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Augmentation of Vortex Cavitator
Performance by the Use of Co-Directional
Swirl of the Flux after Vortex Chamber

EvGENIY GENNADIEVICH IvaANOVY*, BoRis IvANOVICH GORBUNOV?,
ALEXANDER VALENTINOVICH PASIN3, BORIS ALEXANDROVICH ARYUTOV4,
ALexel IvANovicH NovOzHILOVS

Abstract. Background: Acoustic cavitation is the creation and collapse of cavitation cav-
erns in liquid in an acoustic field with a frequency of f=1-3 kHz. The acoustic-cavitation
processes manifest themselves during the collapse phase, with high pressure gradient
continuum deformation, with a multiple transformation of energy forms. Liquid whis-
tles are widely used to create an acoustic field of high power, but their efficiency only
reaches 6-12%. We propose a liquid whistle in the form of a vortex cavitator (analogue
of the Ranque vortex tube) with a rotating body in which a reduction in the input power
is predicted.

Objective: Verification of feasibility of using a rotating body in a vortex cavitator with a
rotation co-directional to the operational pump impeller.

Method: The method for identifying the feasibility of using a rotating body is to exclude
body from the prototype and directly connect vortex chamber outlet with the pump inlet,
which ensures the most complete preservation of co-directional vortex component of the
flux entering the pump impeller.

Results: The results of experimental studies confirmed the validity of the hypothesis to
a greater extent, since we achieved an increase in pressure at the outlet of the pump and
a decrease in power at the drive relative to the original design.

Conclusions: The feasibility of designing the vortex cavitator body with rotation capa-
bility has been established, which will provide a reduction in input power of at least 30%
by a rotation of the body, co-directional with the impeller.
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Introduction

Cavitation technologies are promising and highly efficient methods for
processing both various kinds of substances in liquids and liquids them-
selves. They are based on acoustic cavitation physical principle, by which
the source of acoustic disturbances creates a sound field in a liquid. By the
vacuum phase of the sound wave the liquid on the nuclei breaks with the
formation of caverns (Wu et al., 2018; Qiu et al., 2018) due to tensile stresses,
while by the manometric phase these caverns collapse when the walls move
in opposite directions at speeds of sound C = 1425 m/s. As a result, the
elastic energy accumulated during the vacuum phase is compressed both
in space and in time to ultrahigh densities, which ensures the formation of
other forms of energy, secondary elastic waves, their interference, consider-
able deformation of the fluid, which is the basis for creating highly efficient
technologies.

The ways the cavitation caverns form can be very diverse - from raising
the temperature of the liquid to the boiling point, to lowering the pressure,
both in the whole operational volume and in its individual points.

The most common are:

* hydrodynamic methods based on the redistribution of the energy com-
ponents of the flow - velocity and pressure (tip-wall cavitation, flow sep-
aration during flow about the profile, local flow restriction in the nozzle
or venturi pipe, etc.);

* rupture of the fluid continuity with mechanical elements - cavitation
on propellers and items, which the flux flows poorly around (Favrel et
al., 2018). Particularly noteworthy are the devices of the vortex layer, in
which a rotating magnetic field acts upon ferromagnetic needles placed
in a fluid flux and forces it to rupture its continuity with their chaotic
non-stationary and intensive rotation;

* the creation of rotational motion of the fluid with the formation of the
central axial cavitation cavity;

* the use of non-stationary flows (at the time of acceleration and deceler-
ation);

* rupture of the fluid continuity by creating powerful electric spark dis-
charges in it;

* generation of cavitation in the flow through the perforated fencing
(Vlgn]evm Rade [GB]);

the use of osc1llatory processes, including:

— laser cavitation using focused radiation of high-power pulsed lasers;

— cavitation from powerful acoustic oscillations in liquid at low fre-

quencies of 10-200 Hz with 10-20 mm caverns;

— ultrasonic cavitation during the propagation of a sound wave, as well

as through the use of standing waves.
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Recently, conical cavitation devices (Fu Qiang et al., patents CN107719579
(A); Li Fuyuan et al., patents CN107310687 (A)), as well as active ele-
ments distributed on the peripheral surface (Jung Chul Min et al., patents
US2013298819 (A1)) became especially popular for creating partial or super
cavitation caverns. As it was demonstrated by the Logos environment mod-
elling, the first mode - conical element outflow mode - stipulates the crea-
tion of periodic elastic high-frequency waves as the flow gradually deforms.
However, the amplitude of these pressure fluctuations is negligible. In the
second outflow mode, also both high-amplitude elastic oscillations occur,
caused by periodic separation processes, and constantly living supercavita-
tion caverns, happening by complete separation (Karn et al., 2016). To create
acoustic-cavitation technologies, the initial stage of the second outflow mode
is used, and the efficiency is limited by the fluid flow velocity, since in long
linear sections the increased fluid velocities will cause extremely high hy-
draulic losses.

