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TRIANGULATION METHOD OF BEARING SURFACES OF AIRCRAFT SYSTEMS

Modern ideology of computational approaches for solving initial value problems of continuum mechanics is
based on the creation of an adequate mathematical models and computational methods of construction based
on the geometric shape of the object. For the purpose of numerical implementation of the method of boundary
integral equations developed algorithmic process coordinate surfaces perspective bearing systems of arbitrary
spatial form in order to further their triangulation, ensuring the correct conduct of computer simulation to de-
termine the distributed and the total aerodynamic characteristics.
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1. Introduction

Due to multi parameter nature and nonlinearity of
the main tasks concerning continuum mechanics [1], the
computational experiment along with the physical one
obtained a considerable development. Currently, the
development of computer technologies has reached such
a level that it makes no sense any longer to demonstrate
computer simulation or numerical experiment advan-
tages in aerohydrodynamics compared to traditional
physical modeling methods [2]. It should be emphasized
that current research of problematic and sought contin-
uum mechanics tasks and, in particular, acrodynamics,
are based on advanced machines of functional and vec-
tor and tensor analysis [1], which is absolutely effective
in operation, and contributes to the development of nu-
merical methods for the solution of the entire spectrum
concerning demanded mechanics tasks.

The aerodynamics of complex bearing surfaces
(Fig. 1.1, 1.2) based on the systematic use of boundary
integral equation method and numerical embodiment
options the distributed and total nonlinear aerodynamic
characteristics of bearing forms, planar and spatial ones
are obtained, the processes that accompany the flow
separation, the formation and stability of vortex forma-
tions are studied.

2. Problem formulation

Recently, the aircraft with additional airfoils (AAF)
(see. Fig. 1.1, 1.2) is studied actively. These AAF pre-
vent the overflow of the air flow and equalizes the
pressure on the upper and lower wing surfaces, weak-
ening a powerful end vortex by separating it into several
vortices of smaller intensity.

Fig. 1.1. Bearing and control aerodynamic surfaces
of modern aircraft

Fig. 1.2. Prospective aircraft with advanced
aerodynamic mechanization systems

AAF application designed with the prediction of
the necessary aerodynamic characteristics, allows to
reduce the induced resistance of an aircraft, to increase
an effective elongation of a wing and the lifting force at
its end, to develop a course stability, to decrease the
specific fuel consumption, to reduce the length of run-
ning start and run during an aircraft (AC) take-off and
landing, that also has a considerable economic signifi-
cance.

Currently a lot of AAF designs is known for dif-
ferent types of wings, mounted on the main AC differ-
ing by spatial forms, geometries and aerodynamic char-
acteristics (see Fig. 1.1, 1.2).

The designing of AAF bearing and control ele-
ments is related taking into account the aerodynamic,
energy, structural and geometrical, technological and
mode characteristics that require the use of modern
computer technology for the synthesis and the making
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of a required design decision.

The experience of recent years showed that along
with the universal packages of application programs, the
possibilities of which are often declared, you must con-
tinue to create, correct algorithms and software products
from a mathematical point of view. The combination of
numerical and analytical approaches based on the
boundary integral equations in the calculations of aero-
hydrodynamic characteristics of aircraft, vehicles and
their parts in different flight or movement modes, pro-
viding a sufficient economic benefit seems to be a very
topical one. Now we are talking about the efficiency and
the reliability of numerical simulation and numerical
experiment improvement, because, despite all its ad-
vantages, it became apparent that a numerical experi-
ment can not replace field tests completely for now. It is
necessary to increase the speed, the volume and the ac-
curacy of calculations. One way to improve the speed
and accuracy of calculations is to increase the efficiency
of geometric modeling in full compliance with certain
differential-topological properties of curves and surfaces
within the spaces of a given dimension.

3. Geometric modeling results

According to developed tradition, the long period
of preliminary design phase was associated with the
need for successive stage implementation: the prepara-
tion of a project, the creation of a model, the testing in a
wind tunnel and the drawing up of an adjusted project.
The creation of a model is often the slowest and the
most expensive stage of this process. The use of a
well-established computer program according to the
method of calculation aecrodynamics allows the testing
of alternative project series (e.g., with different geomet-
ric configuration) in a wide range of parameter value
change, such as the Reynolds number, Mach number,
the angle of flow deflection.

Based on the ideology of boundary integral equation
method, an integrated computer technology seems to be
especially promising. This method was the most effective
one in the cases of internal and external problems con-
cerning continuum mechanics for unbounded domains
with compact internal borders and allows, in particular, to
determine directly the distribution and total aerohydrody-
namic characteristics of aircrafts and their parts.

During the study of these characteristics for air-
craft carriers and their bearing and control systems on
the basis of the boundary integral equation method with
the help of computer technology with its correct nu-
merical implementation the triangulation method of an
object surface in orthogonal curvilinear coordinate sys-
tem is used (Fig. 3.1, 3.2) [3]. In modern systems of
geometric modeling objects are represented as the com-
bination of simple elements (primitives).

