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Abstract

Issues of technological processes’ intensification and increase of technological equipment efficiency are of priority value in the modern 

engineering. Application of various methods of hydrodynamic drag on the working fluids in rotary-wheel machines allows increasing 

of processing efficiency to receive finely-dispersed homogeneous mixtures with necessary characteristics. In this article the issues, 

connected with the liquid flows' formation in the working zone of rotary-cavitating activator are studied and the main principles of 

energy impact while the usage of rotor with radial channels, supplied with the elements for receiving cavitating effects, are defined. 

Based on the offered methodology, experimental research was conducted and calculations of the main indexes, defining efficiency 

of energy impact on the working medium, were held. The substantiated estimation of efficiency of hydrodynamic machines work 

according to the dissipative power that allows to choose the proportion of hydrodynamic settings, which provide the highest intensity 

of cavitating processing of processed liquids, was presented. The practical value of the research is in the studying of ways of increasing 

of equipment efficiency through the possibility of technological process intensification.
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1 Introduction
Technological processes' intensification and increase of 
technological equipment's efficiency in the engineering 
are the tasks of priority value, aimed at the search of opti-
mal engineering solutions. For the present time, devel-
opment of the high-efficient machines with high specific 
output and optimal energy and materials consumption 
became the basis for improvement of the products' quality, 
increase of productivity and decrease of energy consump-
tion for conduction of various technological processes. 
Besides, demands of the high level of impact on the pro-
cessed materials are settled to such machines.

2 Literature review
One of the most promising variants in contemporary engi-
neering is the usage of various methods of activation of 
thinly-fluid products [1]. In a row of cases it allows to raise 

efficiency of processing or to create new, more progres-
sive technological processes. At this, mechanical devices of 
dynamic type can be used. Activation takes place in them 
because of reaction of fluid for moving elements – rotating, 
vibrating or making more complicated movements [2-5]. 
For  example, in rotor equipment, the energy which work-
ing fluids receive right in the device due to the centrifugal 
forces, appearing in the rotating rotor pockets, is used. Rotor-
cavitating activators (RCA) can be referred to such devices. 
The sense of their work is in creation of artificial cavitation 
in fluid areas for the usage of appearing cavitating effects for 
intensification of different physical and chemical processes 
in different fields of industry, for example, chemical, food 
processing, biochemical, engineering, oil-refining, etc.

Currently, in various industries the increasing applica-
tion of hydrodynamic devices, due to which the conditions 
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of cavitation in a fluid flow are created. For example, 
the new non-conventional machining method known as 
Bubble Machining is based on the process of cavitation [6]. 
The effect of ultrasound on generating and controlling the 
cavitation bubble of the grinding fluid during ultrasonic 
vibration honing was investigated [7]. In paper [8] a novel 
sharp interface approach for modeling the cavitation phe-
nomena in incompressible viscous flows is described.

 This ensures dispersion, homogenization, activation, 
acceleration of chemical reactions, heating of the working 
fluid [9, 10]. These devices, depending on the technologi-
cal purpose and embodied ideas of their authors, have dif-
ferent designs, but are designed for energy impact on the 
medium in the working area of plants.

The idea of using the cumulative effect of collapsing 
cavitation bubbles for the intensification of technologi-
cal processes has led to creation of various structures of 
hydrodynamic cavitation devices.

Note that the technologies using cavitation are used for 
preparation of fuel mixtures, for making and recovering 
cutting fluids, for preparation of food mixtures and disin-
fection of water, for acceleration of chemical processes etc.

The hardware estimation procedure and optimization 
of parameters of working fluid cavitation processing are 
proposed in paper [11]. The basic aspects of preparation 
efficiency and using of water-fuel emulsion are reviewed 
and an example of estimation of energy parameters of 
hydrodynamic activator operation in obtaining water-fuel 
emulsion is supplied.

It is stressed that intensification of chemical-technolog-
ical processes in rotor-cavitating activators is substanti-
ated by reaching higher density values of hydrodynamic 
and hydroacoustic energy [9]. In the working volumes of 
device due to the short time intervals of influence the big-
gest part of power is localized in the flow of processed 
fluid. It takes place during the pressure and liquid flow 
speed pulsation, developed turbulence, intensive cavita-
tion, pressure pulsation in local volumes of liquid, during 
pulsation and cavitating bubbles collapse, tough cumula-
tive effect, high shearing and pulling forces [12].

At the same time, because of complexity and diver-
sity of the whole complex of multi-factor effect on the 
processed liquid in rotor-cavitating activators all-sided 
researches of physical and chemical phenomena which 
take place during the processing of the liquid hetero-
genic mediums under effect of powerful pulsation flows, 
impulse acoustic cavitation, self-vibration and ripple 
effects are still actual.