In the vortex chamber, the acoustic field appears due to the interaction
of the input tangential flow with its own part, which made almost a full circle
on the inner surface of its shell, therefore, a high velocity of fluid is required
only at the flow elements interaction area. Thus, vortex chambers are more
economical and effective devices for the formation of elastic perturbations.

Acoustic cavitation helps to create highly efficient technological process-
es: dispersion (Sivakumar et al., 2014), disinfection (Bagal, Gogate, 2014), co-
agulation, heating, mixing, chemical catalysis, biological objects effect, both
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Fig. 1. The design of the vortex cavitator. 1. Vortex chamber with tangential inlet;
2. Resonator body; 3. Tuner straightener; 4. Return pipeline; 5. Power centrifugal
pump; 6. The inlet of the transit flow; 7. Outlet of the transit flow
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in passive external zones and in internal areas. Technological capabilities
making possible the development of other highly efficient technologies also
increase the relevance of this area, for example, the creation and applica-
tion of magnetorheological fluids, as well as technologies based on changes
of water properties with the effect of cavitation. However, existing devices
(fluid whistles) only utilize 6-10% of the incoming power for creating output
acoustic field; the rest is wasted.

It is advisable to use a cavitator containing a vortex chamber as a liquid
whistle, along with and a cylindrical resonator body coaxial with it, one sim-
ilar to the Ranke vortex tube, or Potapov’s heat generator (Potapov, 1993).
Elastic oscillations are created in the vortex chamber by operation on liquids,
and the amplitude of these oscillations doubles in the resonator body due to
the birth of a standing wave in it; this stipulates its higher efficiency com-
pared to other cavitator designs (Fig. 1).

However, the doubling of the amplitude of elastic waves is achieved by
the means of the high hydraulic resistance of the vortex flow motion in the
body in this case. Consequently, this either reduces the vortex component of
this flow (Ivanov, 2014) or uses the circumferential component of this flow,
for example, in combination with the operational process of the feeding cen-
trifugal pump, which produces movement of the working fluid in the cavi-
tator.

It ensues from the basic equation of centrifugal machines that when the
flow entering the pump swirls against the impeller rotation, the pressure
generated by the impeller increases.

HBCTp = HO + (u1C1U/g)17sz’ (1)
swirling it in the same direction with the impeller decreases the pressure

Hnon = HO + (ulclll/g)r]l"kz’ (2)
U, - circumferential velocity of impeller rotation on the external diameter,

m/s;

U, - circumferential velocity of media rotation on the inlet diameter of the
impeller, m/s;

C,,, - projection of the absolute velocity of operational liquid by exiting from
the impeller to the external direction, m/s;

C,,, - projection of the absolute velocity of operational liquid by exiting from
the impeller to the external direction, m/s;

g - gravitational acceleration, m/s2

However, the total pressure, or the specific energy of the fluid in the
latter case should equal the pressure of the pump operating in the absence of
a preliminary swirl, that is, as in the axial input into the pump. This is taking
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Fig. 2. Stand for assessing the effect of transverse swirling of the circulating flow on the en-
ergy performance of the pump and its graphical interpretation (the structural elements of
the stand in terms of location and configuration correspond to the diagram shown in Fig. 1)

into account the addition of the energy of the preliminary flow rotation to
the energy it got from the pump. This corresponds to the standard technical
characteristics of the centrifugal pump.

As the preliminary flow swirl is equal to the rotational frequency of the
impeller, the power consumption in the pump by co-directional swirl is sig-
nificantly lower than that of the counter-swirl or its absence

N, = Np[1 - (C U,/ Cy )], ®)

T1

Therefore, in the case under consideration, it is advisable to install the
vortex chamber with respect to the pump in such a way that it creates a flow
swirl at the inlet of the pump impeller that is co-directional to the latter.

Hypothesis: The use of a pre-swirled flow after a vortex chamber at the
inlet to a centrifugal pump in the same direction with the impeller rotation
should save power consumption without reducing the pressure characteris-
tics of the pump.

The results of a priori experimental studies confirm this assumption. So,
a swirl, co-directional to the impeller, is preferable from the point of view of
smaller energy intensity to the counter- one. It is true for all rotation frequen-
cies of the impeller of the feed pump (Fig. 2).

This justifies the assumption (Ivanov et al., Patents RU2669442) that de-
signing the body capable of rotation (Fig. 3) should provide a higher value
of the rotary component rot . > rot_. by excluding friction between the
rotating flow and the inner surface of the body It will create an even greater
effect, in terms of power consumption as in ratio of the net power to the one
consumed, and in the pressure characteristics of the pump.

However, the conditions under which the above experiments were car-
ried out implied that the flow swirl from the body is preserved solely by ex-
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Fig. 3. Vortex cavitator with a rotating body and a stationary jacket-casing. 1. Swirl

chamber with tangential entry; 2. Resonator case; 3. Tuner straightener; 4. Return

pipeline; 5. Power centrifugal pump; 6. The inlet of the transit flow; 7. Outlet of the

transit flow; 8. Body rotation supports; 9. Fixed jacket-casing; 10. Technological load;
11. Electric motor of the drive

cluding the rectifying device at its outlet. This is, however, clearly insufficient
for making reliable conclusions on a long return pipeline, in the condition of
its turning 180°.

