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Title: BIVALENT AXIAL TURBOMACHINERY

Fig. 3

(57) Abstract: The invention relates to a method for designing the rotor and/or stator profiles of a bivalent axial turbomachinery stage
comprising at least one stator and a rotor capable of rotating around a rotation axis, being said rotor and/or stator including hub, ogive
and many blades with substantially the same shape, each said blade having a minimum blade radius, a maximum blade radius and a
three-dimensional blade profile describable by one or several blade sections, where said three-dimensional blade profiles have blade
sections in the form of two-dimensional aecrodynamic profiles each comprising: a concave side, a convex side, a median segment, a front
edge, a rear edge, a half-thickness, a chord or chord segment, a deflection or camber, which method involves selecting the maximum
positive deflection value, positioning the maximum deflection point between 40% and 60% of the abscissa of the chord, select the
ordinate of the median segment with derivative greater than or equal to zero up to the point of maximum deflection and less than or equal
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BIVALENT AXTAIL TURBOMACHINERY

TECHNICAL FIELD

The present invention relates to the field of continuous fluid
rotary machines and 1in particular in the turbomachinery stage
comprising, 1n addition to a stationary rotating member (rotor), a
fixed member (stator) suitably coupled to the rotor to improve the
overall performance of the machine.

In turbomachinery area, the invention describes a stage that
can operating with high efficiency both in operating and driving

mode with the same configuration.

BACKGROUND OF THE INVENTION

In the literature, examples of 'bivalent' machines are well
known, that is designed to work in both operating and driving modes,
with radial or mixed flow; studies on axial flow machines of this
type are less frequent.

In fans and compressors area, the performance and fluid dynamics
of these machines in drag conditions have recently been studied,
while in the field of axial pumps studies have been carried out on
the possibility of their use as turbines.

At the state of the art, there are unknown solutions of axial
turbomachinery that can operating bivalent with a similarly high
efficiency and conveniently use in applications that benefit from a
single simple device that can act by transferring or withdrawing
kinetic energy of the fluid in which they operate.

Document WO 2015/019597A1 describes a propeller fan designed to
maximize efficiency with respect to operating and driving modes,
wherein the camber line (CLS) of the propeller has a camber line on
the front side which 1is upstream of the wind flow and a line of
camber on the rear which 1is downstream of the wind flow. The
propeller fan has an S-shaped wing in which the lateral camber line
of the front end is formed as a convex arc with respect to the axial
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flow which is the direction of the absolute speed of the incoming
wind, and in the rear of camber line on the final side is formed as
a concave arc with respect to the axial flow direction which is the
direction of the absolute speed of the incoming wind.

This configuration, although efficient, can be improved both in
terms of the blades profile, and through an optional ducting in a
specifically shaped duct to maximize the efficiency of a bivalent
turbomachinery.

The purpose of the present invention 1s to take advantage of
the positive characteristics of a rotor-stator configuration which,
in the operating mode, is crossed by the flow in one direction and,
in the driving mode, by the same fluid but in the opposite direction.

The proposed configuration also has the characteristic of being
able to be inserted in a suitably shaped duct, also part of the
present invention, specifically designed to be combined with the
rotor-stator assembly for operation in a free ambient, being able
to work 1in any case both in operating and driving mode while
maintaining high performance in terms of efficiency in converting
the mechanical energy supplied to the turbomachinery stage into
kinetic energy (when in operating mode) and in converting the kinetic
energy of the fluid that passes through the stage (when in driving
mode) 1s in driving mode.

The invention can be used in many applications. Whenever you
have a fan or an axial pump (or propeller) it is possible to think
about replacing the component with the proposed solution in order
to obtain a bivalent configuration which, in addition to performing
the original functions, allows the use of available energy for power
generation when not engaged for the original purpose; for example,
applications <can be identified 1in artificial snow generation
systems, in industrial fans or pumps, in UAV systems with axial
propellers.

The device described here consists of an axial turbomachinery
stage, assembled of a rotor and stator, which can be used with high
efficiency and in a wide operating range, both with operating and

driving modes.
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Specific attention was paid to operating conditions with free
inlet flow, or without interactions with ducts or other external
bodies that modify the circulating fluid flow.

Further advantages and characteristics of the device according
to the present invention will become clear from the following
description also with reference to the tables of the attached
drawings, wherein:

- Figure 1 shows a representative three-dimensional geometry of
the machine made in accordance with the invention.

- Figure 2 shows a two-dimensional section of a rotor blade and
stator respectively.

- Figure 3 shows an embodiment of a converging-diverging
profiled duct according to the method object of the invention.

- Figures 4 and 5 show a 2D simulation of the flow and pressure
field respectively in operating and engine or turbine mode.

