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Abstract

Paper proposes a solution of overpressure device for individual transport,
the purpose of which is to accumulate the overpressure in a certain
geometric area, through the use of specially designed three-dimensional
structures. In order to verify the underlying assumptions of the idea, it was
decided to perform a simulation study of air flow stream within
the proposed unit. These studies were done in Star CD — Pro Star 3.2
software. Further studies were carried out on the actual real model.
The verification was performed to compare and identify the main
parameters of air flow through the three-dimensional structure.

1. INTRODUCTION

Nowadays, many urban agglomerations are trying to fight the problem
of limited possibilities of improving the population transport. Commonly known
transportation methods are based on ground movement, such as automobiles
or rail. However, the close location of buildings in the cities centers prevents
the further growth of this type of network connection (Gossling, 2016). There is
also the possibility of transferring the transport into the underground, but the
underground urban infrastructure of cities also has its limitations. More often,
the new idea is an attempt to transfer the individual urban transport in the realm
of air (Ambarwatia, Verhaeghe, Arem & Pel, 2017). This is facilitated by the
development of the individual air transport devices, as well as the possibility
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to use ever newer technologies and materials, particularly in the field of
electrical energy storage. The use of internal combustion engines to drive the
individual means of transport seems to be impossible because of the noise and
pollution that accompany their work. However, the use of the flying vehicle
equipped with a conventional propellers drive also has several disadvantages.
Standard propellers drives tend to be too loud. Therefore, there is need to design
a new type of propulsion system, based on the principle of jet systems or airbag
flying ship (Decker, Fleischer, Meyer-Soylu & Jens, 2013).

The main idea for the research contained in this work was the improvement
of the air propulsion system, precisely, to create a new compressed air system
which would replace engines used in flying vehicles. In this order, research
simulations of air flow in a simulation model, in the STAR CD — Pro Star 3.2
software has been carried out. Additionally a geometric model in a Catia V5
virtual environment has been made (Wetyczko, 2005). A final stage of work was
the implementation of real model and the verification of the simulation results
(Magryta, 2009).

2. SIMULATION
2.1. Simulation introduction

The main aspect of the design and purpose of the presented device was to
obtain very high pressures and mass flows values of air stream. The initial
objectives of the project focused on the idea of creating a model in which it
would be possible to perform simulation studies, and subsequent execution
on real model and check the pressures and flows values in real conditions.

The simulations were mainly based on the phenomenon of air flow contact
to the one of the model walls, allowing for the further stabilization of the flow
conditions, what gives a high values of pressure and mass flows, which was
a primary design goal (Nedeff, Bejenariu, Lazar & Agop, 2013; Smirnova
and Zvyaguin, 2011). Such a solution seemed to be very accurate idea, which
created the possibility of obtaining high operating parameters, at the expense
of very low power consumption (Magryta, 2009).

2.2. Boundary conditions

Simulations were made in the STAR CD — Pro Star 3.2 software, which allows
for three-dimensional simulation of fluid flow (CFD). By using this application,
it was possible to registry the changes in pressure and velocity versus simulation
time, and the mass flows in some selected points of the simulation model
(Report 1/02/2006, 2006).



For the calculation carried out in the STAR — CD, it is necessary to create
a suitable model with the appropriate computing grid. The adopted computing
grid has a number of computing cells approx. 3500. It should be noted, that at
the nozzle inlet, the grid was heavily concentrated, to enable accurate recording
of pressure, velocity and mass flows values. View of computational grid is
shown in figure 1. The blue lines (walls) are marked additionally, they limited
the flow of air outside of the simulation model. In fact, in the place of these
lines, in the STAR — CD, a boundary conditions restricting the air flows were
added. While the orange arrow indicates the direction of the compressed air inlet
to the simulation model (Magryta, 2009).

The main objective adopted in the design of the device, was to restrict the air
flow through the sides and top of the model, what caused the accumulation of over-
pressure in the upper zone and the separation of its lower pressure zone by
incoming air stream. It would cause overpressure, which reacts to the upper wall,
what would be used as a thrust in the propulsion system (Hu, Lin, Fu & Wang,
2017; Juraeva, Ryu, Jeongc & Song, 2016; Moureh & Yataghene, 2016).
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Fig. 1. Computing grid
2.3. Simulation results