Consequently, the feasibility of developing a vortex cavitator with a ro-
tating body requires additional experimental justification.

Objective of work: Evaluation of the feasibility of using a rotating body in
a vortex cavitator with rotation, co-directional to the pump impeller.

Materials and methods

One of the advantages of a vortex cavitator with a rotating body is the pres-
ervation of the vortex component of the flow as it passes along the body and
is then fed to the impeller blades.

However, such a vortex cavitator is complex and expensive, it requires
a long time to accumulate resources, manufacture, and debug. Therefore, to
study the feasibility of using it, an analogous equivalent was created in the
form of a well-known cavitator (Potapov, 1993), but with a resonator case
removed from the device. In this case, in one design, the vortex flow created
in the vortex chamber enters through a shortened return pipeline into the
impeller of the centrifugal pump (Fig. 4).
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Fig. 4. The vortex cavitator with the excluded case is the energy analogue of the
cavitator with a rotating case (the structural elements of the stand correspond
to the diagram shown in Fig. 5 in terms of location and configuration)
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Fig. 5. The structure of the vortex cavitator with coaxial arrangement of the vortex cham-
ber and the centrifugal pump. 1. Swirl chamber with tangential inlet; 2. Return pipeline;
3. Power centrifugal pump; 4. The inlet of the transit flow; 5. Outlet of the transit flow
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In another design, it enters from the whirl chamber of the cavitator
through a short pipe directly into the impeller of the centrifugal pump
(Fig. 5).

Thus, hydraulic losses associated with removing a stationary body are
avoided and the tangential component of the flow created in the vortex
chamber is retained. This approach made it possible to assemble a functional
analogue of the vortex cavitator from the available prototype with minimal
costs and to get a conclusion on the feasibility of further work on the devel-
opment of the concept of vortex cavitators with a rotating body in a short
time.

The experimental stand with a cavitator analog functioned as follows:

¢ the internal operational space of the vortex cavitator was pre-filled with
tap water and then the transit flow g, was put through it;

* electric drive of the vane pump was switched on;

* as the acoustic-cavitation process was stabilizing, the water of the transit
flow heated up and this served as a measure of the completeness of the
cavitation processes and the effectiveness of the vortex cavitator (taking
into account the power consumption).

Variable factors of the experiment are:

g - the amount of transit flow through the vortex cavitator was set by the
valve, and was evaluated using the measuring tank and an electronic
stopwatch; f - the frequency of the electric current to the electric motor of
the drive, which determines the speed of rotation of the pump impeller,
was set with the frequency converter “Vesper”;

the vortex chamber swirl direction of the flow, entering the pump, deter-

mined by its installation mode, was adjusted by replacing the vortex cham-

ber, and response functions were:

Ap - pressure difference at the inlet and outlet of the feed pump [m] was

measured by gauges of 1.5 accuracy class;

W - the power consumed by the asynchronous electric drive of the pump
[kW] was measured by a three-phase electronic meter “Mercury”;

At - temperature difference at the entrance and exit of the transit flow [deg]
was evaluated with a laser pyrometer and an alcohol thermometer with
a measurement limit of up to 60°.

A feature of the structures considered, of both analogs and the model
proposed, is the presence of a return pipeline, turning at an angle of 180°, in
all of them. This configuration of the flow part implies the creation of two
mated vortex longitudinal currents at its initial part by plugging the core of
the axisymmetric flow into the peripheral inner part of the beginning of the
turn, its subsequent spreading over the inner torus surface to smaller radii
and further closing with multiple repetition of these cycles (Fig. 6).
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Q Fig. 6. The mechanism of formation of
circ two mated torus vortices in the outlet

Being superimposed on a spiral monovortex flow coming out of the
vortex chamber, these currents deform it. For this reason, a non-stationary
polyvortex structure appears at the pump inlet. It does not contribute to the
manifestation of the fully-predictable interaction of the rotating blades with
the co-directional input flow. This is especially relevant for the design pro-
posed (Fig. 3), and for its energy equivalent with the excluded body (Fig. 4),
since all measures to eliminate the two-vortex flow are equally fatal for a
specially created monovortex one. The only measure to eliminate it is to bring
the outlet of the vortex chamber as close as possible to the pump inlet (Fig. 5).
In the proposed design (Fig. 3), this is achieved by the sequential connection
of several cavitators.

Therefore, the second stage of research was also carried out on a physical
model in which the central outlet of the vortex chamber is coaxially connect-
ed to the inlet of the centrifugal pump through a short cylindrical pipe, and
the pressure pipe of the pump is connected to the inlet tangential pipe of the
vortex chamber with torus pipeline (Fig. 5).

In such a connection of the vortex chamber with the pump, the mon-
ovortex flow emerging from it gets directly into the central neck of the im-
peller and interacts with its blades without being subjected to external in-
fluences.