- Figures 6 and 8 show a 3D simulation in a duct of the flow
and pressure field in operation for operating and driving machines,
respectively.

- Figures 7 and 9 show some significant performance values
measured respectively for the operating machine and driving machine.

- Figures 10 and 12 show the current lines that cross the
machine for the operating and driving machines respectively.

- Figure 11 shows the overall dimensional performance for the
fully ducted configuration of an operating machine.

- Figure 13 compares the power coefficient trends Cp as a
function of the 'tip-speed-ratio’.

- Figures 14a and 14b present a potential two-dimensional
section profile of the blade in accordance with the invention.

- Figure 15 shows an exemplary form of a rotor or stator

according to a front view.

Fig. 1 shows a representative 3D geometry of the machine in
content 1, comprising a rotor 12, a stator 11. The rotor is equipped
with many blades 14 essentially identical in shape and arranged
around a hub 15, similarly to the stator with the blades 13. Rotor
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and stator can comprise a tapered shape area, which covers or is an
integral part of the hub known as ogive. In operating mode, the rotor
and stator are crossed from left to right and in the opposite
direction in turbine mode.

In the first case, mechanical power is supplied to the rotor
which, by rotating in one direction, increases the energy (pressure
energy and kinetic energy) of the fluid passing through it. In the
second case, the fluid gives energy to the rotor making it rotate
in the opposite direction.

The configuration of this machine allows to maintain the
following characteristics in both operating modes:

The two-dimensional section shown in fig. 2 introduce a view of
possible two-dimensional stator and rotor profiles thanks to which
the blades offer favourable characteristics which are maintained in
both operating modes:

I) the combined action of rotor and stator tends to cancel the
tangential component of the speed at the outlet, minimizing the
energy lost in the exhaust pipe.

II) the fluid dynamic function of pressure and depression sides,
carried out respectively by the concave and convex side of the rotor
and stator profiles, is efficient both in driving and operating
modes.

The first feature 1is particularly advantageous for 'slow'
machines that operate with free inlet flow.

In fact, in this condition the kinetic energy at the outlet is
completely lost, so its recovery, even partial, allows to improve
the conversion of energy.

In the ideal case where the flow and construction angles
coincide (at the inlet and outlet) of the blades, simple geometric
considerations show that it will ©be possible to use both
characteristics mentioned above, keeping the rotor speed unchanged
in the two modes.

In the usual case where fluid dynamic and constructive angles
differ, to benefit from the two characteristics, it will be necessary
to consider the incidence and deviation angles of the two modes.

4
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The invention provides for the design of turbomachinery stage
with:

a) different rotation speeds for the two operating modes.

b) distributions of solidity (ratio pitch/chord of the array
blades) and constructive angles of the efficient profiles in both
operating conditions.

The invention achieves the scope with a method for the design
of rotor and/or stator profiles of a bivalent axial turbomachinery
stage comprising the steps of:

- select the maximum positive deflection value.

- arrange the maximum deflection value between 40% and 60% of
the chord abscissa.

- select the ordinate of the median segment with derivative
greater than or equal to zero up to the point of maximum deflection
and less than or equal to zero after the point of maximum deflection.

- place the point of maximum half thickness between 40% and 60%
of the abscissa of the chord.

- select the radius of the front edge and the rear edge with

values greater than or equal to 3% of the length of the chord segment.

In a first embodiment there is the further step of selecting
the half-thickness with derivative greater than or equal to zero up
to the point of maximum half-thickness and less than or equal to
zero after the point of maximum half-thickness.

In a preferred embodiment, the parameters of the method are
selected 1in such a way that the profile resulting from the
application of said method has a symmetrical conformation with
respect to the middle of the chord, a configuration that brings
advantages in terms of 1ift and high efficiency over a wide operating
range (otherwise a wide range of the inlet flow angle) both in
turbine and operating machine operation. In particular, the symmetry
with respect to the axis passing through the mid-chord point is
obtained by setting the point of maximum deflection and the point
of maximum thickness on said symmetry axis, or by setting the point
of maximum deflection and maximum thickness at the 50% of the
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abscissa of the chord segment.

In a further embodiment, the invention comprising the steps of:

- define the number of blades making up said rotor or stator
distributed along a concentric circumference to the rotation axis
of said rotor or stator.

- defining the wvalue of the maximum radius of said rotor or
stator and the value of the minimum (152) and maximum (153) blade
radii for said rotor or stator.

- didentify a Dblade section (1551, 1552, 1553) obtained by
intersection of said blade (155) with a surface of revolution and
in particular cylindrical (1541, 1542, 1543) of a solid of revolution
arranged coaxially to the rotation axis (151) of said rotor and/or
stator, being said surface defined by a specific radius value (rl1541,
r1542, r1543) for each point of the axis of the surface of revolution
and therefore being said section of blade (1551, 1552, 1553) obtained
by intersection of said blade (155) with said surface of revolution
at a radial distance coinciding with the radius of the surface of
revolution.

