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Abstract — In the design process of blade arrangements in axial flow machines, it is extremely
important to have the aerodynamic characteristics of the airfoils in a rectilinear blade cascade
arrangement. However, the source of these characteristics is often difficult to access. This paper
presents a methodology for the numerical determination of the characteristics of the lift
coefficient, drag coefficient and flow turning angle of the airflow as a function of the angle of
attack, by using the example of a blade cascade formed by NACA 65-010 airfoils for the flow
intake angle p1=30° and the cascade solidity o=1. A numerical analysis of the impact of the
numerical mesh parameters and the applied turbulence model on the obtained values of the lift
coefficient, drag coefficient and flow turning angle of the airfoil in a rectilinear blade cascade has
been performed. The numerical values obtained have been compared to experimental results. In
this respect, satisfactory agreement has been obtained between experimental and numerical
results, confirming the feasibility of numerical determination of the aerodynamic characteristics of

airfoils in a rectilinear blade cascade. Copyright © 2023 The Authors.
Published by Praise Worthy Prize S.r.l.. This article is open access published under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Nomenclature
b Cascade width
c Axial component of velocity
CAD Computer Aided Design
Ca Drag coefficient
Ci Lift coefficient
/ Airfoil chord
t Tangential spacing between blades
u Tangential velocity
w Relative velocity
Acu Tangential velocity increase
o Angle of attack
B Angle between flow direction and a
perpendicular to the cascade axis
Y Airfoil angle in the cascade
0 Flow turning angle (B2 - 1)
c Cascade solidity (//t)
Subscripts
1 Upstream of blade row
2 Downstream of blade row

I Introduction

Axial flow machines are fluid-flow machines in which
there is a continuous flow of the working medium (liquid
or gas), and energy is transferred from or to the fluid
medium. In addition, these types of working machines
are characterised by the fact that the direction of flow of

Copyright © 2023 The Authors. Published by Praise Worthy Prize S.r.l.

the working medium coincides with their axis of rotation.
Examples of this type of machine are blowers, fans,
compressors, and turbines. These machines vary with
their pressure rise values and the direction of energy
transfer. In the case of compressors, the energy transfer is
from the rotor to the fluid and in the case of turbines, it is
vice versa: from the fluid to the rotor. A key aspect of the
correct operation of axial flow machines is the correct
design of rotor and stator rings. This applies in particular
to the blade arrangement, whose final configuration
results from a correctly executed design process for the
given operating parameters. These parameters may
include total pressure build-up, volumetric or mass flow
rate, generated noise level, operating point efficiency,
etc. Properly designed fluid-flow machines will also have
a high degree of efficiency, which can translate into
reduced energy consumption, for example, in the case of
electrically powered fans. The design process of axial
flow machines consists primarily of determining the
correct geometry of the blade rings in terms of the
performance to be achieved by the designed machine. An
excellent method that allows the preliminary design of
axial flow machines is the analytical method based on a
flat rectilinear blade cascade. The rectilinear blade
cascade model forms the basis for the analytical design
of blade arrangements in axial flow machines, for which
the volume or mass flow rate, the pressure build-up at a
given working fluid density as well as the assumed
rotational speed are the input data for the calculation.
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Figure 1 shows the geometry of the rectilinear blade
cascade for the case of flow through a rotating
component, together with the velocity triangle system.

Many algorithms for the calculation of axial blade
arrangements in fluid-flow machines based on the
rectilinear blade cascade can be found in the literature.

The main literature references include [1]-[3]. The
rectilinear blade cascade model has undoubted
advantages in terms of the simplicity of describing the
kinematics of the flow through the stages of an axial flow
machine and the feasibility of estimating the
characteristics of the designed flow machine. However, it
also has disadvantages, such as the infeasibility of
estimation of flow losses or the infeasibility of
considering aerodynamic phenomena that are negative
from the point of view of blade cascade performance,
such as the detachment of the boundary layer of flow.

