show that the wind speed and 
direction are not constant in most cases, but constantly 
changing. Forests, contiguous building complexes and 
other obstructions can severely slow down the flow of air. 
Therefore, in the lower layers in front of obstacles, the 
velocity is strongly reduced. This reduction in velocity is 
noticeable at a considerable distance in front of the ob-
stacle. Above the barrier, the velocity increases rapidly. 
Behind the barrier it is also small and only regains its 
original magnitude at a considerable distance from the 
barrier. 

So, it is not only the wind that affects the buildings, but 
of course the buildings also affect the wind. Behind the 
building, the flow direction behind the building is called 
a trail with a steadily increasing cross-sectional area, 
where the flow velocity is lower than in front of the build-
ing, the turbulence is higher and detachment bubbles are 
generated in this area, which are responsible for the back-
flow. 

Turbulent flow is a range of flow where the physical 
characteristics of the flowing medium (e.g. pressure, ve-
locity) change rapidly in a chaotic manner. Its opposite is 
laminar flow. 

The impact on buildings is manifested by overpressure 
on the windward side and pressure drop on the leeward 
side, and boundary layer separation on the windward side 
and roof edges. If this boundary layer separation has a 
significant effect on the flow, we speak of a blunt body. 
The majority of buildings behave as a blunt body. A body 
can be either blunt or streamlined, which can be influ-
enced by the direction of blowing. In streamlined bodies, 
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there is very little or no perceptible boundary layer sepa-
ration, or in a perfectly streamlined body, no boundary 
layer separation at all. At the building face, the wind is 
braked and its kinetic energy is converted into pressure 
energy. The windward side pressure drop can be inter-
preted as a positive pressure and the windward side pres-
sure drop as a negative pressure relative to the absolute 
pressure [7]. 

2. BUILDING MODEL 

In general, the model describes the operation of some 
structure. It does not have to be reduced or even enlarged, 
nor does it have to be a faithful copy of the original. 

A model can be made of several different materials. 
This can be wood, cardboard, plexiglass, plastic or paper. 
So, our first task is to make a model of the building we 
have chosen, which is the University of Miskolc's Uni 
sports hall (Figure 1.). After choosing the building, we 
had to decide what material to use and what scale to use 
for the building model. 

The model material: wood, plywood, scale of the 
model: λg = LWT/LFS =0.01, where the index WT is the 
model size and FS is the original size of the building. 
When building a model to scale, the choice of scale 
should take into account that the strength of the wind on 
a model is greatly influenced by the size of the model it-
self. The ratio of the surface of a plane perpendicular to 
the air flow in the measurement space to the surface of 
the same plane of your model should not be greater than 
a certain ratio. This effect is referred to simply as the 
"blockage effect" [2]. 

To avoid this error, the following ratio should be ob-
served: Am/Amt ≤0.1, where: Am: surface of the model per-
pendicular to the flow; Amt: surface of the measuring field 
perpendicular to the flow. In our case, the value of this 
quotient is, roughly: 0.0625/(1.2x0.8)=0.065 < 0.1, so the 
size of the model will not have a negative influence on 
the test. 

In order to make the mock-up accurately, we needed a 
blueprint of the building, which was provided to us, so 
we could start working with the exact dimensions. 
 

 
Figure 1. University sports hall [own picture]. 

 
The finished model is shown in the figure below (Figure 
2.). Its total height is 15.3 cm and its base is a regular 24-
angles with a radius of 49.33 cm. The side walls of the 
building are perpendicular to the ground up to a height of 
3.7 cm, and then continue at a 70° angle of inclination up 
to a height of 12.5 cm. The roof of the building is not 
completely horizontal either, as seen from the side walls 
it first has a gently sloping design which continues in a 
horizontal section, then in the middle of the roof of the 
building rises a cylinder 13.5 cm in diameter, 4.8 cm 
high, the engine house, which gives a total height of 
15.3 cm. On the side of the building, at each of its 24 an-
gles, there is a column connected to the side walls of the 
building with a 70° inclination, and 10 lamellas are 
placed between the columns. The only major difference 

between the model and the original building is the thick-
ness of the slats, because they are so thin in real life that 
scaling them down to 1:100 would have been impractical. 
There is a small hill near the building under study, as well 
as the tall building E/7, which affects the wind flow when 
the wind direction is such that it blows from it, but we 
will not be able to include this in the wind tunnel study 
because the measuring space is not large enough for it, 
and so we would have to scale down the building, which 
would make the model very difficult to build. For these 
particular tall buildings, like the E/7 building We men-
tioned, the effect on the flow depends on the height. If the 
distance between the two buildings is five times the 
height of the building in the path of the wind, or less, then 
the building is in the wind shadow. If the distance 
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between the two buildings and the height of the building 
is twelve times or less, then the windward side of the sec-
ond building may be subject to both positive and negative 
pressures. If the distance between the buildings is greater 
than this, there is no effect on the flow around the second 
building [7]. 
 

 

 
Figure 2. The completed building model [own pictures] 

 
A wind tunnel test is often performed twice, once when 
the various surface constraints are taken into account, and 
often performed afterwards without the surface con-
straints, without any obstructions, just placing the build-
ing under test in the wind tunnel itself. 
Basic conditions for the applicability of wind tunnel 
models: 

- Identity of main dimensionless constants be-
tween model and reality, such as Jensen, Reyn-
olds, Strouhal number, 

- undistorted geometry, 
- similar surface boundary conditions, 
- similar flow theory approach, 
- assessment and consideration of the building's 

boundary environment. 
The models may be tested for: 

- the air forces acting on the body in the flow 
(buoyancy, drag or momentum of the air forces), 

- pressure distribution around the body in the 
flow, 

- study of the boundary layer behaviour, 

- the shape of the flow lines, 
- study of air flow induced vibration and noise, 
- heat transfer in a flowing body. 