- defining a discrete number of said blade sections (1551, 1552,
1553) having defined a corresponding discrete number of said radius
values of said surface of revolution (rl1l541, rl1542, r1543), said
radius values being between said minimum (152) and maximum blade
radius (153) of said rotor or stator for each point of the axis of
rotation;

- report for each of said sections and for each blade a two-
dimensional aerodynamic profile (140) whose keying or angular
orientation respect to the radial axis of said surface of revolution
and whose dimensions, given the same shape, assume predetermined and
varied values according to the reference section;

- 1interpolating between the shapes of the various sections the
sald two-dimensional airfoils of each blade by means of
computer-assisted processing to define the three-dimensional
surface representative of the blade itself where the said two-
dimensional airfoils represent the sections of each blade;

the said two-dimensional aerodynamic profile having a
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symmetrical conformation respect to the axis (147) orthogonal to the
chord segment (141) and passing through the midpoint (148) of the
sald chord segment.

In this non-limiting embodiment, the construction of the two-
dimensional aerodynamic profile is achieved by defining its median
segment and the corresponding thickness distribution by points. The
points of the extrados (convex side) and of the intrados (concave
side) corresponding to each point of the median segment are obtained
respectively by adding and subtracting the half thickness, along the
normal to the median segment.

In a one-way turbomachinery (designed to be crossed by flow in
one direction only), the airfoils are characterized by a leading
edge and a trailing edge (where the leading edge is the first to be
encountered). from the fluid passing through the blades, in the
machine object of the present invention, the leading edge 1in
operating mode becomes the trailing edge in turbine mode and vice
versa. The bidirectional profile with deflection as defined allows
to obtain better efficiency over a wide range of flow rate/working
pressure and further advantages are obtained by using profiles with
symmetrical geometry with respect to the mid-chord point, that is
symmetrical with respect to a normal axis to the chord and passing
through the midpoint of said segment.

In particular, for this virtual prototype, the profile of figs.
14a and 14b has been defined. In these figures it is possible to
observe the resulting profile 140, for which the median segment 142
is conceived defined as an equidistant segment between the back 143
also known as the convex or extrados side and the belly 144 also
known as the concave or intrados side.

The chord 141 or chord segment is a straight segment that joins
the ends of the median segment; in the profile of figures 14a and
14b it is also possible to identify the front and rear edges 145 and
146 which in the profiles of blades for single use (only operator
or only tractor) alternatively take the name of leading edge or
leading edge and outlet or trailing edge depending on the flow of
fluid passing through the stage. In this text, reference will be
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made to the front edge 145 and the rear edge 146 but since the
invention is aimed at a bivalent machine, the path of the fluid and
therefore the role of the profile edge depends on the mode of
operation.

In figure 1l4a a Cartesian reference system XY 1is introduced
where the abscissa axis is superimposed on the chord segment 141 and
the origin of the axes coincides with the front edge 145. The axis
147 of the chord segment is also identified which passes through the
midpoint 148 of said segment and with respect to which the profile
140 is constructed in a symmetrical manner.

In the wvariant of figures 14a and 14b, exemplary and non-
limiting form of the invention, the main characteristics of the
profile used are:

- ratio between the maximum thickness of the profile and the
length of the chord equal to 0.1;

- distance between the median segment and the chord segment not
exceeding 4% of the chord length for each point of said line;

- angle between the median segment 142 and the front edge 145
equal to 9 sexagesimal degrees corresponding to an entry angle of
9°;

- angle between the median segment 142 and the rear edge 146
equal to -9 sexagesimal degrees corresponding to an exit angle of -
9°;

- radius of both edges equal to 4.5% of the chord.

The specific profile used for the wvirtual prototype is to be
understood as representative of the symmetrical profile category
described above.

The geometry of the rotor and stator is created by defining the
number of blades, the minimum and maximum radii and the Dblade
sections with the procedure described above (2D profiles wind up on
cylindrical surfaces). For each blade section the following are
assigned:

- the radius of the section.

- the length of the profile (chord);

- the angle (keying) with respect to the tangential direction.

8
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The values used in the design of a possible and not unigque
implementation of the rotor and stator are shown in the following
tables. In other implementation variants, both the ratio between the
minimum and maximum diameter and the chord and angle distributions
may change according to the performance of the machine.