Along with that rotor-cavitating activators have quite sim-
ple construction, their manufacturing does not require com-
plicated technologies, they are trustworthy and effective in 
usage. Low energy capacity is substantiated by the fact that 
processing liquid is at the same time both the source and the 
object of hydromechanical vibrations. Mechanical energy is 
directly transferred into acoustic and cavitation energy and 
because of that device efficiency coefficient is quite high.

Rotor-cavitating activators proved themselves to be 
effective devices during intensification of hydromechani-
cal and mass-exchanging processes in different spheres of 
industry [13]. They are more widely applied in engineer-
ing for manufacturing and recovery of fluids for cooling 
and lubrication (CLF).

The paper [14] presents a method for expanding the 
working range of separation elements, where the sepa-
ration is conducted through the use of inertia particles. 
The presented dynamic separation elements work as the 
automatic control system.

The proposed experimental procedure has been used to 
investigate the liquid distribution inside the packed bed. 
Distilled water was adopted as a flowing medium and was 
injected into the column from a source point [15, 16].

An innovative method is proposed in the paper [17], 
which eliminates the low quality mesh elements and 
simultaneously introduces only slight distortion to the 
flow as well as contact heat transfer.

The authors of the paper [18] proposed the linear math-
ematical model and transfer functions, that were adapted 
to the drives of the technological equipment. It allows to 
perform the stability evaluation, quality of control and 
correction of the dynamic properties of the drive using the 
technical certificate data of the drive elements and devices.

Accordingly, among the most important tasks of con-
temporary industry one can distinguish the necessity of 
scientific substantiation and development of highly-effec-
tive technological devices, which provide effective influ-
ence on the working medium for intensification of com-
plex influence on processing heterogeneous fluid.

The aim of this article is to substantiate the universal 
methodology for definition of working ability of rotor acti-
vators. Within the term "universal" the ability of appli-
cation of this methodology during the analysis of similar 
constructions of cavitating equipment, intended to pro-
cess of the thinly-fluid working medium, is meant. For the 
achievement of the settled goal it is necessary to conduct 
the analysis of settings of the processes, which are held in 
the second chamber (chamber under analysis).
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3 Methodology
For gaining of the settled aim it is necessary to analyze 
some issues, connected with formation of liquid flow in the 
working zone of rotor-cavitating activator and to define the 
main principles of energy impact while the usage of rotor 
with radial channels, supplied with elements for receiving 
of cavitating effects. So, the methodology for conduction 
of experimental researches and calculations of the main 
indexes which define effectiveness of energy impact on 
the working medium is expected to be worked out.

Design variables were defined according to the formu-
las, which consider energy expenditures in the working 
zone and results of preceding researches [11].

Power expenditures (Np) for heating of the liquid, flow-
ing through the activator is directly proportional to the 
dependence Eq. (1). This dependence allows to estimate 
indirectly intensification of the processes in the working 
zone according to the results of transformation of part of 
input energy into the dissipative one. Then, the dependence 
Eq. (1) allows to estimate the real power expenditures for 
heating of the liquid passing through the activator.

N K Q T T Tt p c= ⋅ −( ) ⋅⋅ ⋅
2 1

ρ , 	 (1)

where Q – is a flow rate through the dispersant (cum/h), 
T1 and T2 – fluid temperature at inlet and outlet of disper-
sant (°C); Tc – heat capacity of working fluid (kcal/kg∙°C) 
– liquid density (kg/cum), Kp – is the coefficient of corre-
spondence of dimensions (for water Kp = 1.164), ρ – liquid 
density (kg/cum); Kt – dimensions coefficient.

K Q Tc = ⋅( ) ⋅( )∆ , ) .cum °C h 	 (2)

Consequently, calculation of device heat load, under 
condition of working with various liquids can be done 
using Eq. (3)

K Q T T Tw c= ⋅ −( ) ⋅ ⋅
2 1

ρ. 	 (3)

According to the device settings design power of the 
effect on the product (Nd ) is estimated according to Eq. (4)

N N N N Nd cp fr of i= − + +( ). 	 (4)

At this, the free movement power (Nfr ), hydraulic power 
of the outlet flow (Nof ) and expenditures for the internal 
losses (Nil) are subtracted from the power, consumed by 
the electromotor (Ncp). Definite difficulties appear while 
definition of internal losses (Nil ). It is also necessary 
take into account such constituents as losses for friction 
in the non-working pockets of chamber, which partially 

contribute to liquid heating. While various impact effects 
power can also be spent for chemical and physical trans-
formations in the product [14]. Conduction of some 
extra researches is necessary for quantitative account of 
energy expenditures in these phenomena. In our research 
the information, received only from the experimental 
researches was used. It was enough for the practical reali-
zation of offered methodology [11].

