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APPROXIMATION OF BLADES OF RADIAL MACHINES
WITH MULTIPARAMETER FAMILY OF SMOOTH SURFACES

Purpose. Development of a mathematical model for creating the spatial forms of blade devices of rotating radial dynamic blade
machines.

Methodology. An approach to the development of a mathematical model of blade profiling of radial dynamic blade machines,
as parts of power plants, air-jet engines and fuel component supply systems of rocket engines, has been suggested. The approach is
based on a physical model of the working body flow over helical surfaces.

Findings. A system of equations for describing the blade of a radial dynamic blade machine of any purpose as a family of smooth
surfaces has been obtained. A multi-parameter correction of the shape of the smooth surface of the blade, accounting for the
change in geometric data, based on input and output parameters of the blade, has been developed. Based on a review of modern
technology samples, possible configurations of the spatial shape of the blade of the radial and radial-axial type, geometric factors
affecting the surface of the blade being created are taken into account. The possibility of obtaining a multi-level blade apparatus by
changing the conditions of the geometric parameters at the entrance is shown.

Originality. As part of the developed approach, in relation to the conditions for ensuring the calculated geometric parameters
and the working process conditions of the blade machine, blade machines operating on compressible and non-compressible work-
ing bodies are considered. In particular, the possibility is shown of ensuring the construction of the spatial surface of the blade of
the impellers of radial blade machines with a wide range of angles of the blades at the entrance and exit using smooth surfaces.

Practical value. The use of a developed mathematical method allows you to perform the profile of rotating vane devices for radial
vane dynamic machines of various purposes, such as centrifugal pumps and compressors, centrifugal radial turbines, as well as diago-
nal type vane machines. The practical significance of the obtained results is determined by the use of dynamic radial vane machines in

aviation and rocket technology, aggregates of the mining industry, and technological devices of chemical industry enterprises.
Keywords: helical surface, vane, free edge, disk, profile, movement, coordinate system, equations

Introduction. The wide use of bladed machines for various
purposes in engineering determines the relevance of their design
methods, which include profiling methods of impeller blades. In
the modern theory of radial-type dynamic vane machines, three
main methods of vane profiling are used: 1) direct or geometric;
2) reverse, or hydro-gas dynamic; 3) optimization.

In the direct method, the shape of the vane from the inlet
to the outlet of the impeller is defined by some class of surfaces
with free parameters. The flow of the working body, under the
imposed physical boundary conditions, is thus completely
parametrically determined; therefore, by changing the values
of the free parameters, it is possible to select the determining
indicators of the impellers to ensure the work process in them.

Similar methods for designing technical devices are wide-
spread, for example; let us point to the description of the sur-
faces of gear wheels of mechanical transmissions by multipa-
rameter families, which is presented in the work by Litvin F. L.,
Fuentes A., Gear Geometry and Applied Theory 2"ed., 2004.

In the inverse method, the spatial shape of the vane is giv-
en as the current surface of a known flow. Classes of exact so-
lutions of model equations (Euler, Navier-Stokes, etc.), as a
rule, depend on free parameters, and are quite numerous. In
this way, it is possible to choose the movement of the working
body and, accordingly, the shape of the blades for the required
indicators of the impellers.

In the optimization method, the movement of the working
body and the shape of the blades, which provide the specified
indicators of the impellers, are found together. As an example,
this is shown in the works by Yershov S.V., Yakovlev V.A.
Aerodynamic Optimization of Spatial Shape of Steam and
Gas Turbine Blading, 2008, and Lampart P., Ershov S. Direct
Constraint Computational Fluid Dynamics Based Optimiza-
tion of Three-Dimensional Blading for the Exit Stage of a
Larger Power Steam Turbine, 2003.
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Note that in fact optimization is nothing more than a com-
bination of direct and inverse methods, as shown, for example,
in the work by Kvasha Yu.A., Melashich S.V., On the joint
solution of the direct and inverse problem of gas dynamics of
compressor grates, 2008.

Unsolved aspects of the problem. For dynamic, radial blade
machines operating on compressible and incompressible flu-
ids, different methods for constructing blade profiles are used,
but all these methods have a common part, which consists in
the proper description (approximation) of the surface of the
blade. Even in the inverse method, which allows you to take
the known surface of the flow for the surface of the vane, the
task of approximation in one form or another is present. In-
deed, the flow surface, as a component of the exact or approx-
imate solution of the model equations (Euler, Navier-Stokes,
etc.), can be written in a very complicated way, for example,
with the help of special functions, which will cause great diffi-
culties in the manufacture of the vane, if only not approximate
the latter by some family of smooth surfaces.