A possible embodiment provides that in the realization of a
turbomachinery stage 1in accordance with the method object of the
invention the following specific parameters are used:

- for the rotor:

Radius Chord Keying
[cm] [cm] [°]

20 12.6 73.3
30 10.1 49.0
40 8.4 37.0

- for the stator:

Radius Chord Keying
[cm] [cm] [°]

20 10.9 66.3
30 11.3 76.3
40 11.7 81.6

The dimensions of this particular embodiment have been used for
the theoretical verification of the performance of a stage in
accordance with the present invention but must not be considered as
limiting the potentiality of the method of producing bivalent
turbomachinery with high efficiency both in operating mode that
driving and in different operational contexts such as for example
use in air or water.

The machine described can be installed in the duct of a plant,
or in a 'free ambient, where the machine is crossed by an external
flow (for example in the case of a wind turbine) or sucks in flow
from the outside (for example in the case of a fan).

In order to improve the performance of the machine in the second
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case, a converging-diverging profiled duct has been studied as shown
in figure 3 which allows an adequate recovery of static pressure at
the exhaust pipe, presenting a section 31 with a section that narrows
as 1t approaches the rotor, a section at constant section 32
containing the rotor and stator and a section 33 with a section which
increases away from the stator. The conformation of these sections
is an object of invention and will be described below.

In order to verify the applicability of the foregoing and to
arrive at the definition of a first wvirtual prototype, numerical
RANS simulations were used using ANSYS software.

The study carried out was supplied by an appropriate sensitivity
analysis of the results to the size of the calculation grid. The
main results of interest are presented below.

The fluid considered in all the work is air under standard
conditions although it is expected that the turbomachinery can also

operate with incompressible fluids such as water.

Two-dimensional preliminary analysis

A first check was made on a 2D geometry, defining the Eulerian
energy exchanged by the rotor and using the relation that binds Cp
(coefficient of 1ift), Cr (coefficient of drag), solidity and angles
of the flow, to obtain the geometry of the stator rotor.

The operation of this first geometry was simulated by means of
a numerical solution RANS (ANSYS).

The same fluid speed has been set at the respective inlets,
while the rotation speeds used are 1500 rpm for the operating machine
and 800 rpm for the turbine.

Figures 4 and 5 show the fields of motion and static pressure
for the 2 modes, highlighting how the flow at the outlet is almost
axial (with no tangential component) for both.

For each of the two cases, the corresponding performance was
assessed:

- operating mode, the ratio between the power transferred to
the fluid and the power supplied to the axis.

- turbine mode, the ratio between the power obtained from the

10
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axis and the power available from the fluid.

Three-dimensional analysis in the duct

Considering the 2D case as representative of the medium radius
section, the corresponding 3D geometry was designed, using a code
based on the theory of radial equilibrium developed 1in research
activities.

The following input data were considered:

- external and internal diameters of the machine respectively
of 0.4 m and 0.2 m.

- design speed the same used for the 2D case.

- number of rotor and stator blades equal to 15.

The operation of the 3D rotor-stator was initially simulated in
a 'ducted' configuration, that is by inserting the stage in a duct
and assigning the boundary conditions 1in the inlet and outlet
sections of the duct.

In fig. 6 shows the field of motion which passes through the
operating machine and the corresponding one static pressure field
on the blades.

You can see the rather uniform radial distribution of the static
pressure and, on the leading edge of both blades, the good
positioning of the stagnation point at the front edge of the blade

(index of correct incidence of the flow at the point of

operation).

Performance detected

The graph of Fig.7 shows the dimensionless global performance
of interest:

- ntt = Power transferred to fluid/Power supplied

- Power transferred to fluid = volumetric flow *

(p_total output-p total input) [W]

Power supplied = CQ [W]

- C = torque supplied to the shaft [Nm]

- Q = rotor rotation speed [rad/s]

- total pressure = static pressure + dynamic pressure [Pa]

11
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- nts = Useful power transferred to fluid / Power supplied

- Useful power transferred to fluid = volumetric flow *
(p_static output-p total input) [W]

- yts = (output static p-input total p) / (density * Utip *
Utip)

- ¢ = Va / Utip

- Utip QRtip [m/s]

- Rtip = radius at the apex of the blades [m]
- Va = volumetric flow rate/area [m/s]

o (Rtip2-Rhub2) [m"2]

- Area

- Rhub

hub radius [m]

The total-to-total efficiency (ntt) of the rotor alone and of
the entire machine have maximum values close to or greater than 920%
over a reasonably wide operating range.

The total-to-static efficiency (nts) of the machine serves to
highlight the efficiency of the machine

operate with free discharge (condition in which the kinetic
energy at the discharge is lost).

Since the ideal maximum value of nts is a function of the work
point (example for yYts = 0.0 nts ideal maximum is 0.0), in the graph
the reference values obtained with a 1D model, for a standard machine
equipped with a rotor only operating with ntt = 0.94, have been put
as a reference (red curve).