The simulation was performed under the steady state conditions. The pressure
in the inlet nozzle was linearly increased from zero to a predetermined value
(0.25 and 0.5 bar). In both cases the vector map of the pressure and velocity
were recorded, at the time from the start of the simulation to 0.08 sec. This time
is due to the fact that after 0.08 seconds, the flow stabilizes and further
simulations would be useless. As mentioned earlier, tests were conducted



for two different values of inlet pressure, however, because of the results size,
it was decided to present the distribution of vector map of pressure and velocity
flows only at the conditions of 0.5 bar pressure, as is shown in figures 2-9.
(Magryta, 2009).
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Fig. 2. Vector map of pressure, pressure 0.5 bar, time 0.001-0.009 sec.
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Fig. 3. Vector map of pressure, pressure 0.5 bar, time 0.019-0.029 sec.
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Fig. 4. Vector map of pressure, pressure 0.5 bar, time 0.031-0.049 sec.
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Fig. 5. Vector map of pressure, pressure 0.5 bar, time 0.059-0.069 sec.
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Fig. 6. Vector map of velocity flow, pressure 0.5 bar, time 0.001-0.009 sec.
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Fig. 7. Vector map of velocity flow, pressure 0.5 bar, time 0.019-0.029 sec.
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Fig. 8. Vector map of velocity flow, pressure 0.5 bar, time 0.031-0.049 sec.
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Fig. 9. Vector map of velocity flow, pressure 0.5 bar, time 0.059-0.069 sec.

During the simulation, the pressure, velocity and mass flows in the respective
measuring points of the simulation model were recorded.
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The pressure at the inlet nozzle and at the measuring point on the top of the de-
vice were recorded (Magryta, 2009). Figure 10 shows the characteristic of the pre-
ssure at the inlet nozzle and at the top side of the model.
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Fig. 10. Characteristic of the pressure at the measuring points
during the simulation, in the case of supply of 0.5 bar pressure

All presented results of simulation conducted in the STAR — CD Pro-star 3.2
show clearly, that it is possible to obtain high values of pressure at the top part
of the device. The whole concept of creating this kind of the model proved to be
correct. After stabilization of conditions, the air flow adopted a laminar flow
stream and the phenomenon of contacting airflow to one of the walls occurs.
Such a shape of the stream and a large flow rate are blocking the possibility
of air leakage beyond the closed top part of the model. All these phenomena mean
that at the upper wall of the model a large pressure value is distributed uniformly
over the length of the top wall. As can be seen from the distribution of the vector
field of the pressure, it is possible to obtain a pressure of approx. 40,000 Pa,
with the inlet pressure of 0.5 bar. The top wall of device has internal dimensions
of 50 x 10 mm, so its surface is 500 mm?2. It can be said that such a small airbag
is able to lift the approx. 2 kg of mass. Since the results of simulation confirm
previously established hypotheses concerning the behavior of the air stream,
the author began to create a real model, as shown in the following chapters
of the work (Magryta, 2009).
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3. EXPERIMENTAL RESEARCH
3.1. CAD model

In order to optimize the real model construction, it was decided to use a Catia v5.
The main assumptions of the real model are:

— ability to test multiple geometrical settings,

— simplicity of the design,

— easiness of the real model assembly,

— possibility of setting multiple dimensions of the height of the inlet nozzle,

— short time of real model production,

— complete seal of real model,

— ability to measure pressure in many points,

— ability to measure the weight of the entire device during testing (Camba,

Contero & Company, 2016; Zhu, Li & Martin, 2016).

View of the final geometric model in the Catia v5 software is shown in figure 11.

Fig. 11. View of the model without the front cover
3.2. Real Model

Most of the requirements and assumptions about the real model has been already
fulfilled during the virtual design. According to calculations made in the Catia v5,
the total mass of the model (assuming it will be made of steel) would be 6 kg.
In order to reduce this value, front and back cover were made of aluminum sheet
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2017 PAG, with a thickness of 5 mm. This value of the thickness has allowed
to avoid the deformation of the whole cavers, especially during the assembly
of the model (Przybylski & Deja, 2007). The total mass of the real model was
reduced to a value of 2.8 kg (Magryta, 2009).

Fig. 12. Finished model in one of the actual geometric settings,
excluding the front cover

3.3. Research test bench

Schematic diagram of the test bench is shown in figure 13.
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Fig. 13. Schematic diagram of test bench: 1 — air compressor, 2 — pressure line,
3 —joint, 4 — pressure regulator, 5 — solenoid valve, 6 — pressure support,
7 — power supply, 8 — powerline, 9 — pressure sensor, 10 — measurer,
11 — device, 12 —scale
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Research carried out on the real model were based on certain assumptions
resulting from the construction of the test bench, as well as the limitations of the
hardware devices used during the tests. As is apparent from the simulation
model, large pressure values at the measurement points, should be obtained even
at the inlet pressure of 0.25 and 0.5 bar. In fact, after completely sealing of real
model and the initiation of compressed air supply with such a values of pressure,
it was impossible to obtain comparable results to the simulation model.
However, if pressure at the inlet was higher, the values of obtain overpressure
was bigger. Therefore the same pressure at the inlet nozzle of 2.2 bar was
established, for all studies. Measurements were made at five different values of
the height of the inlet nozzle (0.3, 0.6, 0.9, 1.2, 1.95 mm) and the position of
pressure measuring point correspond to the position selected during simulation
tests (Magryta, 2009).