These circumstances determine the need to develop a gen-
eralized method of describing the surface of the blade of the
impeller of radial blade machines.

The object of research is smooth helical surfaces.

The subject of the study is blade machines of the radial dy-
namic type.

The purpose of the work is to describe the spatial shape of
the blade of a radial dynamic blade machine by a multiparam-
eter family of smooth surfaces.

Literature review. In work [1], an overview of the methods
for profiling blades of radial vane pumps when designed is
given. It is indicated that even now there is a rather limited
number of publications regarding the explanation of the design
procedure of the blade profile of the radial type. Thus, there
are certain difficulties in the actual process of obtaining the
spatial shape of the blade, and there is a need for secondary
design to ensure the required performance characteristics. In
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this article, an attempt is made to give a step-by-step method-
ology for designing the profile of a radial type blade.

The geometric method for creating a blade profile of a ra-
dial turbomachine has been developed and is quite widely pre-
sented in the work by, for example, Dr. Ing. B. Eckert Axi-
alkompressoren und Radialkompressoren. Anwendung. Theo-
ry. Berechnung. 1959. In this work, the meridional section of
the impeller is calculated based on the determination of the
parameters of the averaged flow, which is calculated for the
average values of the parameters at the intersections of the flow
meridional part, for which the presence of expansion and con-
traction zones is excluded in order to minimize energy losses
in it. At the same time, the profile is created in such a way as to
ensure the known law of change in relative and meridional ve-
locities in the interscapular channel. For the geometric meth-
od, the most common is the use of an arc of a circle to create
the meridional contour of the radial blade.

The work [2], which is essentially an example of an optimi-
zation design method, is devoted to the study on the character-
istics of the impeller by developing a blade profile using an arc
ofacircle to form its edges, as well as a point method performed
using CFD analysis of the blade profile of the impeller for di-
rect and reverse. The impeller blade profile was designed and
analyzed using SolidWorks Flow Simulation. Numerous stud-
ies have been conducted using the k-€ model of turbulence.

In work [3], the authors used a parametric equation to de-
scribe the angles of inclination of the blade, after which the
parameters were optimized, taking into account the operating
conditions of the unit. In this work, the inverse problem of de-
signing a centrifugal pump is solved.

The work [4] presents a method for optimizing the blade
profile of a radial blade machine. This method includes blade
profile parameterization, experimental design, and computa-
tional fluid dynamics algorithms. In particular, a non-uniform
cubic B-spline curve was used to parameterize the blade pro-
file. An analysis of the effectiveness of each point of the work
process was carried out based on methods of computational
fluid dynamics, and the problem of blade profile optimization
was solved.

Work [5] is also an example of an optimization method for
designing a radial vane dynamic machine. The influence of the
shape of the blade on the performance of the centrifugal pump
is analyzed and shown by designing the blade profile using the
concentric arc method and the step-by-step design method.
For both methods, the design parameters are kept the same
and the CFD analysis is performed to obtain the highest pump
performance under different conditions and flow parameters.

In [6], a method for creating a blade profile of a radial tur-
bine is proposed, which consists in using fourth-order Bezier
curves to determine the sleeve, body, and blade. The thickness
of the scapula is assumed to vary linearly along the meridional
coordinate and along the height.

In [7], the methods for creating a blade profile, which are
proposed by various authors, are considered, and their critical
analysis is also given. The problems that arise during the con-
struction of the blade profile are noted. The use of the geomet-
ric method is indicated, since the basic relationship for calcu-
lating the radius of curvature, the method of fixing the center of
curvature and the starting point of the arc is not clearly defined
in the profiling procedure. The principle of constructing a
blade profile is to draw an arc of a circle with one radius, using
the calculated angles of the blade at the entrance and exit from
the wheel 3, B, and the corresponding radius R, R,. Next, the
procedure for obtaining the key geometric data of the blade
profile, which is obtained using the arc of a circle, is shown.

In [8], an approach to the formation of the design of the
blades of the impeller is considered, which is based on the
analytical choice of the dependence of the flow change along
the flow line. This approach is implemented in the form of
custom software that allows the user to build a linear drawing
based on the given parameters in the normal mode by design-

ing the blade and calculate the geometric dimensions of the
impeller. It is indicated that the method used has been tested
and confirmed by a physical experiment. The meridional
shape of the impeller is defined by several Bézier curves or B-
spline curves for both blade and shroud contours. The con-
tours are divided into three main curves: for the entrance, for
the blade and for the diffuser. Coordinates of control points,
and geometric parameters that can be changed, modify the
meridional direction.