The comparison with the reference allows to appreciate the good
contribution provided by the stator in the proposed configuration.

In fig. 8 shows the field of motion that passes through the
same machine 1in operation as driving machine (turbine) and the
corresponding static pressure field on the blades.

Also in this mode, it is possible to notice the good radial
distribution of the static pressure and, on the leading edge of both
blades, the good positioning of the stagnation point (index of
correct operation of the profile also in this condition opposite to
the previous one).

Furthermore, as in the operating mode, the reduced tangential
component of the speed is highlighted at the exit which indicates

12
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the high capacity of extraction of work from the incoming flow. Also
for this aspect 1s confirmed the good behaviour seen in the
preliminary 2D simulation.
In the graph of Fig. 9 shows the most important non-dimensional
global performances:
- ntt=Power supplied/ (volumetric flow* (p total output-
p_total input))
- ¢ = load factor = (Supplied power/volumetric flow)/(density
* Utip * Utip)

The total-to-total efficiency (ntt) of the rotor alone has a
maximum value of just under 90%.

The efficiency of the entire machine, considering the high value
of the flow rate coefficient ¢ and the low load coefficient ¢ also
reaches high wvalues.

Even in turbine mode, the machine exhibits a reasonably large

operating range.

3D analysis in a free ambient

Finally, the operation of the machine in a free ambient was
simulated, that is when the ducted turbomachinery stage is powered
by an external flow and discharges in a free ambient. In this case
the computation domain of the simulations is extended with an
external volume that encloses the configuration of machine. This
representation 1is the one that simulates the real operational
situation of the configuration proposal.

The machine was housed inside a duct obtained by revolving an
aerodynamic profile which characteristics, in an embodiment of the
present invention, have been defined as a function of the sesigned
Oulet Area /minimum area ratio and in such a way to reduce the
possibility of flow separation (limiting the curvature of the
profile).

The duct consists of:

1) length with section that narrows as it approaches the rotor;

2) length with constant section, containing the rotor and the

13
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stator;

3) length with section that increases moving away from the

stator.
The surface that delimits the duct from the part of the root of
the blades, in section 1), 1is a spherical cap with a radius equal
to the minimum radius of the rotor blades (that is the radius of the
rotating part of the hub or the root of the blades).
The surface that delimits the duct from the part of the root of
the blades, in section 3), 1is a spherical cap with a radius equal
to the minimum radius of the stator blades (that is the radius of
the fixed part of the hub or the root of the blades).
The surface that delimits the duct from the part of the apex of
the blades (rotor and stator), in sections 1), 2) and 3), 1is obtained
by revolution of a two-dimensional shape or profile around the
rotation axis of the machine. The two-dimensional shape consists of
two portions of aerodynamic profile, used to define the sections 1)
and 3), the ends of which are joined by straight sections.
The portions of the aerodynamic profile are characterized
similarly to what is done for the sections of the rotor and stator
blades, that is by means of average line and thickness distribution.
In one of the possible embodiments of the invention, the two-
dimensional profiles are defined by assigning the median segment and
thickness distribution.
A further detailed embodiment, also not limiting, provides that
the two-dimensional profile used for the section on the side of the
rotor has:
- Length of the chord segment of a value not exceeding 1.5 times
the hub radius and preferably of a value equal to 1.25;

- deflection value lower than 25% of said length of the chord
segment and preferably equal to 24%;

- Maximum thickness equal to 30% of the axial length.

The ratio between the maximum and minimum passage areas of the

duct section 3) is 2.1 (general maximum value 2.5).

In another embodiment, freely combinable with the previous ones

14
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or a combination of them, the two-dimensional profile used for the
section on the stator side has:

- Length of the half chord segment of a wvalue not exceeding
1.25 times the maximum blade radius and preferably of a value equal
to 0.75;

- deflection value less than 20% of said length of the half

chord segment and preferably equal to 18%;

- Maximum thickness equal to 50% of the length of the half chord

segment.

It follows that the ratio between the maximum and minimum
passage areas of the duct section is 1.7 (general maximum value 2.0).

As in the case of the two-dimensional section used to define
the rotor and stator blades, the specific geometry of the duct of
the virtual prototype is an example of the general characteristics
of the machine and does not limit the scope that can include other
embodiments, even freely combines -able to each other.

The simulation of the operating machine was carried out by
inserting it between two separate ambients (typical reference
configuration of test benches for fans according to the reference
standards) .

The simulation of the driving machine (turbine) was done by
placing the machine in a single external ambient.

Fig. 10 shows current lines that cross the machine in operating
mode.

The graph of Fig. 11 shows the dimensionless global performances
which confirm the good behaviour seen for the fully ducted
configuration.

