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Experimental study of the velocity field characteristics
of jet flow in the work zone of small aerodynamic tunnel

Martin Ivanov, Detelin Markov

ExcnepumeHmanHo uscriedeaHe Ha XapaKmepucmuKkume Ha CKOPOCMHO rosie Ha cmpyiiHO
meyeHue 8 pabomHUsi y4acmbK Ha ManbK aepoduHamuyeH myHen: [IpedcmaseHama nybrnukayus
pasanexda yacm om pesynmamume Ha nposedeHo eKcriepuMeHmarHo udcriedeaHe Ha xapakmepucmuKu-
me Ha cmpyliHO meyeHue 8 pabomHa 30Ha Ha aepoduHamuyHusi myHen (AAT) Ha TexHu4Yecku yHusepcu-
mem Cocpus. Mo ceossma cvwHocm, AT npedcmasnsieam CrIOXHU €KCIepUMEeHMasiHU CbOPBbXEHUs, Ha-
Mupawu WUpoKo NpunoxeHue kamo cpedcmea 3a oxapakmepusupaHe Ha KOMIIeKCHU aepoOuHaMuyHU
sAeneHusi. C msixHa MmomMow; cmasam 6b3MOXHU MPeyusHU u3cnedsaHusi Ha rnapamMempume Ha MmeyeHus,
KaKkmo U Ha maxXHoOmo erusiHue 8bpxy obmeyHume obekmu. B npedcmaseHomo npoyyeaHe e u3cried8aHo
eKcriepuMeHmarnHo pasnpedenieHuemo Ha CKopocmHOmo rosie Ha 8xo0a Ha pabomHUs y4acmbK, U e Harl-
paseH aHanus Ha KoHcmamupaHusi nad Ha ckopocmma HabnodasaH rpu pasnuyHume u3crnedsaHu pexu-
mu. Pesynmamume om nposedeHomo uscredsaHe oOxapakmepu3upam adekeamHO napamempume Ha
cmpyliHomo meyeHue 8 pabomHama obracm u 0asam e8axHa UHghopmayusi OMHOCHO XOMO2eHHoCcmma Ha
rnos1emo Ha ckopocmma 8 pabomHa obniacm Ha CbOPbXeHUemo.
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INTRODUCTION

Aerodynamic Tunnels (ADT, or also Wind Tunnels) can be defined as complex tools,
used most often in the applied aerodynamics, to study the effect of air movement over sol-
id immersed objects. The small wind tunnels are mainly composed of closed tubular chan-
nel where, somewhere in the middle it is mounted a studied object, to which air is supplied
by a powerful fan. Some ADT have systems for injection of smoke or other trace sub-
stances, with which the flow streamlines around the object, can be visualized. Depending
on the velocity of the generated airflow, the ADT essentially are classified as: supersonic,
ultrasonic, high-speed and low-speed wind tunnels. ADTs can also be classified by their
application, for example: aviation ADT, automotive ADT, etc.

Nowadays, the following small ADTs exist in Bulgaria: “Tunnel UT-1", situated in aer-
odynamic facility “ULAK-1" at TU-Sofia - Branch Plovdiv; Wind Tunnel "MINIAT", situated
in the Institute of Hydroaerodynamics in Varna; Subsonic wind tunnel of aerodynamic la-
boratory at NVU "V. Levski "; Wind tunnel of the University of Rousse "Angel Kunchev";
and the Aerodynamic Tunnel at Technical University — Sofia.

AERODYNAMIC TUNNEL OF TECHNICAL UNIVERSITY — SOFIA

The ADT at TU — Sofia Itself, is from the closed type and it is with open working area.
The overall dimensions of the tunnel are approximately 6.5 m long and 3.5 m wide. The
work area, where the test object is situated, has the size: 1.5 m long and 0.85 m wide. The
airflow is created by axial fan which is driven by an AC electric motor with adjustable rpm,
"MEZ KB 92-6", mounted in 1968. The electric motor is powered by transformer "MEZ, BB
66-2". The speed of the motor shaft can be varied smoothly from 300 min™ (output 13.6
kW) to 1550 min™' (output 71.2 kW). The cross section of the jet is approximately rectangu-
lar with a height of 0.5 m and width 0.75 m. The length of the work area is 1.5 m. The air-
flow velocity in the work zone may be smoothly changed (via remote control of the speed
of the motor) in the range between 6 m/s to 60 m/s.

Up to date, the ADT of the Technical University — Sofia is situated in "Hydroaerody-
namics and Hydraulic Machines" department at the Faculty of Power Engineering and
Power Machines. It is used as a demonstration tool during the laboratory classes on the
"Basic Fluid Mechanics" course. The overall condition can be defined as good, although
the neglected appearance, both on the device itself and the room in which it is located. In
the past years it has been lost all construction drawings of this ADT. It is missing any other
information about the distribution of the main flow parameters at the jet outlet in the work-
ing zone, as well as any facts for the performance of this device as a whole. This clearly
shows the demand for preparation of usage, support and maintenance documentation (a
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database) including modern accurate three-dimensional description of the ADT at TU-
Sofia. In addition to this information about flow pattern in the work zone is required, which
could be obtained only experimentally. All this will help any future preparation of funda-
mental and applied researches, which might be carried out on this ADT.