3. MEASUREMENT TASK 

To carry out the necessary tests on the model I have built, 
I will need a wind tunnel to provide us with steady-state 
flow. A wind tunnel, as the name suggests, is a closed 
channel in which air at a given velocity is produced by a 
fan or other artificial propulsion system. The main part of 
the wind tunnel is the working section, where a scale rep-
lica of the real building is exposed to the airflow we set 
[1-7]. 
The biggest advantage of a return-flow wind tunnel is its 
economy, as the fan does not have to accelerate the still 
air, but only make up for losses. It is constructed from the 
same components as the two types of ducts described ear-
lier. Furthermore, since the flow field is closed, the meas-
urement is not affected by the external environment and 
the operation of the wind tunnel does not affect the envi-
ronment. However, one major disadvantage of its enclo-
sure is the need for baffles, as the air has to be deflected 
by 90° to four points in the turning chambers. 
 

 
Figure 3. Experimental wind tunnel [own pictures] 

 
Figure 3 shows the wind tunnel used for the tests, 

which is shown as a Göttingen type closed wind tunnel. 
The axial fan is located in the lower part of the wind tun-
nel, which can produce a maximum wind speed of 
72 km/h in the measurement section located in the upper 
part of the wind tunnel. 

A 90 cm diameter circular section of the wind tunnel 
can be used to accommodate the measuring field without 
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preted as a positive pressure and the windward side pres-
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have chosen, which is the University of Miskolc's Uni 
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for the building model. 

The model material: wood, plywood, scale of the 
model: λg = LWT/LFS =0.01, where the index WT is the 
model size and FS is the original size of the building. 
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the air flow in the measurement space to the surface of 
the same plane of your model should not be greater than 
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The finished model is shown in the figure below (Figure 
2.). Its total height is 15.3 cm and its base is a regular 24-
angles with a radius of 49.33 cm. The side walls of the 
building are perpendicular to the ground up to a height of 
3.7 cm, and then continue at a 70° angle of inclination up 
to a height of 12.5 cm. The roof of the building is not 
completely horizontal either, as seen from the side walls 
it first has a gently sloping design which continues in a 
horizontal section, then in the middle of the roof of the 
building rises a cylinder 13.5 cm in diameter, 4.8 cm 
high, the engine house, which gives a total height of 
15.3 cm. On the side of the building, at each of its 24 an-
gles, there is a column connected to the side walls of the 
building with a 70° inclination, and 10 lamellas are 
placed between the columns. The only major difference 

between the model and the original building is the thick-
ness of the slats, because they are so thin in real life that 
scaling them down to 1:100 would have been impractical. 
There is a small hill near the building under study, as well 
as the tall building E/7, which affects the wind flow when 
the wind direction is such that it blows from it, but we 
will not be able to include this in the wind tunnel study 
because the measuring space is not large enough for it, 
and so we would have to scale down the building, which 
would make the model very difficult to build. For these 
particular tall buildings, like the E/7 building We men-
tioned, the effect on the flow depends on the height. If the 
distance between the two buildings is five times the 
height of the building in the path of the wind, or less, then 
the building is in the wind shadow. If the distance 
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modifying the wind tunnel. It is also circular in order to 
easily rotate the test body when testing it at different wind 
directions, but since the model I made is cylindrically 
symmetric, this will not be necessary in my case, instead, 
we will take the measurement with a different wind an-
gle. When tilting the building model, care should be 
taken that the tilt is not too large, as this would affect the 
flow in the wind tunnel in such a way that it could affect 
the measurement, thinking of the "blockage effect" dis-
cussed earlier, which could be too large in the case of a 
possible larger angle tilt (maximum 10°). 

4. RESULTS 

Pressure measurements were taken in two cases, one 
perpendicular to the building and the other at an angle of 
10° to the parallel flow. Furthermore, the measurement 
was carried out at a wind speed of 20 km/h in both cases 
(examined on the basis of meteorological data for the 
area - Hungarian Meteorological Service Nonprofit Ltd.). 

To perform the measurement, we designed the meas-
urement on the available 64 channel pressure measure-
ment system - Single Scanivalve System (SSS-64C) 
MK4 - 64 channel pressure measurement system (max. 
3.45 bar, measurement accuracy 0.1%). We measured 
uniformly on 3 levels on the building model, level 1 (2 
cm), level 2 (6.5 cm), level 3 (9 cm) was measured in 
relation to the theoretical ground surface. This allowed us 
to measure all 3 levels simultaneously with the 64-chan-
nel pressure measurement system. At each pressure 
measurement point, measurements were taken for 10-12 
seconds, during which time roughly 300-350 measure-
ments were obtained and averaged and entered into the 
data system. The measurement results were then plotted 
in polar coordinate system in the figures below (Figure 
4). Each side is assigned a direction angle, and the dis-
tance from a marked point on the plane represents the 
pressure value, in our case. 

The pressure distribution plots clearly show the effect 
of wind direction and the lower pressure values at points 
closer to the ground. These data allow to design different 
modifications of the building. 

 

 

 
Figure 4. Pressure distributions. 

5. SUMMARY 

The pressures on the walls of the building model have 
been measured in different cases, and the results show 
that the angle at which the wind hits the building affects 
the measured values, if not significantly, but that this 
should be taken into account in any structural analysis of 
the building, which will cover wind loads.  Finally, the 
measured values were plotted using the MATLAB® pro-
gram, using a polar coordinate system, in order to make 
the measurement results more transparent and to illus-
trate the difference between the two cases with transpar-
ent plots. Based on the results, it can be said that the in-
vestigated building has sufficient stability (typically due 
to the building design) even considering the typical wind 
loads. 
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