This model also does not take into account the
interference between the rotor stage and the stator stage.

Regardless of its disadvantages, the rectilinear blade
cascade model is an effective tool for preliminary design
engineering of axial flow machines. However, in order to
use this model, the knowledge of the aerodynamic
characteristics of the airfoils in a blade cascade
arrangement is required. In [4], it has been shown that
when designing axial flow machines, the values for the
lift and drag force coefficients for isolated airfoils cannot
be used in the case of airfoils in a blade cascade
arrangement. This has been also discussed in [5] for the
NACA 0012 airfoil in a blade cascade and isolated
arrangement. The values of these coefficients for isolated
airfoils and airfoils in a blade cascade arrangement are
quite different. The waveforms (trends) of the
characteristics of Ci=f{a) and Cs=fla) very between the
two airfoil configurations. Values for the aerodynamic
coefficients for the airfoil arrangement in the blade
cascade can be obtained from the relevant reference data
sheets. However, to these authors’ knowledge, the only
publicly available data sheet that contains aerodynamic
characteristics of airfoils in a rectilinear blade cascade
arrangement is the NACA REPORT 1368 [6]. However,
this catalogue is limited only to the NACA 65 series
airfoils and a few configurations of flow intake angles
and blade cascade solidities. With a dedicated wind
tunnel, it is possible to determine experimentally the
aerodynamic characteristics of the airflows in a blade
cascade arrangement.
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Fig. 1. Blade cascade
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The results of this type of test are shown in [7] and
[8]. However, this entails a sophisticated testing
infrastructure. At the same time, due to the cost, length of
measurements, multiplicity of configurations and number
of airfoil families, the experimental determination of
airflow characteristics in a blade cascade arrangement is
not a universal method. Hence, an excellent solution to
the problem of determining blade airfoil characteristics in
a blade cascade arrangement is to carry out numerical
flow simulations. However, there are also specific
problems in this aspect. It is difficult to find data on the
aerodynamic coefficients of airfoils in blade cascade
arrangements resulting from flow simulations in
scientific papers. K. M. Pandey et al. [9] have presented
an approach for developing models for performing
numerical simulations of flow through a rectilinear blade
cascade, building numerical meshes, as well as carrying
out calculations by using periodic boundary conditions.

However, the analysis of the results performed only
focuses on the pressure, the velocity, and the temperature
fields. Obviously, this is important in terms of assessing
the correct positioning of the airfoils in the blade cascade
for the preset operating parameters. As the desktop
review shows, with regard to the distribution of velocity
fields determined experimentally and numerically, there
is good agreement between the results obtained [10],
even for supersonic flows [11], [12]. However, such an
analysis has been required to optimise the blade cascade
arrangement of airfoils for increased performance. As
shown in the literature on the subject, the numerical
solution of flow through a blade cascade can be
successfully carried out by using the finite element
method [13] as well as the panel method [14]. The issue
of analysing velocity and pressure fields in a flow
through a blade cascade is also shown in [15] and [16].

These sources indicate that numerical simulations are
useful in the process of optimising airfoils for use in
blade cascades. The analyses carried out have showed the
positive effect of geometry optimisation on flow loss
reduction. [17] discusses an approach for resolving
potential flow through a blade cascade. The mathematical
formulas presented in this paper, based on the Kutta
condition and the Riemann-Hilbert approach, allow the
velocity distribution around the airfoils in the cascade
arrangement to be determined, along with the circulation
distribution, which can be combined with the lift
coefficient. The approach presented in [17] is quite
promising for the rapid analytical determination of
aerodynamic characteristics of airfoils in a blade cascade,
as also mentioned in [18]. In addition, the analytical
formulation of the blade cascade flow problem also
allows transient issues to be solved [19]. The approach
shown in [19] concerns the determination of flow fields
without going into the aerodynamic coefficients of
airfoils. Numerical analysis of flow through a blade
cascade finds application in the broader analysis of flow
loss. These losses primarily affect the values of the total
pressure rise generated and the efficiency of the flow
machine. An approach to analyse such issues is included
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n [20]. [21] shows a comparison of numerical results
with experimental results of flow through a set of blade
cascades.