Results

The results of experimental studies of two builds of vortex cavitators:
* the classic full version - “full” (Fig. 1);
* experimental build of the vortex cavitator with coaxial arrangement of
the vortex chamber and centrifugal pump - “exp” (Fig. 5); presented in
Table 1.
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Table 1. Energy parameters of comparable vortex cavitators

f 7q q N | #0N | Ap | £0p At +6t E ] 01
term | term | term

Hz s /s kW | kW m m | grad | grad | kW

Full

44 10227 | 453 | 047 | 200 | 1.31 | 20 | 026 | 235 | 0.52 | 0.057

54 | 0204 | 440 | 057 | 180 | 1.12 | 24 | 036 | 2.05 | 047 | 0.063

65 | 0170 | 454 | 0.63 | 145 | 096 | 3.2 | 036 | 227 | 050 | 0.063

78 10141 | 449 | 023 | 11.8 | 092 | 40 | 044 | 236 | 0.52 | 0.085

123 | 0.089 | 456 | 041 | 95 | 077 | 56 | 036 | 210 | 046 | 0.036

147 | 0075 | 448 | 021 | 78 | 077 | 98 | 036 | 3.07 | 0.68 | 0.044

425 Exp

37 10270 | 3.60 | 0.63 | 345 | 1.31 | 23 | 026 | 2.60 | 0.72 | 0.057

44 | 0227 | 370 | 0.36 | 31.3 | 147 | 28 | 036 | 244 | 0.68 | 0.045

41 10244 | 366 | 013 | 310 | 1.52 | 25 | 044 | 255 | 0.71 | 0.063

48 10208 | 3.60 | 055 | 305 | 1.52 | 2.7 | 036 | 236 | 0.65 | 0.063

61 | 0.164 | 3.61 | 0.60 | 285 | 1.31 35 036 | 240 | 0.67 | 0.077

103 | 0.097 | 358 | 055 | 27.8 | 1.31 | 59 | 036 | 240 | 0.67 | 0.057

420 | 0.024 | 354 | 038 | 270 | 147 | 1.8 | 0.62 | 1.67 | 047 | 0.057

Full

44 | 0227 | 507 | 0.57 | 180 | 096 | 33 | 026 | 290 | 057 | 0.057

47 10234 | 493 | 048 | 19.0 | 1.12 | 2.8 036 | 274 | 056 | 0.044

62 | 0177 | 504 | 055 | 148 | 0.77 | 40 | 036 | 297 | 059 | 0.072

71 [ 0155 | 510 | 044 | 13.0 | 096 | 46 | 036 | 298 | 0.59 | 0.089

116 | 0.095 | 499 | 038 | 11.5 | 096 | 6.0 | 045 | 238 | 0.47 | 0.063

145 | 0.076 | 5.06 | 031 | 93 | 0.77 | 106 | 0.63 | 3.37 | 0.66 | 0.063

45 Exp

40 | 0250 | 413 | 042 | 360 | 1.66 | 29 | 026 | 3.03 | 0.73 | 0.045

44 | 0227 | 415 | 035 | 352 | 1.66 | 33 | 026 | 3.06 | 0.74 | 0.057

47 10213 | 403 | 040 | 350 | 1.72 | 33 | 036 | 294 | 0.71 | 0.063

58 | 0172 | 398 | 038 | 335 | 147 | 4.0 | 036 | 2.89 | 0.70 | 0.044

67 | 0149 | 413 | 023 | 335 | 1.72 | 49 | 025 | 3.06 | 0.74 | 0.036

167 | 0.060 | 410 | 0.26 | 31.0 | 1.58 | 10.5 | 036 | 2.63 | 0.64 | 0.096

738 | 0.014 | 412 | 037 | 31.8 | 1.58 | 285 | 096 | 1.62 | 0.39 | 0.036
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Table 1. (cont'd)
f Tq q N | 6N | Ap | *0p At *0t E n +0n
term | term | term
Hz s /s | kW | kW | m m | grad | grad | kW
Full
44 10227 |560 |041 173 |096 |33 026 297 053 |0.036
48 | 0229 | 553 | 026 | 173 | 096 | 3.0 | 036 | 288 | 0.51 | 0.077
64 | 0172 | 547 | 017 | 143 | 1.17 | 44 | 026 | 3.17 | 0.58 | 0.057
78 | 0141 | 558 | 054 | 11.0 | 096 | 5.0 | 045 | 295 | 0.53 | 0.077
155 | 0.071 | 5.62 | 0.35 | 10.8 | 096 | 7.6 | 045 | 226 | 0.40 | 0.044
171 | 0.064 | 559 | 019 | 8.0 | 0.77 | 13.2 | 036 | 3.56 | 0.63 | 0.072
475 Exp
39 | 0256 | 478 | 049 | 415 | 1.58 | 34 | 026 | 3.65 | 0.76 | 0.063
44 | 0227 | 480 | 0.76 | 408 | 1.83 | 3.7 | 036 | 3.52 | 0.73 | 0.072
48 10208 | 483 | 040 | 393 | 1.73 | 40 | 036 | 349 | 0.73 | 0.057
58 10172 | 476 | 042 | 381 | 1.52 | 50 | 026 | 3.61 | 0.75 | 0.063
70 | 0143 | 482 | 022 | 378 | 164 | 62 | 036 | 3.71 | 0.77 | 0.057
87 0115 | 480 | 0.69 | 370 | 1.80 | 69 | 057 | 332 | 0.69 | 0.077
159 | 0.063 | 4.81 | 028 | 352 | 1.58 | 11.6 | 0.44 | 3.05 | 0.64 | 0.063
Full
44 10227 | 653 | 048 | 195 | 1.31 | 35 | 036 | 346 | 0.53 | 0.057
56 | 0.196 | 6.67 | 051 | 183 | 1.12 | 4.0 | 026 | 3.29 | 049 | 0.063
70 | 0157 | 653 | 0.30 | 155 | 1.18 | 54 | 057 | 355 | 0.54 | 0.044
86 | 0128 | 655 | 0.58 | 13.3 | 1.06 | 8.0 | 026 | 428 | 0.66 | 0.112
138 | 0.080 | 6.65 | 0.25 | 11.8 | 096 | 9.0 | 0.36 | 3.00 | 0.46 | 0.077
169 | 0.065 | 655 | 045 | 9.0 | 085 | 13.0 | 0.77 | 3.54 | 0.54 | 0.063
50 Exp
38 10263 | 545 | 0.16 | 448 | 1.87 | 39 | 045 | 430 | 0.79 | 0.077
44 | 0227 | 547 | 019 | 441 | 1.67 | 44 | 036 | 4.05 | 0.74 | 0.057
53 10189 | 549 | 0.30 | 440 | 1.92 | 49 | 026 | 3.87 | 0.71 | 0.063
55 10182 | 551 | 0.16 | 41.8 | 1.72 | 56 | 026 | 426 | 0.78 | 0.044
70 | 0143 | 543 | 056 | 408 | 1.72 | 6.6 | 045 | 3.95 | 0.72 | 0.077
88 | 0114 | 547 | 015 | 402 | 1.69 | 81 | 0.26 | 3.85 | 0.70 | 0.118
335 | 0.030 | 544 | 058 | 39.0 | 1.72 | 25.6 | 045 | 320 | 0.59 | 0.096
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Table 1. (cont’d)