In [1], it is noted that the geometric methods available for
designing impeller blades with radial flow are as follows: arc
method, double arc method, concentric circle arc method,
and point method. Each of these methods is analyzed in de-
tail, and blade design calculations are performed using the
concentric circle arc method and the point-by-point method.
Based on the vane design methods considered, calculations
are given for the concentric circle arc method and the point-
by-point method for the pump parameters that provide the
greatest efficiency.

In [9], the meridional shape of the impeller is determined
by several Bézier curves or B-spline curves for both contours of
the bushing and casing. The geometric parameters could be
changed by the optimization program to modify the meridio-
nal passage of the interscapular channel. In total, the meridi-
onal shape is controlled by 11 parameters, and upper and
lower limits are defined for each parameter.

We will show an example of an analytical method for creat-
ing a spatial part of a radial turbomachine, for example, in
work [10]. The detailed aerodynamic design of the rotor blades
uses a general pipeline design system using a polynomial Bezi-
er curve, which is also used to estimate the imported sleeve and
shroud curve. It is claimed that this curve is well suited for cre-
ating a smooth curve of the blade surfaces in the gas pipeline
design process. The suction and pressure sides of the rotor
blade in the sleeve and casing can be calculated using a system
of equations, which are the equations of the helical surface. By
defining the sleeve and casing contours on the suction and
pressure sides, the intermediate surface coordinates are deter-
mined by connecting the sleeve and casing surface points
along a quasi-normal line.

Thus, it can be stated that the optimization design method
is more widespread in research practice than others. The rele-
vance of conducting scientific research on the creation and
improvement of geometric methods for designing the spatial
shape of the blade of a radial dynamic blade machine is con-
firmed by the insufficiency of research in this field, the ongoing
search for the optimal design method. In combination with the
methods of mathematical modeling of hydrodynamic and gas-
dynamic processes in radial vane machines, geometric meth-
ods for creating the spatial configuration of radial vane ma-
chines constitute a significant part of their design. In addition,
the creation of a universal geometric method for obtaining the
spatial shape of the blade of the impeller of a radial vane ma-
chine, which takes into account the peculiarities of the param-
eters of the blade of the impeller, is an important scientific and
technical task, the solution of which will greatly facilitate the
design process.

Methodology. To construct the blade profile, the results of
the thermogas-dynamic calculation of the impeller parameters
of a centrifugal compressor, radial turbine, or the hydrody-
namic calculation of the centrifugal pump stage are applied
and the following geometric parameters are used: D; — the pe-
ripheral diameter of the blades at the inlet section to the wheel,
D, — the peripheral diameter of the wheel; Dy, — the diameter
hubs of the wheel at the inlet section; Z — the number of
blades; b, — the height of the blades at the inlet section to the
wheel; b, — the height of the blades at the exit from the wheel;
h, — the thickness of the blades at the inlet section to the
wheel; 4, — the thickness of the blades at the exit from the
wheel; 3, — an angle of blades at the inlet section to the wheel;
B,z — an angle of blades at the exit out the wheel. In addition,
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the type of the impeller is selected, as well as the thickness of
the hub /5 on the diameter D, — if the impeller is semi-open,
or the thickness of the cover disk is also specified, if the impel-
ler is of a closed type.

In the Cartesian coordinate system, in the plane (y, z), the
leading edge of the blade and the forming part of the hub,
which forms the flow part in the axial direction, can be de-
scribed by different curves, as shown in Fig. 1.

A quarter of circle or ellipse, hyperbola, or sine curve can
be used to describe the shape of the curve. We will use further
the equation of the ellipse to determine the coordinates in the
meridional plane

{(Z—ZO)T +{(J’—yo)}z -1,
a b

or its particular case, the equation of the circle

(Z—Zo)z+(y_yo)2 _

a2

where y, z are coordinates; a is the semi-minor axis of the el-
lipse; b is the semi-major axis of the ellipse, as shown in Fig. 2.
Fig. 3 shows the coordinate system chosen to build the im-
peller blade model.
Let us take z as the independent variable, then for the de-
pendent variable y we will have

2
R— 1_(1—%]
a

1,

in case of the ellipse and

D,
. Du | b
i i 2
1
Iy
1 b
D v
2 hH
Fig. 1. Scheme of the impeller:
1 — hub contour; 2 — shroud contour
| buc
! bSC
! mr
i H | dsec| Arc
bt

Fig. 3. Impeller in the coordinate system (x, y, z)

Y=Y +\/(az_(z_zo)2)

in case of the circle.

Let us make the following assumptions:

1) the inlet part of the leading edge of the blade is a part of
the helical surface;

2) the output part of the blade is connected with the input
part along a curve, the coordinate representation of which is
performed below;

3) the blade edge at the inlet is a straight line;

4) the spatial part of the blade is a smooth curve;

5) the blade thickness is taken constant.