Figure 1. Aerodynamic Tunnel at Technical University - Sofia

AIM OF THE PRESENTED STUDY

The aim of the presented study is to investigate experimentally the operating pa-
rameters of the ADT at TU-Sofia and to create an accurate graphical description of the fa-
cility. To achieve this objective, the following tasks are defined:

1. Descriptive characterization of the current situation of ADT at TU-Sofia and accu-
rate measurement of the geometrical dimensions of the device;

2. Development of three-dimensional graphical model of ADT at TU Sofia, using a
commercial software package;

3. Experimental study of the velocity field in the work zone of ADT at TU Sofia, under
different regimes;

4. Analysis of the results and development of practical engineering characteristics for
various test modes;

5. Development of a flexible and easily accessible database with the achieved results
from the performance of the above tasks.

The presented paper focuses on the results achieved from task 3.

METHODS OF THE PRESENTED STUDY

The main method, used to perform task 3, is the physical measurement of the key
parameters of the airflow in the ADT work zone. Characterization is performed by measur-
ing in real-time operation of total and static pressure at different points from the airflow.
Parallel with the pressure, it is measured also the temperature and the atmospheric pres-
sure. These parameters are sufficient enough to determine the flow velocity at a given
point.
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The measurements are performed in 176 points from the work zone, in one and the
same plane, for one and the same flow velocity, namely 30 m/s.

After measuring the velocity distribution, additional measurements are performed, in
order to establish whether this tunnel maintains an even distribution of the flow velocity
during its operation. In that case, three flat objects are positioned in the work zone center
one by one, and again the velocity distribution is measured in the same points and for the
same flow velocity. The three flat objects have rectangular form and are occupying (shad-
ing) 40, 60 and 80% from the working area of the ADT. They are made of gypsum board
and have the following dimensions: Object 1 (,Tsa70 1”) — 350 x 195 mm, Object 2 (, Tsino
2") — 440 x 230 mm and Object 3 (, Ts10 3”) — 500 x 265 mm.

The objects are mounted on the suction grille, and as mentioned above, the meas-
urements are repeated at the same flow velocity at which it is characterized the free
stream. After conducting all experimental regimes, a comparison of the results from the
different modes is made. This analysis is of great interest for the engineering practice and
has direct engineering application for this particular ADT.

RESULTS

The experimental data show relatively high degree of homogeneity in the velocity dis-
tribution in the work area as shown on Figure 2. The dotted white line represents the work
zone area (,Pabom+a 30Ha") and with the colored dots is shown the different objects with
the corresponding velocity fields.

The standard deviation in the achieved values at 30 m/s without placed body is 0.21
m/s. The minimum measured value is 3.54 m/s, and the maximum is 31.51 m/s. For the
case with Object 1, the standard deviation is 0.20 m/s, minimum measured value is 2.63
m/s, and the maximum is 25.50 m/s. With Object 2, the standard deviation is 0.16 m/s,
minimum measured value is 20.58 m/s, and the maximum is 2.67 m/s. And for the case
with Object 3 — the standard deviation at 30 m/s is 0.10 m/s, the minimum measured value
is 16.46 m/s, and the maximum is 2.31 m/s respectively.
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Figure 2. Velocity profiles with measured values for the different studied cases
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The relatively low values of the standard deviation give reason to assume that the ve-
locity field in all cases is homogeneous enough and could be represented by an average
value. This allows comparing the degree of shading in percentage with the velocity drop
also expressed in percentage for the different regimes. The maximum measured velocity
of 30 m/s represents 100% of the velocity in the developed flow. Relative to this value, it is
calculated the velocity drop in percentage for all other cases. The next step is to compare
these velocity rates to the shading percentage of the different objects in the working area
of the ADT. The 0% shading mode is considered the regime without a body placed in the
work area. This analysis is presented in Figure 3.

The X-axis of the graph in Figure 3 represents the degree of shading in percentage
and the ordinate - the resulting velocity drop also expressed in percentage. Red dots on
the graph correspond to the measured results from the different experiments, and the
trend line was built automatically by the functions of MS Excel.

The graph shows that when small objects that obscure 10-20% of the work zone are
immersed, the velocity drop AV is approximately 10%. In some cases, this value can be
considered as small enough to state that the study of the immersed object is most effec-
tive.
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Figure 3. Velocity drop at different shading percentage

The presented graph is considered to have important engineering application, espe-
cially in the design stage of applied research studies at ADT of TU - Sofia. However, it
should be mentioned that this dependence is only applicable to this particular ADT.

CONCLUSION

An experimental study of the velocity field in the work zone of the ADT in TU-Sofia is
performed for various operating modes. Measurement of the air flow velocity is made for
176 points from the ADT work zone. Velocity profiles are conducted and analysed.

The analyses of the results show relatively high degree of homogeneity of velocity
field for the different regimes.

A velocity drop in all investigated cases is observed. This velocity drop is analysed
practical engineering dependence is conducted, which is valid for this particular tunnel and
is important part from the device characteristics
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