f Tq q N | #6N | Ap | #*0p At +0t E 7 +0n
term | term | term

Hz s I/s | kW | kW | m m | grad | grad | kW

Full

44 | 0227 | 8.01 | 0.64 | 21.0 | 1.67 | 3.0 036 | 3.60 | 045 | 0.036

58 | 0190 | 7.87 | 053 | 18.2 | 1.52 | 40 | 025 | 3.18 | 0.40 | 0.09

70 | 0157 | 789 | 054 | 165 | 112 | 52 | 044 | 342 | 043 | 0.072

8 | 0129 | 793 | 049 | 140 | 1.18 | 6.0 | 026 | 3.25 | 041 | 0.126

136 | 0.081 | 797 | 031 | 11.8 | 096 | 94 | 036 | 3.18 | 040 | 0.044

161 | 0.068 | 8.04 | 051 | 9.8 | 0.85 | 13.0 | 0.77 | 3.72 | 046 | 0.117

173 | 0.064 | 8.01 | 038 | 9.0 | 0.85 | 182 | 057 | 484 | 0.61 | 0.117

52.5 Exp

40 10250 | 613 | 038 | 490 | 2.01 | 45 | 026 | 471 | 0.77 | 0.077

44 | 0227 | 627 | 051 | 485 | 1.66 | 50 | 044 | 463 | 0.74 | 0.112

50 | 0.200 | 6.23 | 044 | 485 | 1.72 | 54 | 036 | 452 | 0.72 | 0.131

54 | 0185 | 6.26 | 0.35 | 468 | 1.82 | 6.0 | 0.63 | 4.65 | 0.74 | 0.092

63 | 0159 | 627 | 030 | 455 | 1.72 | 72 | 036 | 478 | 0.76 | 0.077

79 | 0127 | 640 | 028 | 453 | 188 | 87 | 036 | 461 | 0.72 | 0.112

150 | 0.067 | 631 | 0.39 | 442 | 1.80 | 145 | 0.63 | 4.05 | 0.65 | 0.118

300 | 0.033 | 632 | 025 | 435 | 1.88 | 31.7 | 0.96 | 442 | 0.71 | 0.057

Full

44 | 0227 | 8.67 | 051 | 23.5 | 1.64 | 2.5 026 | 3.55 | 041 | 0.026

60 | 0183 | 864 | 035 | 19.2 | 1.12 | 3.8 | 036 | 292 | 0.34 | 0.085

70 | 0157 | 880 | 0.26 | 165 | 118 | 48 | 045 | 3.16 | 036 | 0.096

90 | 0122 | 8.69 | 044 | 13.0 | 096 | 6.6 | 036 | 3.38 | 0.39 | 0.118

126 | 0.087 | 8.77 | 051 | 11.5 | 096 | 9.6 | 045 | 3,51 | 041 | 0.072

164 | 0.067 | 8.76 | 0.60 | 98 | 0.77 | 13.6 | 0.26 | 3.82 | 044 | 0.044

193 | 0.057 | 878 | 0.63 | 9.0 | 0.77 | 192 | 0.26 | 458 | 0.53 | 0.154

55 Exp

43 10233 | 707 | 053 | 540 | 207 | 56 | 026 | 545 | 0.77 | 0.077

44 | 0227 | 720 | 0.64 | 530 | 1.58 | 56 | 036 | 497 | 0.69 | 0.077

49 10204 | 722 | 035 | 53.0 | 1.58 | 6.2 | 0.44 | 530 | 0.74 | 0.112

58 | 0172 | 712 | 0.10 | 53.0 | 1.8 6.6 | 026 | 476 | 0.66 | 0.112

64 | 0156 | 718 | 036 | 50.0 | 2.02 | 7.8 | 026 | 510 | 0.71 | 0.077
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Table 1. (cont’d)

f Tq q N | 6N | Ap | *bp At +06t E n +0n
term | term | term

Hz s /s | kW | kW | m m | grad | grad | kW
84 | 0119 | 728 | 040 | 50.0 | 201 | 10.6 | 0.36 | 528 | 0.73 | 0.073

163 | 0.061 | 726 | 0.41 | 485 | 1.72 | 175 | 036 | 450 | 0.62 | 0.118

356 | 0.028 | 7.23 | 0.22 | 48.0 | 1.72 | 36.8 | 0.73 | 4.33 | 0.60 | 0.057
Full

44 10227 | 960 | 042 | 241 | 1.62 | 40 | 036 | 412 | 043 | 0.036

57 10193 | 956 | 028 | 21.3 | 0.63 | 3.8 | 0.26 | 3.07 | 0.32 | 0.044

70 | 0157 | 947 | 052 | 188 | 1.31 | 58 | 0.26 | 3.82 | 0.40 | 0.09

90 | 0122 | 957 | 052 | 150 | 096 | 76 | 036 | 3.90 | 041 | 0.125

158 | 0.070 | 9.63 | 0.60 | 128 | 1.58 | 134 | 0.26 | 391 | 041 | 0.072

194 | 0.057 | 9.62 | 042 | 10.0 | 0.96 | 26.0 | 0.77 | 6.17 | 0.64 | 0.063