The process of a complex configuration polygon
area splitting in a set of triangles is called triangulation
and performed, depending on a surface class - a plane,
section surface, the surface given by an array of points
and interpolating functions, etc.

Fig. 3.1. Canonical triangulated surface in a natural
coordinate system

Fig. 3.2. The elements of triangulated bearing surface
in a natural coordinate system

Also there are different subclasses of surfaces - conical,
spherical, cylindrical, ellipsoidal, and others. During the
analysis or the synthesis of complex surfaces they are
approximated by the mesh of triangles, and subse-
quently they operate with simple polygonal regions, i.e.
with each of the triangles.

Triangulation (from Latin triangulum - triangular)
- was one of the methods for basic geodetic network
development and currently it is a powerful method for
three-dimensional object construction using software in
computer graphics. Triangulation algorithm is applica-
ble to a surface of any shape in a plane and in a spatial
cases [4]. This approach, along with the subsequent
quadrature-interpolation process of integral calculation
like potentials leads to a linear system of algebraic
equations for the desired kinematic and dynamic pa-
rameters of a task.

The development of computer graphics for the tasks
of this class requires powerful hardware and intellectually
provided algorithms for the purpose of coordinate system
development based on three-dimensional models of an
arbitrary spatial shape, followed by the decomposition of
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images into the simplest elements-triangles. This is ex-
plained by the following reasons:

- a triangle is the simplest polygon the vertices of
which firmly determine a brink;

- any area which may be divided into triangles;

- the computational complexity of partition algo-
rithms into triangles is substantially less than at the use
of other polygons;

- it is easy to determine its three nearest neighbors
with common faces for a triangle.

Any surface may be approximated with a desired
accuracy by a grid of triangles. The approximation ac-
curacy is determined by the number of triangles and the
method of their choice. A high-quality object imaging
that is close to an observation point, requires to take into
account much more triangles than in the situation when
the same object is located at a distance. Even a fairly
coarse mesh is useful in practice, since the smoothing
methods used in the display process may significantly
improve a surface curvature image.

Triangulation, the splitting of a surface into simple
elements makes it possible to control the accuracy dur-
ing the calculation of aerodynamic characteristics. De-
pending on the requirements of a task and a computer
configuration a number of triangles is selected in order
to clarify the convergence of computing process and
achieve an acceptable accuracy.

4. Mathematical model

The algorithm of such an approach implementation
is developed in the case of an integral representation
concerning the problem solutions in respect of flowing
around an arbitrary spatial bearing system of by a real
fluid flow [5]:

g ()
_(V,(%+[n, [V’FHD}dS (4.1)

of the fundamental boundary value problem of hydro-
dynamics as a conservative form of momentum conser-
vation law in the simplest case of a steady motion con-
cerning an incompressible viscous fluid taking into ac-
count the natural boundary conditions of the bearing
system S flowing inside the control area X:

(v,{vcavuﬁ—vva =0,  (4.2)
p

where the tensor I is the fundamental solution of vector

analysis basic problem [1]:V(V,T') =15 (|x - y|) ,

® - the symbol of the tensor product, and I is a sin-
gle tensor.

In order to calculate the aecrodynamic characteris-
tics of an object under study on the basis of the estab-
lished system of boundary integral equations equivalent
to set boundary value problem (4.1), using a graphical
triangulation process, followed by an analytical calcula-
tion of the necessary integrals of potential type on flat
triangular surface elements, the algorithm of this system
transformation into the system of linear algebraic equa-
tions is created with a single guaranteed solution.

The procedure of illustration concerning the flow
of three-dimensional bearing system or its component
with the use of computer graphics to determine the aer-
odynamic characteristics, the programming interface is
applied with an open graphics library OpenGL (Open
Graphics Library) with the C ++ programming language
and other software, confirmed by relevant documents, is
presented on Fig. 4.1.

Equation system

Original data’s, p, pu $

~Z

Boundary integral Integral representations
equations of solutions
Surface Local coordinate
triangulation system

~Z

Algebraic equation |- Numerical implementation
system B using PC
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Final results: p, , R, M, C,, C,, my, my, m,

Fig. 4.1. Calculation procedure of total distributed
aerohydrodynamic characteristics

Conclusion

Currently, the most promising method to solve a
wide range of boundary value problems concerning
continuum mechanics is the method of boundary inte-
gral equations, which allows:

- to reduce the dimension of a problem and con-
sider more complex classes of problems than those that
are solved by other methods;

- to determine unknown values on the boundaries
of an area; the solutions in the interior points of an area
are obtained by integration;
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- nonlinear boundary problems for the systems of
differential equations concerning basic conservation
laws of mechanics lead to the system of linear boundary
integral equations concerning unknown boundary values
of the sought problem parameters or its wanted features;

- to perform the correct algorithms and implement
some computational process to determine the kinematic
and dynamic characteristics of the environment and a
streamlined object interaction.