Fig. 12 shows the current lines that cross the same machine in
operation as a turbine (entrance section from the left).

In the latter case, the machine is in fact a wind turbine in an
innovative configuration.

The performances of this configuration can therefore be compared
with the reference trends of the classical rotor configuration of a
horizontal axis wind turbine.

In Fig. 13, the power coefficient trends Cp are compared as a
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function of the 'tip-speed-ratio':
- Cp = Power supplied / (0.5 * Area * Vwind3)
- Vwind = external wind speed [m/s]
- Area = nRtip2 [m"2]

- tip speed ratio = Utip / Vwind

The performance of the machine in question is compared with the
two classic limits for rotors of wind turbines with horizontal axis:
the Betz 1limit wvalue (valid in the absence of a component
circumferential of the outflow) and the corresponding ideal value
obtained considering the circumferential component.

It can be seen (Fig. 13) how the effectiveness of the stator
and of the 'profiled' external duct allow to obtain overall
performances (red curve) that can significantly exceed, over a wide
range of tip-speed-ratio, the ideal 1limit. with circumferential
component at the outlet.

The proposed configuration presents, with respect to the
knowledge on the state of the art, the following innovative
characteristics:

- assembly of rotor (rotor array) and stator (stator array)
component with axial flux inserted in a profiled duct with axial
discharge in a free ambient with reversible operation (operating
machine - driving machine);

- aerodynamic profiles of rotor and stator blades suitably
designed to have good performance in both forward and reverse
operation of the machine;

- ducted wind turbine configuration with stator component
capable of operating in reverse flow as an axial fan.

The previously illustrated checks show how the application of
the present invention allows to realize stages of turbomachinery
capable of operating alternatively by giving energy to the fluid or
being moved by the fluid with near and sometimes more than 90%
efficiency. This undoubted advantage allows the wuse of the
embodiments of the invention in multiple fields of application, for
example 1n combination with a control system, at least one energy
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source and at least one energy storage element, at least one motor
combined with said rotor, one or more sensors, one or more control
members for one or more members for switching the operating mode of
said stage, the control system being involved in the switching of
sald turbomachinery from driving mode to operating mode and vice
versa.

The control system 1s therefore able to read the operating
parameters of the machine combined with one or more preferably
electric motors and, in an automatic or manual manner, activate
suilitable switching devices which vary the mode of the machine. which
can be operated by said motor which absorbs energy from a source or
can operate the commutated motor to generate electrical energy to
be stored in suitable storage systems. This makes the invention
particularly suitable for all applications where the fluid
conditions are not constant but change over time: applications such
as pumping systems, propeller propulsion, renewable energies are

envisaged.
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CLATMS

. Method for the design of rotor and/or stator profiles of a
bivalent axial turbomachinery (1), capable of operating
alternatively in driving or operating mode, said turbomachinery
comprising at least one stator (11) and one rotor (12) rotatable
about a rotation axis, said rotor and/or said stator comprising
a hub (16, 15), an ogive and a plurality of blades (14, 13, 155)
having substantially the same shape, each of the said blade
having a minimum radius (152), a maximum radius (153) and a
three-dimensional blade profile having one or more blade
sections (1551, 1552, 1553),

where said three-dimensional blade profiles have blade sections

(1551, 1552, 1553) in the shape of two-dimensional aerodynamic

profiles each comprising:

- a concave side or intrados (144);

- a convex side or extrados (143);

- a median segment (142) as a set of points corresponding to
the centers of all the circumferences inscribed in said two-
dimensional aerodynamic profile and tangent to the intrados
and extrados lines;

- a front edge (145) and a rear edge (146) as the locus of
geometric points corresponding respectively to the anterior
and posterior ends of the median segment;

- a half-thickness as the distance between said median segment
(142) and said 1intrados (144) or sald extrados (143),
evaluated along the normal to said median segment (142) for
each point of said median segment;

- a chord or chord segment (141), as the segment joining the
ends of said median segment (142);

- a deflection or camber, that is a function representing the
distance that is formed between the said chord and the said
median segment when they do not coincide at the points outside
the respective ends; said two-dimensional aerodynamic profile
being described in a map reference plane (X, Y) by points
representing the median segment (142) between the concave
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side or intrados (144) and the convex side or extrados (143
) of the said profile (140), the chord of the said profile
being superimposed on the abscissa (X) in said map reference
plane and the origin of the axes (0) of said Cartesian plane
coinciding with the end of the chord next to said front edge,

which method is characterized by:

selecting the maximum positive deflection value;

- placing the maximum deflection point between 40% and 60% of
the chord abscissa;

- selecting the ordinate of the median segment with derivative
greater than or equal to zero up to the point of maximum
deflection and less than or equal to zero after the point of
maximum deflection;

- placing the point of maximum half thickness between 40% and
60% of the abscissa of the chord;

- selecting the radius of the front edge (145) and the rear
edge (146) with values greater than or equal to 3% of the
length of the chord segment.