57.5 Exp

44 10227 | 787 | 023 | 595 | 1.58 | 6.6 | 045 | 6.28 | 0.80 | 0.077
50 | 0200 783|019 | 580 | 238 | 70 | 036 | 586 | 0.75 | 0.096
56 | 0179 | 791 | 016 | 57.0 | 220 | 80 | 045 | 598 | 0.76 | 0.077
143 | 0.070 | 7.85 | 0.25 | 55.8 | 244 | 30.0 | 0.96 | 9.66 | 0.93 | 0.077
870 | 0.011 | 792 | 0.46 | 53.5 | 148 | 60.0 | 1.12 | 289 | 0.37 | 0.063

Processing the results of experiments demonstrated that the difference
in pressure at the pump inlet and outlet (or the main component of the pump
pressure) for the “vortex chamber - pump” design is several times higher
than the initial design at low flow rates and on large q in a smaller proportion
(60%) (Fig. 7).

The measurement error of transit flow in the above relations is the sum
of the errors in measuring the volume of incoming fluid and the time interval
for filling this volume. The absolute value of the error in the volume of liquid
in the measuring tank is

Aw = AR°S, @)

where S is the area of the base of the measuring cylinder (it is constant), A is the
error in measuring the height of a cylindrical volume filled with liquid. Its value
is assumed to be Al =2 mm, which, at a height of h = 252 mm, will determine the
relative error w = 0.8%.

The error in measuring time interval during which the measuring tank is
filled is determined by the degree of the psychological reaction of the experi-
menter on the basis of a priori procedures and is At = 0.5 s. This value makes
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Fig. 7. The relation of the pressure difference at the pump to the transit flow rate for the
classical build (full) of the vortex cavitator and its proposed version with a rotating case
(exp) for the current frequency f = 57.5 Hz, the measurement error does not exceed 5%

it possible to determine the value of relative error by the shortest filling time
t .. =37sasequal ton,=0.5/37=1.35%. Consequently, the largest total value

min

of the relative error will be 2.2%, that is, it does not exceed 5%.
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Fig. 8. The relation of the pressure difference at the pump to the frequency of the drive
electric current for the classic build (full) of the vortex cavitator and its proposed analog
(exp) with a rotating body (g = 0.2271/s)
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To estimate the reliability of differences in the function Ap = f(q) of the
builds compared, one can use the method of the least mean difference. If X is
a random variable equal to the difference between the experimental and ini-
tial values for the characteristics, thatis, X = F__ - F, , thenits average value
m = (x, + ... + x )/n will be positive. For the functlons Ap = f(g), it will be m =
41.2, which means that the points (g, Ap) for the compared variants belong to
different sets.