In the plane z = Const, as shown in Fig. 2, we assume that

=hy n=ly+hy

n=D0,/2; y,=Dp/2,

and we will use the known relations between Cartesian and
polar coordinates as follows

X =rcosQ
y=rsingp (1)

=hy+l, >
¢

where x is a coordinate; r is the radius; 4 is thickness; ¢ is an
angle, to describe the helical line along which the working
body moves when the impeller rotates. In (1), the value of r
depends on the angle , which characterizes the amount of ro-
tation when forming the element during its motion along the
helical surface. For impellers of radial turbines, the angle 3, ;=
=90° can be accepted, and for compressor and pump impel-
lers, as is known, it varies in wide ranges as — 120° > 3,5 > 60°.

Consider the line of intersection of the helical surface of
the blade with the bearing disk, in the plane z = Const. The
trace of this line in the plane z = z; = Az is shown in Fig. 4.

Let us write the equation of this line in the form

) 0, 0<x<n 5
x)= ,
7 »(x), r<x<Rcosg, )

where y;(x) describes the curvilinear part of the line in the
form of a second-order polynomial

Vi) =Ag+ A - x+ Ay - X2, (3)

and r; is the coordinate of the point of smooth connection of
straight and curved sections.

Let us introduce the angles describing the properties of the
curvilinear part of the line (3) at the exit from the impeller and
shown in Fig. 4, then the system of equations with respect to
the coeflicients of (3) will take the form

»(x=nr)=Ay+ An + A2 =0
W(x=n)=A+2A4=0 . 4)
V{(Rcos,)= A, +2A,Rcosp, =—ctg(p, —9,)

Fig. 4. Trace of the forming curve of the vane feather at the exit
from the impeller
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In Fig. 4, the angles are: ¢, — the angle between the plane
passing through the axis of rotation and the point of exit of the
blade edge, and the x axis; ¢, — angle 3,5 @3 — is an angle that
complements @, to a right angle.

Having solved the system of equations (4), after evident
transformations we obtain

4y = e =9y) ., h cte(@=9,) .

’ 1 — ’
A Ry
2R[1;—coscle (;{—cosq)lj

A= ctg(p, —¢,)

; :
2R[}'z—cosq>1]

Then, substituting the obtained values of the required co-
efficients (3), we will have the resulting equation of the curvi-
linear part

ctg(p, - r2 X?

y](x):mw{l_,lx_}:
R i—coscp 2

R 1

2
=(r, - x)? M
ZRE’;Q —cos cplj
In polar coordinates, according to (2), the dependence of
the angle on x is determined from the ratio
ctg(o —9,) (7 -x)°

te(p)=2= . ,
2R| L —cos
R (PI\J

from which it follows
ctg(o,—9,) (h— x)?
r,
2R[1‘2 - cosmlj

o(x)=arctg

The equations given above can be attributed to the rise
along the helical surface along the axes x, y, z of the curve de-
scribed by the system of (2) to the point x(r,), y(r), z(r;). After
passing this point, further ascent can be considered as an as-
cent of a straight line, because part of the curve is cut off by the
surface of the free edges of the blades, on one side, and the
carrier disk on the other side. The system of equations for de-
scribing the section z; < z < z, of the helical surface, which is
presented in Fig. 2, can be written like this

x =rcos(e(r)—¢,(r))
y=rsin(e(r)=o,(1)) )

(Ph(Z)Z(P4 X
e —

where o is a parameter.

The parameters and ¢, are entered in the equation for
©,(2) of system (5). Parameter varies within 0 < o <90, charac-
terizes the slope of the blade’s leading edge on diameter D,.
Parameter ¢, determines the magnitude of the rotation angle
during movement along the helical surface from z, to z, in the
x—Yy plane, as shown in Fig. 5.

The angle of rotation forming around the axis of rotation
and the determining bend of the feather of the vane relative to
the initial position can vary in the range from 20 to 60°. When
the surface of the feather blade is being constructed, this angle
can be changed, for example, from 0 to the calculated value.
Let us consider the impellers of radial turbines, when the value
of the angle @, = 0 is kept constant with the coordinate z being
changed to z = b, and with z > b, the angle ¢4 changes from the
value 0 to the calculated value. In this case the surface of the

!\
D,|D,|Dy - — =] /

Fig. 5. The angle of rotation of the forming ¢, with respect to the
z axis

vane feather is obtained, which is shown in Figs. 6, a, b, and
corresponds to the impeller with ;5= 90°.