3.4. Experimental research results

The only value that we can compare between the simulation study and real
research is the actual pressure value at the measurement point on the upper side
of the model. Compared to the simulation test, a weight values were read out
from the scale, that has been added to the real model tests. In order to fully
reflect the capabilities of the real model, a total of 180 measurements at five
different positions of the inlet nozzle were made.

For comparison, the relationship between registered overpressure at the mea-
suring point and the width and height of the chamber in which the pressure was
accumulated, at two heights of the nozzle 0.3 mm (Figure 14) and 0.6 mm has
been presented (Figure 15).

Overpressure [kPa]

Width [mm]

Height [mm]

Fig. 14. Three-dimensional graph showing the variation of the level of overpressure
at different geometric setup for the inlet nozzle 0.3 mm (own study)
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Fig. 15. Three-dimensional graph showing the variation of the level of overpressure
at different geometric setup for the inlet nozzle 0.6 mm

A next measured value was so-called lift force, this value was recorded
on a laboratory scale placed under the real model. The results of these measure-
ments, analogical to results of pressure measurements, are shown in figures 16
(for the inlet nozzle 0.3 mm) and 17 (for the inlet nozzle 0.6 mm). Values read
from the scale, are appropriately reduced by the mass of the real model, what
gives the value of the actual lift force (Magryta, 2009).

Mass [kg]
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6
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Fig. 16. Three-dimensional graph showing the variation of the level of lift force
at different geometric setup for the inlet nozzle 0.3 mm
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Fig. 17. Three-dimensional graph showing the variation of the level of lift force
at different geometric setup for the inlet nozzle 0.6 mm

4. CONCLUSIONS

As follows from the conducted studies, it was failed to reproduce the full flow
conditions conducted in simulation tests on a real object. Although the STAR — CD
software takes into account all kinds of phenomena of local flow disturbances,
changes in temperature, mixing, etc., all kinds of dimensions and boundary
conditions given in this application are treated by the computer system in an
ideal manner (Nazarewicz, Szlachetka & Wendeker, 2006). For example, setting
of the wall, assumption that all connections are 100% tightness and all applied
dimensions of the model are perfect and not subjected to any deviation. What is true,
that in the real model it was able to fully seal the device, but the behavior
of ideal dimensions of all geometric elements, such as walls, nozzle or covers:
the front and rear, was very difficult. The maximum deviation resulting from the
imperfections of the implementation of the real model could be 1 mm, but such
a value in the point of inlet nozzle could cause some distortion of the air flow.
According to the author, this was the main cause of such low pressures values
at the measurement point.

In summary, the work provide accurate simulations of flow of compressed air
through a simulation model in the STAR — CD software, creation of a structural
model in the Catia v5 software, creation of a real model and tests on real model.
And these are the main conclusions and suggestions for further research on this
model:

— simulations carried out in the STAR — CD Pro Star 3.2 shows a very high

potential in model in terms of obtaining high pressures and mass flows,
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— Catia v5 software makes very easy to optimize the design of real model
what is stated in Skarka & Mazurek (2005),

— despite the execution of possible high accuracy of real model, it was failed
to reproduce the perfect geometry settings of walls and inlet nozzle,

— it was possible to fully seal the real model, by using the rubber seals
of a thickness of 1 mm and 2 mm,

— results obtained from the real test differs from the values obtained in the
simulation tests, what is a result of inaccuracy of real model, which
obviously affects the course of the air flows,

— for further implementation of the model, it is proposed to make dozens
of sets of geometry settings of device, and several inlet nozzles, with the use
of the CNC processing machine, which would increase the accuracy of,
real model (Magryta, 2009).

The maximum pressure values obtained for certain conditions was 2 kPa.
This value is too low to exploit the apparatus as flying vehicle. However,
both the model simulation and actual real tests, show a linear relationship with
the value received between the overpressure and boundary conditions which
have been presented in the work.

This work was funded by the Polish Ministry of Science and Higher Education.
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