Method according to claim 1 comprising the further step of
selecting said half-thickness with derivative greater than or
equal to zero for abscissa values (X) from said origin of the
axes (o) to the point of maximum half-thickness and less than or
equal to zero for subsequent values of abscissa (X) after the

point of maximum half-thickness.

3. Method according to claim 1 or 2 wherein:

- the maximum deflection point is positioned at 50% of the
abscissa of the chord segment.

- the point of maximum half thickness is positioned at 50% of
the abscissa of the chord segment.

- the wvalue of the radius of the leading edge (145) coincides
with the wvalue of the radius of the rear edge (146);
consequently introducing a conformation of a symmetrical type
with respect to the axis two-dimensional aerodynamic profiles
have a geometrically symmetrical conformation with respect to
the axis (147) orthogonal to the chord segment (141) and
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passing through the midpoint (148) of said segment of chord.

Method according to one or more of the preceding claims

comprising the further steps of:

- defining the number of blades making up said rotor or stator

distributed along a concentric circumference to the rotation

axis (151) of said rotor or stator;

- defining the wvalue of the maximum radius of said rotor or

stator and the value of the minimum (152) and maximum (153)

blade radii for said rotor or stator;

- identifying a section of blade (1551, 1552, 1553) obtained by

intersection of said blade (155) with a surface of revolution
and in particular cylindrical (1541, 1542, 1543) of a solid
of revolution arranged coaxially to the axis of rotation (151)
of said rotor and / or stator, being said surface defined by
a specific radius wvalue (rl1541, rl1542, r1543) for each point
of the axis of the surface of revolution and therefore being
sald section of Dblade (1551, 1552, 1553) obtained by
intersection of said blade (155) with said surface of
revolution at a radial distance coinciding with the radius of

the surface of revolution.

- defining a discrete number of said blade sections (1551, 1552,

1553) having defined a corresponding discrete number of said
radius wvalues of said surface of revolution (rlb41, rl1542,
r1543), said radius values being between said minimum (152)
and maximum blade radius (153) of said rotor or stator for

each point of the axis of rotation;

- reporting for each of said sections and for each blade a two-

dimensional aerodynamic profile (140) whose keying or angular
orientation with respect to the radial axis of said surface
of revolution and whose dimensions, given the same shape,
assume predetermined and varied values 1in function of the

reference section;

- interpolating between the shapes of the various sections the

said two-dimensional aerodynamic profiles of each blade by
means of computer-assisted processing to define the three-
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dimensional surface representative of the blade itself where
said two-dimensional aero-dynamic profiles represent the
sections of each blade; said two-dimensional aerodynamic
profile having a geometrically symmetrical conformation with
respect to the axis (147) orthogonal to the chord segment
(141) and passing through the midpoint (148) of the said chord
segment.

Method according to one or more of the preceding claims further
characterized by the following parameters:

- ratio between the maximum thickness of the profile and the

length of the chord equal to 0.1;

- distance between the median segment (142) and the chord
segment not exceeding 4% of the chord length for each point
of said cord segment;

- angle between the median segment (142) and the anterior edge
(145) equal to 9 sexagesimal degrees;

- angle between the median segment (142) and the posterior edge
(146) equal to -9 sexagesimal degrees;

- radius of both edges equal to 4.5% of the chord.

Method for designing housing ducts for the bivalent axial
turbomachinery stage (1), including stator (11) and rotor (12)
each comprising a hub (16, 15), an ogive and a plurality of
blades (14, 13) each Dblade having a respective minimum and
maximum blade radius, said blades designed in accordance with
the method of one or more of the preceding claims, comprising
the steps of:

- Defining the profile of the rotor ogive and the stator ogive;

- Defining said housing duct as an assembly of:

- part with constant section (31) containg said rotor and
said stator;

- inlet section (32) to the rotor;

- inlet section (33) to the stator;

- Defining the surface of the said portions of the entrance to
the rotor and the stator as a revolution of a two-dimensional
profile around the rotation axis of the rotor; being the said
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method characterized of:

Defining the profile of the rotor ogive (12) as a hemisphere
with a radius substantially equal to the minimum radius of
the rotor blades or the radius of the hub (16) of said rotor;
Defining the profile of the stator ogive (11) defined as a
hemisphere with a radius substantially equal to the minimum
radius of the stator blades or the radius of the hub (15) of
the stator;

Defining the two-dimensional profile for the rotor section as
part of a two-dimensional airfoil symmetrical with respect to
the middle chord;

Defining the two-dimensional profile for the stator section
as part of a two-dimensional airfoil symmetrical with respect

to the middle chord.

