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Abstract. The method and the algorithm of solving the problem of streamlining are presented. Neumann boundary
problem is reduced to the solution of integral equations with given boundary conditions using the cubic spline-

functions.
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1. Introduction

For the mathematical modeling of real aerodynamic
processes numerical calculations are widely used.
The method of spline functions has been proving
itself for a long time as a flexible mathematical tool
for solving systems of differential and integral
equations. While studying aerodynamic surfaces we
should use cubic spline functions [Zavialov et al.
1980; Lopatjuk 2011].

2. Analysis of studies and publications

A great deal of works is devoted to the task of the
flow airfoil discrete profile, for example [Pavlovets
1971]. Among the existing methods for solving the
problem the method of spline functions is the most
appropriate. But there are many kinds of it:
trigonometric splines, splines of different degrees
and defects, splines “the load” and others [Zavialov
et al. 1980]. Among them, only the cubic spline
functions are the optimal order splines as they have
minimum of intersection points, which at the same
time provide the necessary second order smoothness
of contours which are interpolated. Furthermore,
their other positive qualities should be noted such as
simplicity and uniformity of the input task. For the
specifying any function only the value of the
abscissa and ordinate at nodal points and boundary
conditions is required. Inaccurate boundary
conditions results only in local boundary curvature.
Interpolation algorithm is easy to implement on a
computer, ensuring high precision results. Matrix of
spline function “moments” for a given discrete set is
calculated once, stored and further it represents, in
fact, the analytical form of the set, which allows to
solve related problems, including the problem of
numerical integration and differentiation, to obtain
approximate solutions of boundary value problems.
Requirements of systematic approach necessitate the
single digital parametric mathematical construction
of the object of model study.

The cubic spline-functions method provides the
unity of the storing basic parameters and calculating
the required information [Lopatjuk 2011].

The aim is to develop methods and algorithm of
solving the problem of streamlining of airfoil with
fluid flow.

3. Calculation of geometric and aerodynamic
parameters of a discrete profile

Consider the problem of flow past smooth airfoil
profile by the stream of ideal incompressible fluid.
In addition to that this flow is considered to be
established, vortex. Mathematically, this problem is
a Neumann boundary problem, which turns to the
solution of the Laplace equation:

Ap=0
under these boundary conditions:

— unleakage of fluid through the profile contour,
streamlining continuity:
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— uniformity of fluid flow beyond the profile
streamlined:

§(p=Vw, r—o.

In his work Pavlovets [1971] considers special
cases.

In this paper for the solution of integral equations
obtained in the study, the method of cubic spline-
functions is used.

Presenting the potential flow as a superposition
of unperturbed flow and stream made by specifics of
vortices types, distributed over the surface of the
body, we are looking for a solution as a sum of a
unperturbed flow potential and potential of
continuous vortex layer placed on the profile circuit
with a linear density

W =V_z —L§y(g)1n(z —¢)dz,
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where {=&+in — the complex coordinate of a

point on the profile;

Z = X+1iy — complex coordinate of any point of
the flow plane.

This potential and stream function as real and
imaginary parts of the complex potential, are as
follows:
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where S — curvilinear coordinate is measured along
the contour profile;
| =S, — total length of the path profile.

Preher proved the equivalence of conditions for
unleakage through the contour and vortex density
layer of liquid velocity outside the circuit:

Y(s) =V*(s) = (Z‘SPY .

Based on this and on the properties of the
derivative of the potential ¢, to determine the speed

V(s) we get the integral Fredholm equation of the
second kind:

Y=Mye _ dx
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Determining the derivative under the integral
sign and going to a given rate on the profile contour
that is streamlined
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we obtain the following equation
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where a — angle of attack.
Note that when the profile points (&,m) and

(X, y) coincide, the kernel of the integral equation is

. . 0 .
uncertain  species 0 But since the profile

interpolates with the help of spline - functions, while
ensuring contour smoothness of the second order,
then it is going to the boundary, we obtain:

dx d?y dx* dy
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We assume that the density of the vortex layer is
distributed along the profile contour according to the
law of cubic spline-functions. Then, turning to a
uniform grid H, =s;,, — S; = const, we get
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V(s) =—[VMH(Sj -5)’ +VM (s —s;_ )’ +

+(6V;_, —VM H?)(s; —5) + (6v; —~VM ;H*)(s —5,_))],
i=2,...,N. (1)
Performing  identical  transformation  and

introducing data replacement, we obtain the

corresponding system:
N
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Using this system as basis and methods for
solving linear systems with a large number of
unknowns, we can find value of v; and VM; in

accordance with the system (1).
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4. Conclusions

Thus, we have a set of coefficients speed “moments”
VMkl’ i=1,...,N,

where m — number of airfoils along the wingspan.
In turn it makes possible to find the coefficients
of “moments” of pressure

pMkl’ k=l,...,m; izl,...,N

for each profile. Together the “moments” of
geometric spline functions, velocity spline functions
and pressure spline functions can be used as a
general mathematical model of a wing surface of
streamlining parameters [Lopatjuk 2011].