The same procedure is valid for impellers of centrifugal
compressors with 3,5 =90°.

In order to reduce the angle of attack when the flow of the
working medium hits the edge of the blade, the latter can have
a curved inlet section, as shown in Fig. 6, c. To obtain such a
surface of the blade when raising the forming one along the z
axis, changes in the values of the angle o, first take negative
values up to the point of maximum concavity of the profile
along the height of the blade b,, after which they increase to
the calculated value.

The value of the parameter can be determined by condi-
tions

[a (z—z.)}

d ael @ a

0 ()=, X 1 g, (z=2)=0,——.
dz e*—1 e* -1

The angle of inclination of the blade to the plane of the

hub, as shown in Fig. 7, is determined from the ratio
dz 1 dz 11 (e*-1)
Rde, Rd¢, Ro, o

tg(es)= (6)

An example of the design of the working wheels of radial
vane compressor machines with different angles of inclination
of the vanes is shown in Fig. 8.

Equation (6) with respect to parameter can be solved by
expanding the function into a power series

a b c

Fig. 6. Impellers of centripetal turbines profiled with different
angles of rotation ¢, forming relative to the 7 axis

hy s

Fig. 7. Angle of inclination of the blade to the plane of the hub
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Fig. 8 Impellers of centrifugal compressors with different angles
of inclination of the blade to the plane of the carrier disk @s:

a—s=90% b — @s< 90°

o o of
e‘=l+o+—+—+—..,
2 6 24
where from
e* -1 o o?
=l+—+—+...=,Rtg0;.
o 2 6 P4

The turning angle of the vane feather relative to the axis of
rotation in the meridional plane has small values, therefore, to
find the parameter , we limit ourselves to taking into account
the first three or four terms of the expansion, then the solution
(6) will be reduced to the usual quadratic equation

o+ 30 +6-(1—Ro,tges)=0.

Deciding on o, and highlighting only a positive solution,
we will get

a:\/9—24(1—2R(p4tg(p5)_ .

The resulting system of equations for describing the spatial
configuration of the blade of the impeller of the radial blade
machine of the compressor and turbine types will have the fol-
lowing form

x =rcos(e(r)—¢,(1))
y=rsin(@(r) = ¢,(1))

IC=1R

e*—1 , (7
0, 0<r<p

ox)= arctg[

K <r<Rcosg,

(P;,(Z) =Qy

ctg(o, =)  (-r)’
2R(r;/R-cosg,) r |

The resulting system of equations makes it possible to de-
sign the spatial shape of the blade of a radial-type turboma-
chine.

For example, taking into account the peculiarities of de-
sign, manufacture and testing of impellers, in order to re-
duce the cluttering of the inlet of the impeller of the pump,
and to improve the hydraulic conditions of the flow of the
working fluid, the impellers are shortened in the meridional
direction.

Reducing the length of the blade in the meridional direc-
tion improves the value of the hydraulic efficiency of the im-
peller due to the reduction of hydraulic losses at the entrance.
Which shape of the vane will provide the greatest increase in
the hydraulic and overall efficiency of the pump, and will be
rational, depends on a large number of parameters and fea-
tures of the working process of the pump unit, namely: geo-
metric parameters of the vane on the inlet D, and outlet D,
diameters; presence and parameters of the input rectifier or
axial stage; adjustment conditions, for example, if the input
straightening device can change the flow angle by adjusting the
position of the trailing edge; physical properties of liquid or
gas, and others.

Practice shows that when shortening the blade length to
improve the speed and pressure profile, the edge of the blade
can be either a straight line or a curve, in accordance with
the calculated flow conditions. Moreover, the cutting of the
blade can be performed both on a conical surface and on a
cylindrical surface, which is determined by the constant
value of the diameter D; to the intersection with the bearing
disk, which is the limiting reduction in the length of the
blade.

Thus, it is necessary to find the line of intersection of
the vane feather constructed according to equations (7) and
the forming cone, either a straight one, or with a concave
side surface, or with a convex side surface, whose top is on
the z axis within the length of the impeller /. The cross-
section of the cone and blade of the impeller is shown in
Fig. 9.

Let us note some features of the definition of the surface of
the intersection of the spatial shape of the feather blade and
the cone. As you know, the lateral surface of the cone can have
a forming that provides a convex, concave or no curvature —
which is the case of a normal straight cone.

The base of the cone may not coincide with the plane de-
fined by the coordinate z,, but be between the planes z=z; and
Z=2,, and behind the plane defined by the coordinate z,. The
top of the cone can occupy any position on the 0 — z axis.