The results show that the author has obtained a
satisfactory agreement of the pressure loss distribution
without going into the forces arising on the blades,
enabling the determination of the coefficients C; and Ca.

Mathematical formulas for the forces applied to the
airfoils in a blade cascade arrangement are also provided
in [22], where they have been extensively analysed. By
analysing the reference literature, many papers can be
found concerning the analysis of flow through a
rectilinear blade cascade with analytical [23],
numerical or experimental [24] methods. Unfortunately,
the results have reported mainly concern pressure and
velocity distributions. It is difficult to find the results of
numerical analyses of the aerodynamic coefficients Ci
and Cqand their comparison to experimental results. This
also applies to the flow-turning angle of the working
medium flowing through the blade cascade. Knowing the
value of the flow-turning angle is extremely useful in the
design process of axial flow machines. This paper
presents a method for the numerical determination of the
aerodynamic coefficients C; and Cy of airfoils in a blade
cascade arrangement and the flow turning angle of air
through a rectilinear blade cascade. The focus has been
on a blade cascade based on the NACA 65-010 airfoil
with a cascade solidity 6=1 and flow intake angle
B1=30°. First, the computational domain model has been
discussed, including its dimensions, which has been then
discretized by using the so-called numerical hybrid
meshes. 17 numerical meshes have been built, differing
in the total number of elements as well as the number of
layers of rectangular elements in the area of the boundary
layer. A series of numerical flow simulations have been
performed for the prepared meshes in order to determine
the influence of the mesh on the simulation results. Then,
a numerical analysis of the impact of the turbulence
model on the results of numerical simulations was
presented. For this purpose, the characteristics Ci=f(a),
Ca=f(a) and O=f(a) of the NACA 65-010 blade cascade
with previously mentioned parameters have been
numerically reproduced. The numerical results have been
compared to experimental data from the report [6]. Flow
simulations have been carried out in Ansys Fluent
software by solving RANS equations, a method used
successfully to solve various aerodynamics problems in
[25] to [29].

II. Computational Domain

and Boundary Condition

In this paper, an attempt has been made to replicate
the experimental study of a rectilinear blade cascade [6]
using numerical analyses. To this end, a suitable blade
cascade model has been built to carry out numerical flow
simulations. This model is shown in Figure 2. As already
mentioned, the NACA 65-010 airfoil has been studied in
the blade cascade arrangement.
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Fig. 2. Computational domain and boundary conditions

The computational domain is a parallelogram with
1016 mm x 127 mm sides. The acute angle of this
parallelogram has been 60°, which is because the model
has been prepared for a flow intake angle value of 30°.

Inside the parallelogram, an additional rectangle of
159 mm x 31.8 mm has been built to make the numerical
mesh more dense in close proximity to the 127 mm chord
airfoil. The chord value has corresponded to the chord of
the airfoil used in the experimental study [6]. To the left
edge of the parallelogram (Fig. 2), a velocity-inlet type
condition has been assigned, while a pressure-outlet type
condition has been assigned to the right edge. Periodic
boundary conditions have been assigned to the lower and
upper edges of the parallelogram representing the
computational domain, thus obtaining an infinite flat
blade cascade of airfoils. The model prepared has been
processed by digitising. It has been decided to build a
hybrid mesh. In the boundary layer area, layers of
rectangular elements have been modelled, and the
remaining area has been digitised by using triangular
elements. In total, a set of 17 numerical meshes have
been built, by varying in the number of elements, the
number of layers of prismatic elements and the height of
the prismatic elements, resulting from the chosen value
of the parameter ‘wall y+’. This approach has been used
to analyse the influence of the mesh parameters on the
results of the numerical simulations. These are discussed
later in this article. Figure 3 shows an example of a
numerical mesh. For the suitably prepared numerical
meshes, a series of simulations have been run with the
following flow conditions:

Velocity-inlet: 28.956 m/s;
Pressure-outlet: 0 Pa;
Reference temperature: 300 K;
reference pressure: 101325 Pa.