Methodology and algorithm allow to calculate
the geometric and aerodynamic profile parameters
during the designing of new types of aircraft.

k=1,..m;
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M.M. JlonaTtiok. CraitH-pyHKuii B 3a1a4i 00TikaHHA KPUJI0BOro npodisro

KuiBcbka qeprkaBHa akaaeMis BOXHOTO TpaHCIopTy iMm. rerbMana [lerpa Konaresuya-Caraiizaqnoro

By @pyn3e, 9, Kuis, Ykpaina, 04071

E-mails: academy@maritime.kiev.ua; Victoria@maritime.kiev.ua
Posrisinyro 3amady OOTiKaHHS IJIQAKOTO KPWIOBOTO NpO(dIII0 IOTOKOM ieajbHOi HECTHCIIMBOI  PiAMHH.
[oreHuiaNbHUI MOTIK MOJAHO Y BUIJIAIL CyNEpIo3ullii He30ypeHOro MOTOKY 1 IIOTOKY, YTBOPEHOTO OCOOIHMBOCTSIMU
THUITy BUXPIB, PO3MOJIUICHHX T10 TIOBepXHi Tija. OnrcaHo po3B’si3aHHs 3a1a4i y BUIVIAAL CyMHU HOTEHIialy He30ypeHoro
MMOTOKY 1 MOTEHI[ially HEIePepBHOTO BHXPOBOTO IIapy, IO PO3MIMICHUN HAa KOHTYPi MpoQiIIo 3 JHIHHOI TYCTHHOM.
[ToxazaHo, 1m0 TYCTHHA BUXPOBOTO IIapy PO3IMOIiIEHA IT0 KOHTYPY HMPOQiIo 3a 3aKOHOM KyOIYHHX CIUTaiH-(QyHKIIIH.
[Ticns TOTOXXHUX TEPETBOPEHB 3aady 3BEICHO J0 PO3B’SA3yBaHHS JIHIIMHOT CHCTEMH 3 BEITMKOIO KUTBKICTIO HEBIIOMHX.
Po3po06iieHO METOIUKY 1 aNrOpUTM, 110 J03BOJISE PO3PaXyBaTH 'EOMETPUYHI Ta aepOAMHAMIYHI apaMmeTpu npoiiiB y
MIpoIIeCi MPOEKTYBAaHH HOBUX THIIIB aBiaIlilfHOT TEXHIKH.
KuaroyoBi cioBa: aepoguHamivuHuil mpo¢inb; MOMEHT; MOTEHIliall MOTOKY; CIUIAHH-(QYHKINSA; IIBHUAKICTE Ha KOHTYpI
npodito.

M.M. Jlonatiok. CiiaiiH-GgyHKIuM B 3a/1a4e 00TeKaHUS KPBLJIOBOr0 MpoQuis

Kuesckas rocynapcTBeHHas akaieMus BOTHOTO TpaHCopTa uM. rermana [lerpa Konamesunya-Caraiizaqaoro

yi. @pynse, 9, Kues, Ykpauna, 04071

E-mails: academy@maritime.kiev.ua; Victoria@maritime.kiev.ua
Paccmorpena 3amava OoOTeKaHWsi IUIAQJKOTO KPBUIOBOTO MPOGHIS MOTOKOM HISaJbHOW HEC)KUMAEMOM IKHIKOCTH.
IloTeHIManbHBIM IOTOK NPEACTABIEH B BUAEC CYNEPIO3ULUM HEBO3MYILIEHHOIO IIOTOKA U IIOTOKA, CO3JaHHOIO
0COOEHHOCTSIMM THIAa BUXpPEH, pacHpeiereHHBIX MO0 MOBEPXHOCTH Tena. ONMHCaHO pelleHHe 3aJaud B BUIE CYMMBI
MOTEHI[Mala HEBO3MYIIEHHOIO IMOTOKAa W IOTEHIMAka HENPEPBIBHOTO BUXPEBOrO CJIOA, Pa3sMELIEHHOTO HAa KOHTYpeE
poWIIs ¢ JIMHEHHOH IIOTHOCTHIO. [ToKa3aHOo, Y4TO TUIOTHOCTH BUXPEBOIO CIIOS paclpeliesieHa 110 KOHTYPY IpOQHIIs 0
3aKOHY KyOHWYecKkux CcIuiaifH-QyHknui. I[locie TOXIECTBEHHBIX MPeoOpa3oBaHWI 3a/aya CBEACHA K PEIICHUIO
JMIUHEWHOW CHCTEMBI ¢ OOJIBIIMM KOJHMYSCTBOM HEH3BECTHHIX. Pa3paboTaHBl METOIUKA W alNTOPUTM, TO3BOJISIOIINC
paccUnTHIBATh TEOMETPUYECKHME M a’POJMHAMHYECKHE IIAapaMeTpbl B IPOLECCE NPOEKTUPOBAHWSA HOBBIX THIIOB
aBUALIMOHHOM TEXHUKU.
KiroueBblie cjioBa: adpoAMHAMHYECKHI NMPO(WIb, MOMEHT; IOTCHIHAN IOTOKA, CKOPOCTh Ha KOHTYpE MPOQUILS;
CIUTaiH-(DyHKIHSA.
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