As an example, let us assume that the cone with which
the blades intersect is straight, its base coincides with the
plane z= z,, the top is on the z axis and belongs to the plane
z = 7. Fig. 10 shows the intersection of the cone and the
impeller in the plane (y, z), according to the accepted as-
sumptions.

The algorithm for finding the intersection of the cone
and the spatial feather of the blade of the impeller of the
radial blade machine consists in the following sequence of
actions.

1. Let us set the height of the impeller £ = hy + [ and the
diameter of the base of the cone, which is equal to D = D,.

2. Find the position of point G (Fig. 8) as the point of in-
tersection of the forming cone in the plane of intersection of
the elliptical flow part, bounded by the surface of the carrier
disk, which belongs to the carrier disk, forming the cone and
the vane blade from equation (2)

~ S
[/ y Z;
Ay
\\ - o
N ——— —— |
N //
Iz

Fig. 9. Trace of the intersection of the vane blade with the cone
in the x, y, z coordinate system

z bHC
i : DH‘I bSC
; ] i — %
f \
Iy SX G 1dsc| dage
bt
0 ¥y
D, hy

Fig. 10. Trace of the intersection of the vane blade with the cone
in the y—z plane
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(zc_zz) 2+ (yc,_yz) 2:1
a b ’

from which the coordinate y; is determined by the ratio

2
Zg—2 Dz
O N | O [ e B
Yo =) (a} 2 g+,

The z; parameter can be found from the following qua-
dratic equation

2
D\ Dz 72 -22:2, + 22
D)z 5Pi%, 0 ol |20 4 ||
[2)E2 2 £ yi a?

D2_DH1

Giventhatz, = E=hy+1ly, Y,=—2, a=1y, b:T,

let us convert the equation to the canonical form

Z+pz+q=0,
where

2
D D, D,-D
2 Ty 41y )| SR
2 (hy+1y) +(h )[ 2, j
2 2
ety ()
2) (hy+ty) U 2y
2 2 2
ﬁ + M 1+hi -1
2 21, Iy
2 2
g (5
2) (hy 1) U 2y

The roots of the equation can be found using the known
formula

2
polr
2 4
and choosing the smallest of them

2
D D D,-D
> (hH+21H) (s [”)( 2 Hlj

==

H
ZG: -

2 2
[1)]] 1 ' [ 02 ) DHI J
2) (hy+ty) L 2

2
D D D,-D
) (h,,+2/,,) (s l”)[ 221 Hl]

Sy )
) ]
S|

3. Substitute the dependence of the radius of the cone on
the z coordinate

Dz
sO=
into the system of equations of the helical surface (7), from
which we obtain the equation of the intersection of the conical
surface with the surface of the blade of the impeller, which is a
helical surface

x(z) = rg.(z)cos(o(r) — ¢, (1))
¥@)=re (D)sin(e(r)-9,(1)), 7,<z2<z,

JCE=

e 1 O
0, 0<r<p

o(x))= arctg[ ctg(e, —9,) (rl—r)zja
2R(r,/R—cosg,)

R<r<Rcosg,

0,(2)=0,

The equation of the line of intersection of the conical sur-
face with the surface of the impeller blade, which is a helical
surface obtained by rotating around the z — axis by an angle of
¢4 and simultaneously rising relative to the y — axis with re-
spect to its combined line, which is described by (2).

The spatial shape of the vane feather itself will be limited,
as previously accepted, by the surface of the hub and the sur-
face that will define the free edge of the vane, or in the case of
using a closed-type wheel, by the inner surface of the cover
hub. The corresponding radiuses of the outer surface of the
hub and the free edge of the blade, which is a function of the z
coordinate, can be written as

2
D z—h, -1
’ic(2)=72—b1'c’ 1_[1111};

2
D z—hy -1

’SC(Z)=72_bsc' 1_[1inJ-
n~0

4. Let us write the equation of the blade of the impeller,
referring to the equation of the helical surface (8), in which we
consider two areas of change in the z coordinate:

a) if 7; £ 7 < g, then in (8) the values of r defined by the
following limits should be used

ruc(2) £r<rse(2);

b) if 75 < 7 < 7, then in (21) the values of r determined by
the following limits should be used

rs(z) <r<rse(z).

Discussion. In the method being proposed for construct-
ing the blade surface of a radial turbomachine, as an example,
the intersection of the surface of the blade feather with the sur-
face of a straight cone was considered, in order to cut the inlet
edge of the blade for reducing the clutter of the inlet section of
the blade machine, as shown in Fig. 11.

It is possible to use other surfaces other than the surface of
a straight cone. These can be the surfaces of single-cavity pa-
raboloids and hyperboloids or ellipsoids of rotation.