During the study of these aircraft characteristics on
the basis of boundary integral equation method using
the modern software products and computer technolo-
gies the author developed an object surface triangulation
method in a curvilinear orthogonal coordinate system.
Triangulation algorithm is applicable to the surfaces of
any shape in a plane and in a spatial cases. The article
shows the results of geometric modeling with the sub-
sequent triangulation of an aircraft wing surface with
additional aerodynamic surfaces, which allow to reduce
the induced resistance of an aircraft, increase an effec-
tive extension of a wing and the lifting force at its end,
to improve the course stability, reduce specific fuel con-
sumption, reduce the length of running start and run
during an aircraft takeoff and landing, which has also a
significant economic effect.
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METO/I TPHAHI VJISILIAU MTOBEPXHOCTEMN
HECYHIUX CUCTEM JIETATEJIbHBIX AIIITIAPATOB

10. A. Kpawanuya, Amup Xowmanou

CoBpeMeHHasi UJEOIOT s IOCTPOCHUS BBIYUCIUTEIBHBIX MOAX0M0B PEUIeHNs] HauallbHO-KPAeBbIX 3aJlauy Mexa-
HUKHU CIUTOIIHBIX Ccpell 0asupyeTcs Ha CO3MAaHHM aJeKBATHON MaTeMaTHYeCKOH MOJIETH M IMOCTPOCHUU PAaCUETHBIX
METOIOB UCXOJIS U3 TEOMETPUIECKOM PopMbI 00bekTa. C IEIbI0 YHCICHHON peau3allii METoJa TPAaHHUYHBIX HHTE-
TpaJbHBIX YpPaBHEHUM Pa3BUT alJTOPUTMHUYECKHI IMPOILECC KOOPIWHUPOBAHUS MOBEPXHOCTEH MEPCHEKTUBHBIX He-
CYIIMX CHUCTEM IMPOU3BOIBHOI MPOCTPAHCTBEHHOU (DOPMBI C IEIBbI0 JaJbHEHIICH X TPUAHTYIIALNH, YTO 00eCIIeuH-
BaeT MPOBEJAEHHE KOPPEKTHOTO BBIYUCIUTEIHHOTO AKCIEPUMEHTA C IIeNIbI0 ONpeeNieHus] pacipeaenEHHbIX U CyM-
MapHBIX a3pOJUHAMHUYECKUX XapaKTePUCTHK.

KitioueBble ¢ji0Ba: HECYIIME CUCTEMBI JIETATENbHBIX alllapaToB, IPAaHUYHbIE UHTETPAIbHbIE YPaBHEHUs, T€0-
METPUYECKOE MOJECTUPOBAHUE, METOJ] TPUAHT YIISAIIUY TOBEPXHOCTEN, YMCIICHHAS peaTn3alius peneHHii

METO/I TPIAHT'YJIALII IOBEPXOHb
HECYUYUX CUCTEM JIITAJIbHUX AITAPATIB

10. O. Kpawanuysn, Amip Xowmanoi

CygacHa ifeornorist mo0ya0BH OOYHCIIOBAIBHUX IMiJXO/IB 100 BHUPIIIEHHS ITOYaTKOBO-KPAHOBHX 3a/1a4 Me-
XaHIKU CYIUTBHAX CEPEIOBUI 0a3yeThCsl HA CTBOPEHHI aJIeKBATHOI MaTeMaTHYHOI MOZEINI 1 HOOY0BI pO3paxyHKO-
BUX METOJIIB BUXO/SIUU 3 TEOMETPUIHOT ()OpMHU 00’€KTa. 3 METOIO YHCIIOBOI peaizaiii MeToay TpaHUYHHX 1HTerpa-
JIBHUAX PIBHSHb PO3BHUHEHUI aNTOPUTMIYHUI MPOIEC KOOPJUHYBAHHS TOBEPXOHb ITEPCIEKTUBHUX HECYUYUX CHUCTEM
JIOBIJIBHOT MTPOCTOPOBOI (hOPMH 3 METOI MOMAJBINOL X TPIAHTYIAIIE0, 10 3a0e3Meuye MPOBEICHHS KOPEKTHOI'O
00YHMCITIOBAIEHOTO EKCTIIEPUMEHTY BU3HAYCHHSI PO3MOAICHNX Ta CyMapHHUX aepOJIMHAMIYHUX XapaKTEePUCTHUK.

KoarouoBi ciioBa: Hecydi cucremMu JiTaIBHUX anapariB, IPaHUYHI 1HTErpabHI PIBHSHHS, TEOMETPUYHE MOJIE-
JIIOBaHHS, METOJ| TPIaHTYJISIIIIT TOBEPXOHB, YUCIOBA peali3allis pO3B’I3KiB
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