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ABSTRACT

KEYWORDS

Based on the equations obtained from the solution of the differential equation of curvature-inverse problem,
processed in Mathcad, curves of flat contours, a geometric model of the blade airfoil profile was created in three
sections - root, middle and peripheral. The distribution of velocities along the back and trough of the profile is
presented. A 3D model of a blade based on a section and guide lines was built in SolidWorks and exported in the
parasolid format to the ANSYS AIM 17.2 software package. For engineering analysis, the boundary conditions
were determined - the type of working substance, the absolute temperature, the inlet velocity of the molasses,
the static pressure at the outlet, etc. For the interblade channel, a hexagonal (structured) finite element mesh was
created in an automated version. Careful selection of the boundary conditions leads to the accuracy of determining
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the results of the flow parameters. Based on carefully processed results, the blade optimization was carried out.
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Introduction

During the development of new aircraft blades and
refinement of existing products, a large amount of data
on strength, thermal state, main flow parameters, etc.
is required. The above parameters can be obtained by
conducting appropriate measurements during the operation
of the product. This often leads to the need to perform a
large amount of preparatory work, including the refinement
of the designed blades themselves. The volume of these
preparatory works leads to the cost of large funds and takes
a lot of time. In this case, the amount of data received is often
insufficient. Additional information about the processes
occurring in the interscapular channels can be obtained
from calculations carried out using CAE (Computer Aided
Engineering) products. In one- and two-dimensional models,
assumptions and empirical coefficients most often do not take
into account the spatial distribution of gas flow parameters
existing in a specific node. The most complete picture of
the distribution in this case can only be given by a three-
dimensional calculation.

Computational fluid dynamics (CFD) is today an essential
tool in the study of flows in the blades of turbomachines
and in their design. Every year there are more and more
software packages for solving the equations of gas dynamics,
and new scientific and engineering teams are involved in
the creation and development of CFD computer computers.
The most common approach at present is the numerical
simulation of turbulent viscous gas flows using the Reynolds-
averaged Navier-Stokes (RANS) equations. It is believed that
the formulation of such problems, numerical methods and
algorithms have already been worked out in sufficient detail,
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and the corresponding computer CFD calculators have been
thoroughly tested and brought to perfection [1].

ANSYS CFD is a market leader in software for the turbo
engineering industry, which places the highest demands on
software in terms of accuracy, reliability and speed of calculations.
More than twenty years of experience in using ANSYS CFD in
turbomachine flow simulation has proven its convenience,
reliability and accuracy in the calculation of all types of pumps,
fans, compressors, gas, steam and hydraulic turbines.

Aerodynamic problems are subdivided into setting a
direct problem - building a profile for given parameters at the
inlet and outlet with further determination of losses on it, and
the reverse, that is, creating a profile according to a previously
accepted nature of the change in speed along its bypass. In
the world practice of designing blades, the inverse problem
is used very rarely. One of the main points is the need to find
a minimum of aerodynamic losses in the lattice, provided
that the design blade is subject to requirements that arise
from ensuring the strength and features of the technological
process of its manufacture. Nevertheless, the solution of the
inverse problem in a two-dimensional formulation has great
prospects, because it makes it possible to obtain turbine
blades with high aerodynamic quality with a significant
reduction in the time spent on design and finishing [2].

Obtaining a lattice profile based only on the requirements
of an aerodynamically favorable flow around is insufficient.
When solving the inverse problem, the starting point is
the velocity hodograph - the locus of the ends of the flow
velocity vectors at the points of the contours of the profile
to be constructed. The shape of the hodograph is selected in
advance based on the requirement to ensure a continuous
flow around the back and trough. In the absence of a velocity
hodograph to ensure a continuous change in the flow, it is
possible to use the law of a smooth change in curvature along
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the profile. The nature of the flow around the grating (smooth
change in the flow velocity), energy loss and the angle of exit
of the flow are significantly affected by the curvature of the
contours. Which are mainly the curvature of the contour of
the back of the profile in the area of the oblique cut. Curves
with the smallest value of maximum curvature provide a
low level of flow velocity around the profile. The absence of
inflections in the curve of the distribution of curvature along
the profile ensures a smooth change in the flow velocity [3].
Smoothly changing curvature can be used to form profiles.
For profiles of convergent gratings, this requirement is met
with an increase in velocity along the contours from the input
edge to the output.