Performing trimming on different surfaces is dictated by
the need and desire to obtain a flow with as uniform a pattern
of relative velocities of the working body as possible along the
height of the vane device in the inlet section of the impeller.

Fig. 11. Centrifugal pump impeller with a tapered inlet edge
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Fig. 12 shows the impeller of a centrifugal pump with an
undercut inlet edge on the surface of a single-cavity hyperbo-
loid of rotation.

The blades of the impellers of centrifugal compressors can
have a spatial shape such that for certain design parameters,
such as angles B, and f3,5, the flow part was limited to blades
that are straight in relative motion, as shown in Fig. 13.

This type of vane profiling is known for centrifugal pumps,
and was used for pumps first stage of the liquid rocket engines,
as shown in Fig. 14.

This organization of the flow part and blade profiles is due
to the fact that the flow of the working body in relative motion
makes fewer turns in the flow part than in the wheel of a tradi-
tional design, as shown in Fig. 13.

The application of this type of impellers is extremely lim-
ited, because with the equality of the relative velocities at the
inlet and outlet of the impeller, the blade device is affected by
the flow of the working medium at the highest values of My,,.
Such impellers usually have a kinematic degree of reactivity
close to 1, and as a result, the theoretical pressure coefficient is
close to 0. When calculating the surface of the profile, in this
case, the forming one, which is described by the equation of a
straight line, carries out an ascent by the z coordinate while
maintaining the value of the angle ¢, = 0.

a b

Fig. 12. Impellers of centrifugal pumps with an undercut inlet
edge on the surface of a single-cavity hyperboloid of rotation

Fig. 13. Centrifugal compressor impeller with a straight blade in
relative motion

Fig. 14. Centrifugal pump impeller with straight blade in rela-
tive motion

In the case when it is necessary to obtain the spatial shape
of the impeller blade of a centrifugal pump or compressor with
B2g>90°, the forming element must have a bend in the direc-
tion of rotation, unlike the case with 3,5 < 90°, as shown in
Fig. 4.

Thus, the proposed multiparameter family of smooth sur-
faces allows describing the blades of radial dynamic machines
as helical surfaces for all possible cases of construction of the
flow part of the impellers of radial dynamic machines, such as
compressors, pumps, and turbines.

Conclusions. As a result of the conducted theoretical re-
search, the following conclusions can be formulated:

1. A multi-parameter family of smooth surfaces is pro-
posed, which allows approximating the helical surfaces of
blades of radial dynamic machines.

2. A feature of the construction of the blade profile of ra-
dial turbines is that at the value of the angle ;5= 90°, rotation
of the forming feather blade along the z axis to the angle of
rotation of the curve ¢4, the turn starts from the coordinate
z = by, and within the limits of the change z, < 7 < 7= b, the
raising of the forming part is carried out without turning rela-
tive to the z axis. This will also be true for the impellers of cen-
trifugal pumps and compressors, in which B, = 90°. At the
same time, in (2), the curvilinear part of the component will
be missing, and a straight line will be used.

3. When constructing the profiles of the blades of the
multi-tiered impeller of the radial blade machine, you should
use the z coordinate change within z;, < z < /. At the same
time, the length of the layer of shortened blades in relation to
the main layer can be taken within /j; =(0.6-0.8)/,.

4. Reduction of the length of the blades at the entrance is
possible not only on the conical surface, but also on the cylin-
drical surface, which is considered as a conical one with an
infinite height, which is characteristic of some impellers of
pumping units.
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Onuc JonaToK paaiajJbHUX MALIMH
daraTomapaMeTpUYHUM CiMENCTBOM IJIAJKHX
NOBEPXOHb

M. O. Kampenko*, B.JI. bopui, O. B. Kyauk

JIHITpOBCHKUI HaLiOHAJTBHMI YHiBepcuTeT iMmeHi Omecs
T'onuapa, m. [IHinpo, Ykpaina
* ABTOp-KOpEeCNOoHAeHT e-mail: bruw@i.ua

Mera. ®opMyBaHHSI MaTeMaTUYHOI MOJIEJ, IO JT03BO-
JISIE CTBOPIOBATU TIPOCTOPOBi (DOPMU JIOITATKOBUX arapartiB
pamiaJbHUX IMHAMIYHMX JIOIMATKOBUX MalllMH, sIKi oOepTa-
FOThCSI.