7. Method according to claim 6 wherein said two-dimensional airfoil

comprises:

a concave side or intrados (144);

a convex or extrados side (143);

a median segment (142) as a set of points corresponding to
the center of all the circumferences inscribed in said two-
dimensional aerodynamic profile and tangent to the intrados
and extrados lines;

a front edge (145) and a rear edge (146) as geometric points
coinciding respectively with the anterior and posterior ends
of the median segment;

a half-thickness as the distance between said median segment
(142) and said 1intrados (144) or sald extrados (143),
evaluated along the normal to said median segment (142) for
each point of said median segment;

a chord or chord segment (141), as the segment joining the
ends of said median segment (142);

a deflection or a function representing the distance that is
formed between the said chord and the said median segment
when they do not coincide in the points outside the respective
extremes, and in which the said two-dimensional aerodynamic
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profile for rotor duct is further defined by the following
parameters:

- Length of the half chord segment of a value not exceeding 1.5
times the maximum blade radius and preferably of a value equal
to 1.25;

- deflection value lower than 25% of said length of the half
chord segment and preferably equal to 24%;

- Maximum thickness equal to 30% of the length of the half-
chord segment;

and in which the stator duct is further defined by the following

parameters:

- Length of the half chord segment of a wvalue not exceeding
1.25 times the maximum blade radius and preferably of a value
equal to 0.75;

- deflection value less than 20% of said length of the half
chord segment and preferably equal to 18%;

- Maximum thickness equal to 50% of the length of the half-

chord segment;

8. Method of using a turbomachinery stage according to the method
described in one or more claims 1 to 5 in which said rotor is
driven by kinetic energy of a flow of fluid passing through it.

9. Method of using a turbomachinery stage made according to the
method described in one or more claims 1 to 5 wherein said rotor
is driven by kinetic energy of a flow of fluid passing through
it.

10. Method of using a turbomachinery stage made according to the
method described in one or more claims 1 to 5 in which said rotor
transfers kinetic energy to a flow of fluid passing through it.

11. Method of using a turbomachinery stage realized according to
the method described in one or more claims 1 to 5 in which said
rotor transfers kinetic energy to a flow of fluid that passes
through it.

12. Bivalent axial turbomachinery stage (1), that can operate
alternatively in motor or operating mode, comprising:

- a rotor (12) in turn comprising a rotor hub (16) and a
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predetermined number of rotor blades (14);
- a stator (11) in turn comprising a stator hub (15) and a
predetermined number of stator blades (13);
said blades being described by two-dimensional aerodynamic
profiles, said turbomachinery stage characterized in that it has
a rotor and stator profile made in accordance with the method of
claims 1 to b.

13. Turbomachinery stage according to claim 12 comprising a duct
for ducting said rotor and stator members made in accordance
with the method of claims 6 to 7.

14. Turbomachinery stage according to claim 12 or 13 operating in
a fluid of a compressible or incompressible nature and preferably
in air or water.

15. Turbomachinery stage according to one or more of the preceding
claims 12 to 14, in which the rotational speed of the rotor in
driving mode is different from the rotor speed of the rotor in
operating mode.

16. Turbomachinery stage according to one or more of the preceding
claims 12 to 15 in which the following parameters of the design
method are assumed:

- number of rotor blades: 15

- number of stator blades: 15

- number of rotor blade sections: 3

- minimum radius of the rotor blade: 20 cm
- maximum radius of the rotor blade: 40 cm

- chord size and pitch angle according to the following table:

Radius Chord Keying
[cm] [cm] [°]
20 12.6 73.3
30 10.1 49.0
40 8.4 37.0

- number of stator blade sections: 3
- minimum stator blade radius: 20 cm

- maximum radius of the stator blade: 40 cm
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- chord size and pitch angle according to the following table:

Radius Chord Keying
[cm] [cm] [°]
20 10.9 66.3
30 11.3 76.3
40 11.7 8l.6

Turbomachinery stage according to one or more of the
preceding claims from 12 to 16 in which the nominal speed of
rotation of the rotor 1s comprised between 10 and 5000
revolutions per minute and preferably between 500 and 2000
revolutions per minute and even more preferably of 1500 +/- 10%
revolutions per minute for the operating mode and 800 +/- 10%

revolutions per minute for the motor mode.

18. Turbomachinery stage according to one or more of the preceding

claims 12 to 17 in combination with a control system, at least
one energy source and at least one energy storage element, at
least one motor combined with said rotor, one or more sensors ,
one or more control members for one or more members for switching
the operating mode of the said stage, the control system being
involved in the switching of the said turbomachinery from driving

mode to operating mode and vice versa.
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