III. Influence of the Meshes

on Numerical Results

In order to analyse the influence of the mesh
parameters on the results of the numerical simulations,
the case of flow around a blade cascade composed of
NACA 65-010 airfoils has been selected for the flow
intake angle B1=30° and the angle of attack a=3°. It has
been assumed that numerical simulations would be
performed for the Spalart-Allmaras (S-A) turbulence
model. Figure 4 shows a comparison of the lift
coefficients obtained by using the numerical method,
with a variable number of mesh elements, and the
experimental method. The meshes contained no prismatic
elements in the boundary layer region, and the
determined wall y+ value varied between 1.77+26.65,
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with smaller wall y+ values obtained for meshes with
more elements. Based on the results obtained for the lift
coefficient, a negligible effect of the number of mesh
elements on the values C; could be recognised. The
numerically obtained values of the lift coefficient for
meshes differing in the number of elements are in the
range 0.073 — 0.076. Values of the C; coefficient closer to
the experimental value have been obtained for meshes
with a larger number of elements. At the same time, it is
important to state that satisfactory agreement has been
obtained between the numerical and experimental results.

For meshes characterised by a preset number of
elements (Fig. 4) and the previously mentioned wall y+
values, the drag force coefficient has been also read, as
shown in Figure 5. In this case, it is clearer that for
meshes characterised by a smaller number of elements (<
100,000), the values Cq significantly exceed the value of
the drag force coefficient obtained in the experiment.

For meshes below the number of elements 100,000,
the obtained values of the Cu coefficient are close to the
value of 0.015 with the value of 0.0126 obtained in the
experiment.

Fig.

3. A numerical mesh example
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For meshes with more than 100,000 elements, the
values C; have been close to the value obtained
experimentally in the wind tunnel [6], while it should be
recognised that for the 2D case and the developed model,
meshes with more than 1,000,000 elements have been
already very large in the context of the numerical tests
performed. Figure 6 shows the results of the flow-turning
angle of air through the blade cascade model. In [6], the
flow turning angle has been measured with a claw-type
yaw head at a distance of 1 to 3 chord values of the
airfoil behind the airfoil. For the numerical simulations,
it has been decided to read the value of the flow turning
angle at a distance of two chords from the trailing edge
of the airfoil. In the case of the airflow turning angle, it is
clear that the numerically obtained values have deviated
significantly from the experimentally obtained value. It
should also be noted that the number of mesh elements
have not significantly affected the readings of the flow
turning angle.

The values of the flow turning angle, determined
numerically, range from approximately 1.77° to 1.88°.

According to [6], for the angle of attack a = 3°, the
airflow turning angle has been 2.37°. The cases analysed
above should be considered as absolute differences
between the experimental and numerical results. In order
to identify properly differences in the results, relative
differences should be considered. Table I lists the values
of the relative differences of the C;, Cs and 6 results
obtained numerically compared to the experimental
results [6].
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Fig. 6. Turning angle values as a function
of the number of mesh elements

TABLE1
RELATIVE DIFFERENCES IN NUMERICAL VALUES OF C;, C; AND 0
FROM EXPERIMENTAL RESULTS FOR DIFFERENT NUMBERS
OF MESH ELEMENTS