Itis proposed for aerodynamic calculations on temporarily
granted ANSYS licenses to analyze three-dimensional gas
flow in turbomachines. The three-dimensional model of the
blade was obtained in SolidWorks on the basis of flat profiles.
The equations describing the curve of the back and the trough
of the profile are obtained by solving the differential equation
for the curvature of a flat lattice based on the solution of the
inverse problem [4].

Statement of research objectives

Numerical experiment is by far the most promising
means of carrying out design, verification and optimization
calculations [5]. The flow was modeled using the ANSYS
CFD software package. The flow of a compressible viscous
turbulent gas was considered.

The cam profile is built on the basis of the curvature
equation (inverse problem). To do this, the differential
equation of curvature in the Cartesian coordinate system was
solved, which has the following form:

&)
2
k(x) :dX73
2
()
dx
where k(x) is the curvature function; y is the profile curve

equation.
Equation (1) does not explicitly contain the desired

function y. For the curve of curvature (convex upwards),
which satisfies certain criteria [4, 6], we can take an elementary
trigonometric function in the form:

k(x)=—a-sin(p - x), (2)

where 7 is the maximum curvature value; p is the scale factor
of the argument.

The solution of the differential equation (1) taking into
account (2) leads to the expression

y(x)= 1In(sin(px) + (Ej cosz(px)] +C, (3)
p a

The value of the radius of curvature (3) varies from [0, o°].
The value of the constant 4, p and C are determined from
the systems of equation (4)

1ln(sin(pxl) + [Bj - cosz(pxl)J +C=y,
p a

11n(sin(px2) + [Bj - COSZ(P’%)] +C=y, “)
p a

cos(p-x) —cos(p-x,)
cos f3, cos f3,

where, x1, 11 and x,, . are the initial and final coordinates
of the point of the curve describing the profile, f; and g,
respectively, are the inlet and outlet angles - the angles
between the front and the flow direction at the inlet and
outlet of the array. Figure 1(a) shows the blade profile, where
the back (yc) and trough (yk) are described by equation (3).
Leading and trailing edges are described in terms of the circle
equation.

Initial data are given in [6]. All geometric parameters are
given in dimensionless quantities.

Figure 1(b) plots the change in velocity versus profile
grating width. The equation describing the flow velocity is
shown (5):

we —cos(p-x) 5)

[Ej cos(p - x)*
a

From figure 1(b) it can be seen that the load on the rear
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Fig. 1. Blade profile (a) and the law of speed change along the back and trough (b)
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section of the profile from the back increases.

The solution of all equations and the construction of the
back and trough curves were carried out in the Mathcad
program. As a result of profiling, a geometric model of the
blade airfoil profile was obtained in three sections - root,
middle and peripheral. Back and trough curve equations (3)
for all sections were imported into SolidWorks. The blade
model is built on three sections using the Boundary Boss/
Base operator. The geometry is exported to ANSYS AIM 17.2
in Parasolid format. Models of the blade and interscapular
channel are shown in figure 2.

For the interscapular channel in ANSYS TurboGrid,
using the ATM Optimize method, a high-quality hexagonal
(structured) finite element mesh (FEM) was built [7]. For
its construction, automated techniques were used, which
reduces the preprocessing time from several days to several
minutes and speeds up the entire modeling process. This grid
type is still highly recommended for CFD calculations. The
grid of the flow path is shown in figure 3.