Metoauka. Po3BUHYTO Miaxia 10 (hOpMyBaHHS TEOPETUY -
HOI MaTeMaTUYHOI MOJei IMpodiTIOBaHHS JIOMATOK pamiaib-
HUX AMHaMiYHMX JIOMMATKOBUX MaIllMH, SIK arperariB eHepre-
TUYHMX YCTAHOBOK, TTOBITPSTHO-PEAKTUBHUX IBUTYHIB i CUC-
TeM IOCTaYaHHSI KOMIIOHEHTIB MajvBa paKeTHUX ABUTYHIB.
PosBuHeHwmit minxin 6a3yeTbest Ha (Bi3WuHIl Momert, 1110 me-
peadayae pyx poOOYOro Tijla y MPOTOYHIM YaCTUHI MiXKJI0-
MaTKOBOTO arapary o TBUHTOBII MOBEPXHi.

Pesyabratn. OTpuMaHa cucTeMa piBHSHb, 11O JO3BOJISIE
OMucaTH JIOMATKy pafiajJbHOI IMHAMIYHOI JIOMATKOBOI Ma-
IIUHU Oyab SIKOTO MPU3HAYEHHSI CIMEMCTBOM TIJIaIKUX IO-
BepxoHb. Po3pobiieHa it BUKOpuUCcTaHa cucTeMa bararorapa-
METPUYHOTO KOperyBaHHs () OpMHU IJ1alKo1 MOBEPXHi Jonar-
KU 3 YpaxXyBaHHSIM OCOOJMBOCTE 3MiHU T€OMETPUYHUX Ja-

HMX, 110 0a3y€eThbcsl HA CTAJIMX BXiTHMX i BUXiTHUX Mapame-
Tpax JionaTku. Ha ocHOBI orjisiny cydacHMX 3pa3KiB TEXHIKU
BpaxoBaHi MOXJIMBI KOH®irypaliii mpocTopoBoi hopmMu Jo-
MaTKU pPafialbHOTO I palialbHO-OChOBOTO THUITY, TE€OMe-
TPUYHi (haKTOPH, 1110 BIUIMBAIOTh HA TOBEPXHIO JIOMATKH, sIKa
cTBOproeThCs. [lokazaHa MOXJIMBICTb OTpUMaHHs OaraTos-
PYCHOTO JIOITaTKOBOTO araparty LUIsIXOM 3MiHUM YMOB reoMe-
TPUYHUX MMapaMeTPiB HA BXO/II.

HaykoBa HoBu3HA. Y paMKax PO3BMHEHOTO IMiIXO1y, CTO-
COBHO YMOB 3a0e3Me4YeHHsT PO3PaXyHKOBUX T€OMETPUUHUX
rmapameTpiB i YMOB poOOYOTro MpoLecy JOIMaTKOBOI MallluHU,
PO3IJISIAAI0THCS JIOMATKOBI MAIIMHU, SIKi MPALIOOTh Ha PO-
0OUMX TijlaX, 10 CTUCKAIOThCS I HE CTUCKAIOThCS. 30KpeMa,
rokKaszaHa MOXJIMBICTb 3a0e3MeYeHHsI To0YA0BU MTPOCTOPO-
BOi IMOBEPXHi JIOMAaTKK poOOYUX KOJIiC paliajibHUX JIOMATKO-
BUX MAlllMH i3 IIMPOKUM /1ialla30HOM KYTiB JIOMATOK Ha BXOi
11 BUXO/li 3 BAKOPUCTAHHSIM [JIAJKUX MTOBEPXOHb.

IIpakTyna 3HauumicTb. BuKoOpuCTaHHSI PO3BMHEHOTO
MaTeMaTUYHOIO METOMY [103BOJIIE BUKOHYBATU MNpodiib
00epTOBMX JIONMATKOBUX arapariB ISl pajiaibHUX JIOMATKO-
BUX JTUHAMIYHUX MAalIWMH Pi3HOTO MPU3HAYEHHS, TAKUX SIK
BiILIEHTPOBI HACOCU 11 KOMIIPECOPH, JAOLIEHTPOBI paliajbHi
TypOiHU, a TAKOX JIOMATKOBI MAIIMHU 1ialrOHAJIbHOTO THITY.
[TpakTyHa 3HAYUMICTb OTPUMAHUX PE3YJIbTATIB OOYMOBIIIO-
€TbCS 3aCTOCYBAHHSIM ITMHAMIYHUX paJiaIbHUX JIOMTATKOBUX
MalllvH B aBialliiiHi# i pakeTHil TexHilli, arperatax ripHU4oi1
MPOMUCIOBOCTI, TEXHOJOTTYHUX MPUCTPOSIX MiAMPUEMCTB Xi-
MiYHOT MTPOMHUCIIOBOCTI.

KiouoBi cioBa: esunmosa nogepxms, aonamka, 6inbHA
KpomKa, ouck, npoghins, pyx, cucmema KoopouHam, pigHsIHHs
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