Number of mesh elements 8Ci 8Cq 50

[-] [%] [%] [%]
15811 1124  17.12 2094
16739 11.21 1837 23.74
18251 1041  20.14 23.95
21307 10.22  19.51  24.03
28175 11.02  17.58 24.67
47343 11.77 18.19 2491
112630 11.71 9.65 2532
973311 9.35 598  23.89
3559272 8.81 1.78  23.78
3633180 8.58 030 23.77
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From the differences in numerical versus experimental
results in Table I, it can be seen that as the number of
mesh elements increases, the relative differences in the
values obtained C;, Cs decrease. The smallest
discrepancies have been obtained for a mesh with
3,633,180 elements. For the numerical mesh constructed
in this way, the difference in the lift force coefficient
results obtained numerically and experimentally has
amounted to 8.58%. In the case of the drag coefficient,
the difference in results is only 0.3%. This has not
applied to the value of the airflow turn angle, where,
irrespective of the number of mesh elements, the
differences between the experimental and numerical
results have ranged from 21% to 24%. In the next step, it
has been decided to analyse the impact of the number of
layers of rectangular elements in the boundary layer area
on the results of the numerical simulations. For this type
of analysis, a mesh of 112,630 elements has been built,
for which 1 to 7 layers of rectangular elements have been
modelled. A mesh of this number of elements has been
chosen because of its reasonable size in the context of 2D
simulation for the chosen size of the computational
domain (Fig. 2). Obviously, this approach has increased
the number of mesh elements slightly, with the resulting
wall y+ value being less than 1 for all cases considered.

A set of charts comparing the numerical and
experimental results of lift coefficient, drag coefficient
and flow turning angle as a function of the number of
layers of rectangular elements is shown in Figs. 7-9.
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From the results shown in Figs. 7-9, it can be deduced
that as the number of layers of rectangular elements in
the boundary layer area has increased, the difference in
the Cu values obtained numerically and experimentally
has decreased.

It appears that for the rectilinear blade cascade case in
question, the optimum solution would be to create 4
layers of prismatic elements. With these mesh settings,
the numerical and experimental results have been almost
identical. In the case of the results of the lift force
coefficient and the flow turning angle, it can be
recognised that there has been no influence of the
number of layers of rectangular elements in the boundary
layer area on the values of the results obtained. It can be
stated that regardless of the number of rectangular
elements in the area of the boundary layer, the values of
the lift coefficient and the turning angle, obtained
numerically, remain unchanged. The above statements
are confirmed by the absolute difference values of the
experimental and numerical results in Table II. Similar
flow simulations have been performed for meshes
characterised by the desired wall y+ 30 and 60.

However, the obtained values of C;, Cs and 6 have
been far from the experimental values. Moreover, an
additional adaptation in the boundary layer area,
consisting of an additional subdivision of the rectangular
elements in this area, has not improved the numerical
results. Hence, they are not presented in this article. For
all the calculation cases analysed above, the differences
between the experimental and the numerical results are
primarily to be found in the experimental method
discussed in [6].

TABLEII
RELATIVE DIFFERENCES IN NUMERICAL VALUES OF C;, C; AND 6 FROM
EXPERIMENTAL RESULTS FOR DIFFERENT NUMBERS
OF MESH ELEMENTS

Number of prismatic layers 8Cr dCu 50
[-] []  [%]  [%]
1 870 427 2352
2 849 130 23.57
3 8.63 1.13 23.70
4 8.52 020 23.74
5 9.03 0.61 24.05
6 8.62 1.85 2395
7 8.57 2.58 2398
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Among other things, this method does not take into
account the degeneration of C; values due to the viscosity
of the fluid. The numerical method has taken into
account the influence of viscosity on the values of the
aforementioned aerodynamic coefficients according to
the chosen turbulence model.

IV. Influence of the Turbulence Models

on Numerical Results

After positively verifying the influence of the mesh
parameters on the results of numerical simulations of
flow through a rectilinear blade cascade, it has been
decided to determine the characteristics of the NACA 65-
010 airfoil cascade for flow intake angle B1=30° and
solidity 6=1, by using a mesh with a total of 112,630
elements and 4 layers of rectangular elements in the
boundary layer area. Flow simulations have been carried
out in the range of attack angles a=-4° to 14° for the
following settings:

- Solver options: double — precision;

- Solver type: Pressure — Based;

- Time: steady;

- Turbulence models: Spalart — Allmaras (S-A) and

SST k-o.