Estimation of efficiency of the heat characteristics of 
cavitating processing of some definite liquid in the disper-
sant is recommended to be conducted according to two cri-
teria: efficiency of heat emission (Kw ), that is characterized 
according to the level of cavitation effect on the working 
medium and heat density of the process (Et ) [11] Eq. (5):

E
N
Nt
t

q

= . 	 (5)

In practice, during the hydrodynamic activators testing, 
it is quite easy to define such constituents as free-move-
ment power (Nfr ) and hydraulic power (Ng  ). So, accounting 
insufficient inaccuracies, the coefficient of energy trans-
formation while heat emission can be presented as follows:

E
N

N Nef
t

fr q

=
+

. 	 (6)

During comparative analysis of hydrodynamic 
machines for liquid activation estimation of their effi-
ciency (according to the level of energy transformation) is 
offered to be conducted through the evaluation of process 
according to the specific energy of dissipation. It means 
energy, spent for heat emission per unite of volume while 
passing of working product through the device

W
N
Qg
t= ( )kWt h cum . 	 (7)

4 Description of construction
As the object of investigation rotor-cavitating activator 
"РКА-02-11", which has two working chambers, is ana-
lyzed in this article. The premixing of the product and 
its primary homogenizing takes place in the first cham-
ber. The second chamber is used for intensive cavitating 
processing of the product in rotor channels. Due to this 
increase of device efficiency by means of technological 
process intensification is possible. In Fig. 1 construction 
of working zone, designed for intensive energy influence 
on working medium is shown.
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Working liquid is supplied through the pipe 1, which 
is set on the rotor pin. The further acceleration of the liq-
uid takes place in closed radial channels. At the end of the 
channel there is the nozzle. Cavitation appears in the flow, 
depending on design of the nozzle and at definite speed 
of liquid. At the end of the nozzle there is the breaker, 
which is constructed as the disk with inclined channels. 
It is designed for creation of turbulent motion of liquid, 
hydro blows and cavitation due to the sharp change of 
speed and direction of movement of the flow. To transmit 
extra energy to the liquid after passing the breaker, there 
is the nozzle on the rotor, which has radial slotted holes. 
Such design allows to create extra transformations of the 
flow into cavitation, blow and acoustic effects of the influ-
ence on the working medium (Fig. 2).

While the rotor movement liquid flow gets from cavi-
tator to immovable breaker at the inlet. At this, the total 
velocity pressure is defined by the angle at which the 
flow meets the barrier and can be calculated according to 
Eq. (8), (Fig. 3).

V tg V
Vs
r

c

= . 	 (8)

The working scheme, adopted in terms of construc-
tion, is as follows: breaker has 150 riffles (Z) 2-mm-width 
and located with the angle 60°. Such constructional deci-
sion was substantiated by the row of experiments, which 
proved the possibility to provide necessary frequency of 
vibrations of liquid flow velocity. Then, it is necessary to 
consider that with the frequency of rotation n rpm liquid 
flow from cavitator is interrupted f times and its calculated 
value is defined according to Eq. (9)

f n Z
=

⋅
= ⋅ = ( )

60
2950

150

60
7375 1  sec . 	 (9)

Pressure in the flow is changing, depending on relative 
position of cavitator and breaker. Qualitative characteris-
tics of pressure changing P on breaker which depends on 
time t is shown in Fig. 4.

In this part the flow is partially losing its energy because 
of the resistance in the breaker channels. The size of this 
loss is defined by the coefficient of resistance in the sloped 
channels. When the flow gets into the channels of the rotor 
nozzle, the centrifugal effect starts working again and liq-
uid gathers speed again (Fig. 4).

The size of this impulse (Fi centr) of working liquid ρ at 
constant rotation frequency ω is defined by differential 

Fig. 1 The second chamber of activator "РКА-02-11"

Fig. 2 Working zone of cavitating processing: a - cross-sectional view; 
b - longitudinal cross section

Fig. 3 Velocity distribution of the flow at the exit to the breaker:
α – slope angle of constituent of centrifugal force of the flow,  

Vr – radial constituent of liquid flow velocity; Vc – circumferential 
velocity of liquid flow; β – angle, depending on α
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between the finite (Rfin ) and initial (Rinit ) radiuses of the 
rotor and by the time of entering the channel τ Eq. (10):

F P
i centr i centr

= ⋅τ , 	 (10)

where P R R
i centr fin init= ⋅ −( )( )⋅ρ ω 2

2.

