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Abstract

In this paper, it was described the analysis and simulation process using the CFD
technique and the phenomena that shows up in the engineering aero-spatial practice,
directing the studies of simulation for the air flows around sailplane. The analysis and
aerodynamic simulations using Computational Fluid Dynamics techniques (CFD) are well
set as instruments in the development process of an aeronautical product. The simulation
techniques of fluid flow helps engineers to understand the physical phenomena that take
place in the product design since its prototype faze and in the same time allows for the
optimization of aeronautical products’ performance concerning certain design criteria.
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1. Introduction

The sailplane is a flying machine heavier than air,
unequipped with a thrust generating device and by
launching at a certain altitude shall fly in a continuous
descending pattern [14].

The simplest movement of the sailplane is the
uniform movement, that being glided flight in a
straight line with constant speed.

The sailplane’s flight is a flight with a permanent
height loss [16]. The main forces that act upon a
sailplane in flight are [10]: lift, drag and obviously
the gravitational force that acts downward (fig. 1).

Fig. 1: The forces acting upon a sailplane

The main parts are the following: the wing, the
fuselage, the stabilizers and the landing gear. The
loadings at which the components from the
sailplane’s structure are subjected at are [23]:

« tension or compression (the triggers, the control

cables, the wing skin);

« compression (the landing gear);

« bending (the wing spars);

« shearing force shows up in the moment the
sailplane passes through the separation surface
between an updraft and a downdraft;

o torsion - the wings during the flight are
subjected to tensions around the spar.

In order to fulfil all the requirements, in the
aeronautical manufacturing of sailplanes multiple
material categories are used: wood, aluminium, steel,
plastics, rubber and also composite materials: carbon
fiber, fibreglass, fibreglass reinforced plastic or
Kevlar [17].

Thanks to the technological development, the
modern sailplanes have maximum glide ratios (the
ratio between lift and drag) of over 60, which allows
for a high performance (flight over 1700 km distance
with average speeds of 150-200 km/h).

The airworthiness standards for flight acceptance,
operation and service represent the regulatory
documentation that asks for the exigencies and
restrictions in the construction of aircrafts as well as
the service limits to ensure the level of flight safety.
The regulations characteristic for sailplanes are: CS
22 and JAR 22, these are applied to sailplanes and
powered sailplanes on the categories utility and
aerobatics: sailplanes with a maximum weight of 750
kg; single engine and a maximum weight of 850 kg
and a maximum crew of two [6].

The study of sailplane aerodynamic in the
technical literature is split into several fundamental
research directions. One such is the development of
UAV (Unmanned Aerial Vehicle) type small scale
sailplanes or powered sailplanes used with different
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environmental
[15], climate
mapping and
pollution monitor

goals:
monitoring
photography,

monitoring, earth  work
monitoring,  aerial

topography  [22],
earthquakes, [5], reconstruct
building [13].

Another direction for research is the studies done
by certain aviation specialist groups, within university
research institutes, with the goal of developing new
sailplane  models having reduced weight and
increased aerodynamic performance. The
performances of these composite material sailplanes
are analyzed experimentally in aerodynamic tunnels
[4,8]. One modern research direction used by the
aviation engineers is represented by the CFD analysis
for sailplanes [7].

The objective of this paper is to make a
preliminary characterization in terms of aerodynamics
for a sailplane constructed from composite materials
using the CFD simulation. From the CFD analysis of
the sailplane results a first conclusion for the main
aerodynamic parameters and for the simulation of
flows around the sailplane.

2. Geometrical and aerodynamic aspects of
the sailplane

The sailplane used in this paper represents a
prototype and is part of the composite material

sailplanes, especially  fibreglass. The main
characteristics are described in table 1.
Table 1: Sailplane characteristics

Characteristic Value

Length 6,7m

Height 4.5m

Wingspan 142 m

Root chord 0,8m

Tip chord 0,35m

Airfoil NACA 63(3)-618

Empty weight: 315 kg

Max takeoff weight 510 kg

Never exceed speed 290 km/h

Maximum glide ratio: | 39:1

g limits: +6.5 -4 at 180 km/h

For the aerodynamic analysis of the wing airfoil
and drawing of the polar it shall be used JavaFoil
software [19]. The wing airfoil is NACA 63(3)-618

(fig. 2).

MACA G4 -ET10

Fig. 2: Airfoil NACA 63(3)-618 [1]
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The great range of aerodynamic airfoils and the
multitude of direct implications over the performance
of sailplanes that has the choice of the wing airfoil
type require high attention. The variation of the
aerodynamic coefficients (lift and drag coefficient)
assumes a deeper study because the end results
obtained are exceptionally important. For easily
figuring out that, it should be found a parameter to
which, giving more values, to be able to modify the
other parameters that influence the aerodynamic
coefficients. This is the angle of attack. If, for
example (keeping the speed constant) varies the angle
of attack for each value another distribution of
pressures is obtained over the wing. According to this
distribution is set the transition point where the
boundary layer laminar flow is transformed into
turbulent flow.

As the value of the aerodynamic coefficients
depends on the pressure distribution over the wing,
meaning that, altering the angle of attack, it can be
found a function that is wholesome [12]. With the
help of paired values o and Cl and a and Cd it is
being constructed a graphical representation in a
coordinate axis system in which on the abscissa axis
is considered the angle of attack and on the ordinate
axis the aerodynamic coefficient Cl (fig. 3).
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Fig. 3: Lift coefficient vs. drag coefficient [19]

Lift coefficient versus drag coefficient plot for the
NACA 65(3) — 618 aerofoil at various Reynolds
numbers between 200,000 and 1,000,000 and at
various angles of attack between -5 and 20 degrees is
described in fig. 4.
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Fig. 4: Lift coefficient vs. angle of attack [19]

For the correct aerodynamic analysis before
realizing the CFD simulation is necessary to know the
airfoil of the wing and the variation of the
aerodynamic coefficients for various angles of attack.
Within the domain of these angles of attack the
aerodynamic analysis of the studied sailplane can be
made.