The experimental values have been read for the angles
of attack given in [6]. Two turbulence models have been
chosen to test the impact of their application on the
results of the numerical simulations. Both the S-A model
and the SST k-o model are widely applied in the
numerical solution of aecrodynamics of flying objects and
turbine machines [30], [31]. Figure 10 shows a
comparison of the characteristics Ci=f(a) obtained
experimentally and numerically. From the characteristics
shown, there is a satisfactory agreement between the
numerical and the experimental results, especially in the
low angle of attack range. In the range of attack angles
0=0° to 6°, the numerical results almost coincide with
the experimental results. It should be noted here that
airfoils in the rectilinear blade cascade operate at
relatively low attack angles, which prevents the
phenomenon of detachment of the boundary layer. The
occurrence of detachment of the boundary layer during
the operation of an axial flow machine may lead to
unstable operation. As the angle of attack has increased,
the numerical results have begun to diverge more
significantly from the numerical results. Differences can
also be seen in the slopes of the C/=f(a): the experimental
curve had a smaller slope angle than those obtained
numerically. This could be because the curvature of the
airfoils used in the experiment has differed from those
mapped in CAD for the numerical simulations.

Differences in experimental and numerical results for
Cr=f(a)) could also stem from the accuracy of the reading
of the experimental values. There has been no significant
effect of the adopted turbulence models on the results of
the numerical simulations. The values of C/=f{a) for both
turbulence models have coincided. In addition, Table III
shows the numerical values of the lift coefficient.

Copyright © 2023 The Authors. Published by Praise Worthy Prize S.r.1.

148

06
Gl
05
04
03

02

0.1

10 12 1424

—B— Experimental
©— Numerical S-A
—&— Numerical SST k-w

-0.3

Fig. 10. Characteristics of C;=f{o)) NACA 65-010 airfoil cascade
for B1=30° and =1

TABLE III
NUMERICAL VALUES OF THE LIFT COEFFICIENT OBTAINED
IN THE EXPERIMENT AND NUMERICALLY

o Clexp Cisa Ci ssTko
] [-] [-] [-]

-3 -0.165 -0.1860 -0.1854
0 -0.04 -0.0531 -0.0525
3 0.085 0.0762 0.0770

5 0.15 0.1595 0.1605

8 0.26 0.2777 0.2786

11 0.345 0.3829 0.3836

14 0.43 0.4585 0.4609

Figure 11 shows a comparison of the characteristics of
Ca=f(a) obtained experimentally and numerically. In this
case, almost identical results to those reported in [6] have
been obtained by using the S-A turbulence model. This
applies to the entire range of angles of attack considered.

In the case of the SST k- turbulence model the drag
force coefficient values obtained have been
underestimated compared to the experimental and
numerical data from the S-A model. It can be concluded
that the characteristic Cs=f{a) obtained using the SST k-
o turbulence model is shifted in parallel towards lower
Cq values compared to the characteristics determined for
the S-A turbulence model. Therefore, it can be stated that
when determining the characteristics of the drag
coefficient of airfoils in the rectilinear blade cascade,
calculations can be made by using the S-A turbulence
model, provided that relatively small angles of attack and
no detachments of the boundary layer are involved. Table
IV shows the numerical values of the drag force
coefficient obtained from the numerical tests and read
from [6]. The last set of characteristics determined has
been those of flow turning angle as a function of the
angle of attack. This angle has been read at a distance of
two chords from the trailing edge of the airfoil. The
characteristics are shown in Figure 12. In this case, too,
satisfactory agreement between the experimental and the
numerical results has been obtained, with the numerically
obtained characteristics of #=f{a) being virtually parallel-
shifted, relative to the experimental characteristics,
towards lower values of the flow turning angle.
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Fig. 11. Characteristics of Cs=f(0)) NACA 65-010 airfoil cascade
for $1=30° and o=1