A wide range of ready-made automatic templates

subsonic flow in the turbine lattice was considered, the
initial data for which are given in [6]. Calculations for the
flow regime with an adiabatic Mach number at the outlet
M2=0.44) were carried out in grids of 610 thousand and 2.4
million cells.

On figure 5 shows the isolines of the Mach number in
the root, middle, and peripheral sections of the interblade
channel for grids of 610000 and 2.4 million cells. It can be seen
that the results for subsonic flow are quite close, although it
should be noted that on a finer grid near the stagnation point,
the shape of concentric isolines is closer to circles, which
corresponds to the physics of the flow around blunt bodies.

Aeroelastic vibrations can also be caused by periodic
shedding of vortices. The frequency of vortex shedding
depends on the body shape and oncoming flow velocity. If the
frequency is close to the natural frequencies of the body, then
mechanical resonance occurs and the structure is destroyed.
As can be seen from figure 5, a thin boundary layer remains
between the blade and the flow. This layer protects the blade
surface from overheating. In addition, there are no detachable

b)

Fig. 2. Models of the blade (a) and the flow path (b)

ANSYS TurboGrid guarantees high quality mesh output
with minimal user settings. Thus, we can build high quality
hexagonal meshes in minimum time.

The mesh has clusters near the blade airfoil, in the upper
and lower walls of the channel for modeling turbulence. The
construction algorithm includes checking the correct location
of conditional interfaces (inlet, outlet from the channel,
peripheral and sleeve bypass, surfaces of symmetry axes).

In the early stages of calculations, the ideal gas equation
was used to approximate the properties of the working fluid.
The individual gas constant, viscosity and heat capacities
(constant values) were estimated as average values from
input/output parameters. After that, the working fluid model
was changed to the NIST real gas model. The use of the
ideal gas model ensures the acceleration and convergence of
calculations. On the other hand, the real gas model leads to
an accuracy in determining the flow parameters.

These positions were finally confirmed by CFD
simulations. The pattern of streamlines depicted in figure 4
shows that the flow through such an option is smooth.

To check the reliability of the created 3D model of the
blade based on the profile built on the basis of (3), the

% 10° [Pa]

Fig. 4. Velocity (a) and pressure (b) in a given section of
the 3D blade model
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Fig. 5. Plot of velocities for the root (a), middle (b) and peripheral (c) sections
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sections neither on the back nor on the trough, which favors a
good flow around the turbine blades without flutter.

One of the most important stages of CFD modeling is
the analysis of the results. To visualize the results obtained,
a postprocessor is needed; it allows the user to understand
the nature and features of the flow in the structure. The

ANSYS CFD-Post postprocessor contains a wide range of
functions for performing operations on the calculation results,
including for obtaining integral characteristics. Based on the
results obtained, in order to achieve the required results,
the optimization of modeling processes from 2D to 3D was
repeated repeatedly.

Conclusion

An analysis of three-dimensional gas flows in turbomachines showed that the flow passing through
the interblade channel of the blade, obtained on the basis of (3), is smooth. Non-separated sections make
it possible to preliminarily judge that the structure will not be subjected to mechanical resonance and
overheating of the surface in places. The equation describing the profile of the blade (3) can be applied not
only when profiling the blades, but also for any part in which it is necessary to ensure a monotonous change
in the curvature of the curve describing the profile [8-12].

Equation (3) can also be applied in the automated mode of profile design.