This extends also to the impeller rotation frequency factor, and for the
most part of the interval [42.5; 57.5] and is also 60% (Fig. §).

To assess the individuality of each of the compared builds in this case,
the confidence intervals are determined by the well-known technique for tri-
pling n =3

X+ (t Nn)S ©)

at significance levels y = 0,95 (t = 0,315) of each of the compared relations by
the means of sequential calculation of dispersion D, effective dispersion S? =
[n/(n - 1)]D and the confidence interval (5).

At the same time, the increase in the pressure difference at the pump by
the impeller rotation frequency factor exceeds the pattern corresponding to
the similarity theory (dashed line in Fig. §8), therefore, in this case there is an
additional process of energy conversion. One of the reasons for the excess
pressure in the experimental build as compared to the build with a complete
set with stationary case is the drive’s induction motor slip reduction due to
the decrease of torque on the shaft from the co-directionally pre-swirled inlet
flow. This increases the frequency of rotation of the drive shaft, and hence

W, T
kW — u:ﬁ_n‘j 1

= Wixp

Fig. 9. The power consumption related to the frequency of the current of the electric drive
for the compared builds of vortex cavitators (g = 0.227 1/s)
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the impeller of the vane pump, which ultimately leads to an increase in the
pressure difference at the pump, and hence the pump head itself.

The input power for the proposed build of the vortex cavitator with the
direct connection of the vortex chamber with the throat of the centrifugal
pump suction inlet greatly benefits compared to the original build in terms
of savings (Fig. 9).

However, the power reduction in this case reaches only 30% compared
to 60% for the pressure difference (Fig. 8), which is caused by the need for ex-
tra power use to create an additional excess pressure difference at the pump.

In addition, in this case, the proportions of the power increase are under-
estimated by the similarity theory in terms of the rotational speed argument.
This further confirms that in this case there is a power saving. Moreover, in
all cases considered, the amount of power does not depend on the transit
flow.

Water heating in the vortex cavitator, as a measure of the cavitation pro-
cesses flow completeness, occurs more efficiently on the the vortex cavita-
tor with a rotating case simulating analog (with a coaxial pump and vortex
chamber), since in this case the excess pressure at the outlet of the pump
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Fig. 10. Calorific capability related to the frequency of the current of the electric drive for
the compared builds of vortex cavitators and evaluation of its difference (g, = 0.22721/s)
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Fig. 11. Calorific efficiency related to the frequency of the current of the electric drive for
the compared builds of vortex cavitators and evaluation of its difference (g, = 0.22721/s)

considered above converts the device to a higher energy level. This excess in
calorific capability At takes place at almost all rotational frequencies (Fig. 10).

As a result of the above circumstances, the thermal efficiency also has a
higher significance, since an increased pump pressure causes a higher circu-
lating flow velocity, and therefore a greater amplitude of sound oscillations
(Fig. 11). As a result, the dimensions of cavitation caverns increase, the level
of elastic energy accumulated in them increases, the energy density by the
collapse of these cavitation caverns increases significantly, and all processes
associated with collapse are significantly activated.

For the cases of Fig. 7, Fig. 8, Fig. 10 and Fig.11 this indicates that the
experimental values are not less than the initial ones, which indicates clear
advantages of the experimental build.

For the case corresponding to Fig. 9, m is negative, indicating a lower
power consumption of the experimental build.

In Fig. 10 and Fig. 11 the lower part, relative estimates of the compared
values differences by the frequency of the alternating current of the electric
motor are given, expressed as a percentage.
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Discussion

The co-directional swirl of the circulation flow from the vortex chamber to
the suction zone of a centrifugal pump allows to adapt the operation of a cen-
trifugal pump to the specifics of the vortex chamber functioning, resulting in
a significant 30% (or rather, proportional to the vortex component) reduced
power consumption of the unit.

This is also true for a build with a rotating body, and, in this case, the
preliminary twist can be adjusted, either to increase (by decelerating the case)
or decrease, by means of an additional drive for forced rotation of the case
(Ivanov et al., Patents RU2669442). We expect that this will further increase
the cost-effectiveness and efficiency of the vortex cavitator workflow. In this
case, a slight additional power cost can enhance the effect discussed, that is, it
is possible to obtain even greater efficiency of the vortex cavitator operation.

This fact remained unknown until now and has not been used, therefore,
it has a novelty. On October 11, 2018, the Federal Institute of Industrial Prop-
erty of the Russian Federation awarded it an invention certificate No. 2 669
442 “Vortex Cavitator” (Ivanov et al., Patents RU2669442).