3. CFD analysis

The multiple applications of the CFD techniques
are described considering the modeling of flows in
the aerospace domain [18]. There are also various
applications in other domains in which the CFD
technique is being used like: architecture, automotive,
process industry, civil engineering, semiconductor
industry, steel industry, turbo machinery [11]. The
process for performing a CFD technique is presented
below so as to provide a reference for understanding
the various conditions of a CFD simulation [21]. The
CDF process [9] includes the following steps (fig. 5):

- Model the geometry
g + Select model
A » Domain, shape and size

i Physics
* Heat transfer
| * Flow properties

Mesh (cartesian, body-fitted, cylindrical-polar)

» Automatic mesh
* Manual mesh

¢ Solve’
« Steady/Unsteady
| * lterations Steps

- CFD Outputs
murs, vectors, streamlines
| * Report
¢ Further Analysis
i-—erlfica ion and Validation

» Proccesing and Report
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Fig. 5: CFD analysis process

In this paper it shall be made a CFD analysis
using SolidWorks Flow 2013 software [2,3]. The
SolidWorks Flow Simulation software presents a
large range of physical models and various fluid flow
models, covering a wide range of applications: liquid
and gas flow with heat transfer; external and internal
fluid flows; laminar, turbulent, and transitional flows;
time-dependent  flow; subsonic, transonic, and
supersonic regimes [20].

After the design of the sailplane in SolidWorks
2013, this was framed into a parallelepiped fluid
domain created as function of the total wingspan of
the sailplane (L) considering the following
constraints: in front, in the upper side and underside
of the sailplane of 5L and in the back of it of 12L
according to fig. 5.

Fig. 6: Computational domain

Following the calculus algorithm and analysis
CFD for the sailplane were determined the main
aerodynamic parameters and their distribution. In the
case of the sailplane’s wing in motion it shall result
lift and drag.

For the sailplane wing in this paper having
asymmetric airfoil and the sailplane descending with
a 0 degree angle of attack lift is created. The air flow
lines over the wing of the sailplane shall compress
thus increasing its speed and also the static pressure
and diminish the dynamic pressure. As a result the
pressure over the wing is smaller than the pressure
under the wing. At the leading edge of the sailplane’s
wing where the air current is slowed the pressure
difference is positive.

In figure 7 is described the pressure distribution
over the entire sailplane, these falling between 99521
Pa and 104806 Pa.



Fig. 7: The pressure distribution over the sailplane

It can be observed that the highest pressure as
normal is in the areas: sailplane’s nose, leading edge
of the wings and horizontal stabilizers because in
these areas the sailplanes meet the air current (fig. 8).

Fig. 8: Side view of the pressure distributions over the
sailplane

Another important parameter determined is the
velocity, so in fig. 9 is represented the distribution of
the velocities along the sailplane. It can be noticed
that the maximum velocity is 0.23 Mach.

Fig. 9: Velocity distribution around the sailplane — section

The flow around the sailplane in terms of the
velocity is shown in fig. 10. It displays the
distribution of the velocity and shows the accelerated
flow around the wing and the tail plane. As can be
seen on the scale, the maximum velocity is 79.7 m/s
which is almost 21% higher than the free flow
velocity (65m/s) and gives a local Mach number of
0.23.
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Fig. 10: Velocity distribution and flow trajectories around
the sailplane

In figure 11 is described the fluid temperature and
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its trajectories around the sailplane. It can be noticed
that where the flow velocity is higher, the temperature
is smaller and the air becomes cooler and when the
air is slowed the temperature increases.

Using Flow trajectories it is possible to view the
flow streamlines. Flow trajectories provide a good
view of the 3D fluid flow show how parameters
change along each trajectory on the sailplane. As can
be seen in fig. 11, still before meeting the sailplane’s
wing it can be observed a split in two of the air
current: the upper one that passes over the wing and
the lower one that passes under the wing. In the same
time it can be observed that the flow over the wing is
expanded and curved.

Fig. 11: The fluid temperature around the sailplane

Friction is a resistive force that occurs in joints
and between components in contact. This value of
friction coefficient is very important to the total drag
since it isolates the areas of higher friction. In this
way the things are very simple: the higher the friction
coefficient the greater the drag. The values for the
friction coefficient are presented in fig. 12.
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Fig. 12: Friction coefficient

4. Conclusions

The sailplane’s aerodynamic performances can be
obtained through more methods: analytical methods —
based on computations, experimental methods — made
in wind tunnels and simulation methods using
computerized fluid dynamics analysis (CFD). Using
CFD analysis the design and preliminary
aerodynamic analysis of a sailplane are done in a
shorter time with minimal material costs.

The results of the CFD analysis from this paper
represent only an important step in the preliminary
design, which will be followed by multiple tests in



the wind tunnel and various optimization methods for
the sailplane design that shall lead to the final
version. Through the aerodynamic analysis of the
sailplane it has been obtained an important
perspective for the preliminary design of the sailplane
and the distribution of the main flight parameters
(pressure, temperature, speed, and force on various
axes).

The polar diagram of the wing airfoil represents
an important result for knowing the sailplane’s
aerodynamic characteristics, from these being able to
determine important characteristics like: minimum
drag and maximum lift. From the results of the CFD
analysis results a good aerodynamic configuration for
the studied sailplane, without aerodynamic
interference problems between the main components
(wing-fuselage).
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