TABLE IV
NUMERICAL VALUES OF THE DRAG COEFFICIENT OBTAINED
IN THE EXPERIMENT AND NUMERICALLY

o Ca exp Casa Ca ssTko
[°] [-] [-] [-]
-3 0.014 0.01417 0.01268
0 0.013 0.01313 0.01185
3 0.0125 0.01259 0.01132
5 0.0128 0.01236 0.01116
8 0.0125 0.01251 0.01145
11 0.0145 0.01388 0.01312
14 0.021 0.02116 0.01963
14
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Fig. 12. Characteristics of 6=f{a) NACA 65-010 airfoil cascade
for $1=30° and =1

TABLEV
NUMERICAL VALUES OF THE DRAG COEFFICIENT OBTAINED IN THE
EXPERIMENT AND NUMERICALLY

o 0 exp 0.sa 0 ssTko
[°] [°] [°] [°]

-3 -34 -3.73 -3.74
0 -0.4 -0.95 -0.96
3 2.4 1.81 1.81
5 4 3.64 3.64
8 6.6 6.32 6.32
11 9.3 8.84 8.84
14 12 10.84 10.87

From the presented characteristics 6=f{a), this shift is
characterized by a constant value over the entire range of
analyzed angles of attack. There has been no significant
effect of the adopted turbulence model on the flow
turning angle values obtained. The characteristics of
0=f{a) have coincided between the S-A and SST k-o
turbulence models. Table V shows the numerical values
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of the flow turning angle obtained in the numerical tests
and read from [6].

V.

This paper presents a methodology for the numerical
determination of aerodynamic characteristics of airfoils
in a rectilinear blade cascade arrangement. The
methodology is demonstrated by using the example of a
blade cascade formed by NACA 65-010 airflows for flow
intake angle B1=30° and blade cascade solidity 6=1. An
approach to building a blade cascade model and an
analysis of the effect of hybrid numerical mesh
parameters and turbulence models on flow simulation
results is shown. The obtained values for lift coefficient,
drag coefficient and flow turning angle have been
compared to the experimental data provided in [6].

In terms of the analysis of the influence of mesh
parameters on the results of numerical simulations, a
significant effect of the number of mesh elements on the
drag force coefficient values obtained has been
demonstrated. It can be concluded that, for properly
modelled meshes, the number of elements does not affect
the numerically determined values of lift coefficient and
flow turning angle. The modelling of rectangular
elements in the boundary layer area has a greater impact.

However, it should be noted, as demonstrated in the
body of this paper, that an increase in the number of
layers of rectangular elements does not necessarily
translate into an increase in the accuracy of the results
obtained. In terms of the influence of turbulence models,
it has been shown that for the airfoil characteristics in the
blade cascade, Ci=f(a) and 0=f(a), regardless of the S-A
or SST k-o model used, the results have not been
significantly different. In the case of the Ci=f(a)
characteristics, it has been shown that the S-A turbulence
model has allowed numerical results almost identical to
experimental results. The use of the SST model k-® has
resulted in a significant underestimation of the drag force
coefficient obtained compared to experimental data.

In summary, it is possible to determine numerically
the aerodynamic characteristics of blade cascade airfoils
for the design process of axial flow machines.
Geometrically simple blade cascade models and meshes
characterised by a relatively small number of elements
can be used successfully for this purpose. The study
shows that it would be sufficient to create 3 to 5 layers of
such elements. At the same time, the Spalart-Allmaras
single-equation turbulence model can be used for the
numerical determination of airfoil characteristics in a
rectilinear blade cascade arrangement consistent with
experimental data.

Conclusion
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