Vortex chambers or liquid whistles have been studied significantly
since these devices are also used as basis for designing vortex cavitators
(Akhmetov et al., 2016; Akhmetov et al., 2018), as vortex chamber sediment
extractors (Athar, 2018), and as part of separating devices - hydrocyclones,
etc. In addition, by operation on gas, vortex chambers are capable of creating
two different temperature vortex flows inside themselves - hot peripheral
and cooled central (Matsuo et al., 2015a). Since the devices under consid-
eration have been in operation for several decades, many works have been
devoted to them, especially in the 1960-80s. As the cavitation technologies
develop, new works keep appearing, both on the subject of current structure
in them (Matsuno et al., 2015b) and on their separating ability. However, the
mechanism of creating sound waves in vortex chambers is not sufficiently
studied in the published works, and those existing do not present a unani-
mous opinion on the process of creating acoustic cavitation, and the structure
of currents itself. For example, Rafiee, Sadeghiazad (2016) indicates that the
central return Rossby flow in the vortex tube has a counter swirl to the pe-
ripheral vortex flow, and this is not true.

Recent works also do not present results on the use of tangential swirl-
ing at the inlet to the vane pump (in cases such swirling takes place) of cen-
trifugal pumps for the creation of circulation flows (Jang Jeong Cheol et al.,
patents KR101869827 (B1)), as well as on their use as supplying ones (Blad,
patents WO2018166975 (A1l)).

Moreover, due to the reduction of torque on the impeller shaft, the fa-
vorable combination of functions of the vortex chamber and the centrifugal
pump extends to the third link of the unit - an asynchronous electric motor.
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In this case, a reduced load on the impeller blades causes a decrease in slip of
the constantly rotating magnetic field of the stator of the electric motor and
its rotor, as a result of which the rotor speed starts to approach the idle speed,
i.e. to go up from the value at nominal load. This increases the impeller’s ro-
tation frequency, which explains the increase of pressure parameters of the
centrifugal pump above the nominal.

Thus, reducing the momentum on the impeller caused by co-directional
preliminary twisting in the vortex chamber reduces power consumption on
the one hand, and increases the rotational speed of the induction motor shaft
by reduction of its magnetic field slip and, consequently, the one of the cen-
trifugal pump impeller. Increasing the impeller speed increases the pressure
characteristics of the centrifugal pump (and hence the pressure difference on
the pump inlet and outlet), which requires a part of the saved power, so its
reduction is less observable.

The growth of the units” pressure parameters leads to an increase of
20-45% in the completeness of the cavitation processes flow (Fig. 11), which
indicates the feasibility of the build considered.

Reducing energy consumption while improving the technological per-
formance of acoustic-cavitation processes will expand the boundaries of the
application of such technologies, will speed known processes with liquid me-
dia already known, and make possible the occurrence of many previously
impossible.

It is remarkable that the proposed design version of the vortex cavitator
with the necessary modifications is a technical novelty.

The operating modes of the centrifugal pump Q.. must be consid-
ered because its most effective value matches to only a certain narrow range
AQ correspondmg to the highest values of the pump efficiency function at

Q erritueat (1 = F(Q.)). For this reason, experiments included various frequen-
cies of the electric current f=40-60 Hz (or impeller rotation n =~ 35-55 1/s),
which ensured the displacement of the pump operating point by the criterion
of relative flow and allowed to capture the optimal mode Q_ of the pump
with all combinations of variable factors.

This work experimentally confirms the calculated reduction in power
consumption and no decrease in the pressure characteristics of a centrifugal
pump with co-directional swirl of the inlet flow, as well as augmentation of
this effect with increasing intensity of the swirling.

The results showed the validity of the proposed hypothesis and the fea-
sibility of further work on the creation of a vortex cavitator with a rotating
body.

Conclusions

Analysis results of experiments established the feasibility of designing the
vortex cavitator with rotating body, which will provide power saving of at
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least 30% by its co-directional rotation with the impeller, as well as a 55% in-
crease in pressure at the pump outlet. The latter will improve the quality and
efficiency of the vortex cavitator operation.

We observed the effect of co-directional pre-swirl at the centrifugal
pump inlet on the drive induction motor operation, causing a decrease in the
slip in it and an increase in the rotational speed of its rotor, thanks to the lat-
ter. This increases in the pressure characteristics of a centrifugal pump more
(by 2-3 m) than can be achieved by co-directional pre-swirl alone.

The growth of the pressure difference at the inlet and outlet of the cen-
trifugal pump (pressure parameters) in combination with other factors pro-
duces an increase of 20-40% of the device’s cavitation capabilities and its
efficiency.

The study demonstrates a potential for achieving even higher vortex
cavitator performance by the forced rotation of its body.

The study demonstrates a method for increasing the efficiency of the
centrifugal pump operation using the energy of the pre-swirl by co-direction-
al swirl of the input flow.

Since the use of cavitation technologies increases productivity and qual-
ity of many technological processes as compared to the conventional ones,
by improving the functional parameters of the vortex cavitator the efficiency
of such processes can be further enhanced and the scope of application wid-
ened, which will in turn determine the further development of these technol-
ogies.

The promising development vector for devices of the considered physi-
cal action principle is established.
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