Based on the proposed methodology, it is possible to carry out calculations of similar problems.
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3D MOZ4eANPpOBaHMsI VI aHaAN3 TeYeHNN ra3a MeXXA0I1aTOYHOM KaHale

A. C. Umanos, U. A. Xaruros

Aszepbaitaxancknit Texamgeckuit YansepcurteT, baky, AzepbaiigkaH
Pedepar

Ha ocHoBe ypaBHeHM T TIOAYIeHHEIN U3 perneHns AudpQepeHInaibHOTO ypaBHeHIs KpUBU3HEI-00paT-
Has 3aJada, obpadorannsx B Mathcad, KpMBBIX IIAOCKIX KOHTYPOB CO3/JaHa reOMeTpudeckas MoJeAb Ipo-
Juas nmepa A0maTKM IO TpeM cedeHUAM — KOPHeBOMY, cpeAHeMy 1 rtepudepuitHomy. Ilpeacrasaeno pac-
IIpejeAeHne CKOpOoCTell BA0Ab CIIMHKY 1 KophITHia mpoduast. B SolidWorks mocrpoena 3D Moaean aomaTkm
Ha OCHOBE CedeHIsI U HaIlpaBAAIONINX AMHUU U B (pOpMaTe MapacoAar/, SKCIOPTUPOBaH B IIPOTPaMMHEIN
maket ANSYS AIM 17.2. /as uH>XXeHepHOTO aHaAm3a OBIAU OIpeAeAeHEI ITOTpaHIIHbIe YCAOBNA - BU/,
pabouero BemtecTsa, abcoalOTHas TeMmIlepaTypa, BXOAHas CKOPOCTh IIOTOKa, CTaTidecKoe JaBJeHue Ha
BBIXOA€ U T. /451 MeX/A0TIaTOYHOTO KaHala Oblaa co3JaHa B aBTOMATM3MPOBAaHHOM BapMaHTe TeKcaroHa/b-
Hasl (CTPYKTypUpOBaHHas) CeTKa KOHEYHBIX D1€MeHTOB. TIaTeAbHbIN T0AOOp TPaHMIHEIX YCAOBUIT ITPU-
BOAUT K TOYHOCTU OIIpejeAeHNs pe3yAbTaToB IlapaMeTpoB IToToKa. Ha ocHoBe TmaTeapHO 00pabOTaHHEIX
pesyabpTaToB OblAa ITpOBeAeHa ONTUMM3AIINs AOTIaTKH.

Katouegvie caosa: kpuBu3Ha; MpodpuANpoBaHUe; KpUBas CIIMHKI; MAeaAbHEIN Tas; 9/CAeHHOe MOAeAN-
poBaHue; TypOyAeHTHOe TedeHle; TBepA0TeAbHas MOAeAb.

Kiiraklararasi kanalda qazlarin axinin 3D modellanmasi va analizi

9. S. Imanov, 1. 8. Xalilov
Azarbaycan Texniki Universiteti, Baki, Azarbaycan

Xiilasa

Oks mosalo kimi ayriliyin differensial tenliyinin holli ssasinda alnmis tenlik vasitesilo qurulmus
ayrilarls, Mathcad proqraminda emal olunaraq, kiirayin ii¢ kesiyinden- asas, orta ve periferiyadan
profilin handasi modeli qurulmusdur. Kiirayin profilinin bel ve qarin hissalerinda siiratin paylanmasi
gostarilmisdir. Kasiklor (doguran) ve yonaldici xatt ssasinda SolidWorks proqraminda kiirayin 3D
modeli qurulub ve parasolid formatinda ANSYS AIM 17.2. proqram paketine gondarilmisdir. Mithandis
analizlari aparmagq ii¢lin serhad sertlari tayin edilmisdir- is¢i maddenin névii, miitlaq temperatur, axinin
giris siireti, ¢ixisdaki statik tezyiq ve s. Kiiroeklorarasi kanalda abtomatik rejimds sonlu elementlarin
heksoqonal (struktlagdirilmis) qafasi yaradilmisdir. Serhad sartlerinin diqqpetli toyini axinin parametrlarinin
daqiq hesablanmasia gotirmisdir. Diqqgoatlo emal edilmis hesablamalarin naticesi esasinda kiirayin
optimallasdirmasi yerina yetirilmisdir.

Acgar sézlar: oyrilik, profilloma; belin ayrisi; ideal qaz; reqemsal modelloma; turbulent axin; bark cisim
modeli.