In the rotor structure some extra channels for increas-
ing of flow intensity at the exit to the breaker are pro-
vided (Fig. 5).

Channels are located at the left (back) rotor end face 
and have width 6 mm and depth 0-12 mm. In total there 
are 26 channels, which are defined by the analytic optimi-
zation of studied construction.

Changes in the settings of the flow in the working zone 
of the chamber are shown in the structural scheme (Fig. 6). 
At this, energy, transmitted to the flow by centrifugal 
effect, in general is spent for overcoming of resistance in 
cavitator, breaker and at exit from working chamber.

While calculation of created pressure Pc in the extra 
channels, it is necessary to consider, pressure of centrifu-
gal effects P and pressure in working chamber Pch Eq. (11)

P P Pc ch= + . 	 (11)

Such rotor construction allows to bring additionally out to 
the breaker substantial volume of liquid, which had already 
been processed in cavitator. It intensifies the processes of 
hydrodynamic impact on working medium sufficiently. 
At this, frequency of vibrations and hydroblows on breaker 
at the outlet of liquid from each riffle is equal fk = 7.4 kHz.

Kinetic energy Eq. (12), transmitted to the liquid while 
the rotor rotation, is spent for creation of pressure in the 
channel EP, for radial movement of liquid in channel Eef, 
for overcoming of resistance and cavitation in the noz-
zle, for overcoming of resistance and hydroblows in the 
breaker EА, for overcoming of other types of resistance in 
the working zone ΔE

E E E E Eo P ef A= + + + ∆ . 	 (12)

Character of changes of flow setting in the working 
zone of the second chamber is shown in the structural 
scheme (Fig. 6).

Expenditures of liquid at the device outlet is defined 
by pressure losses in the working zone and resistance 
in the pipes (at the output). While increase of resistance 
at outlet expenditures reduce, and pressure in the work-
ing zone increases. Energy redistribution among impact 
effects takes place. Velocity in the channel decreases 
that leads to decrease of cavitation level in the nozzle. 
Quantity of liquid, taking part in the circular movement 
raises, stage of influence by whirling and pulsation at the 
breaker increases. When the outlet is closed movement of 
the liquid from the activator stops, pressure reaches its 
maximum value and dissipation of energy takes place, in 
general, on breaker and partially on rotor end faces.

Fig. 4 Qualitative characteristics of pressure changing while passing of 
flow through the breaker Fig. 5 Extra rotor channels and system of their location

Fig. 6 Changes in flow settings in working chamber: Rinp1 – radius of 
input of the liquid flow in rotor; RinpC – radius of liquid flow input to 

cavitator;  RoutpC – radius of output of liquid flow from cavitator; Routp1 – 
radius of liquid flow output from rotor; Rinp2 – radius of input of the liquid 
flow into the nozzle; Routp1 – radius of liquid flow output from the nozzle
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5 Description of construction
For identification of hydraulic and energy indexes of the 
process in working zone experimental researches were 
held. Experimental device for studying of working zone 
of the second chamber of "РКА-02-11" is shown in Fig. 7.

For conduction of line of experiments activator was set-
tled on the flange motor, with power 11kW. In such construc-
tion rotor is settled on the hub, connected with the motor 
shaft, due to which rotor is rotated with frequency 2950 rpm.

Processing of module liquid (water) during the closing 
of the valve at the inlet was done. For conduction of the 
hydrodynamic tests of experimental device we worked out 
automatic control system, which aloud to receive neces-
sary data on the separate modules of the system, fixating 
the data in the PC. The outlet pressure was changing from 
0.2 till 0.5 MPa (pressure detectors were used). The pres-
sure was controlled at the inlet and outlet (by Bourdon 
pressure gage of 0.4-class and with cock). Researches of 
productivity (by electronic water-meter), measuring dif-
ferential of liquid temperature (by temperature detec-
tor) at inlet and outlet were held. Energy expenditures of 
investigating process were defined by A-meter, which was 
settled in the motor starter unit.

Results of the second chamber researches are presented 
in the diagrams (Fig. 8 and Fig. 9).

In the diagrams it is seen that increase of outlet pres-
sure leads to decrease of productivity and increase of 
temperature differential at the inlet and outlet. At this, 
actual power remains almost unchangeable and dissipa-
tive power decreases.

Starting with the pressure Р2 = 0.4 МPa specific energy 
of hydrodynamic impact increases.

Fig. 7 Testing bench while measuring of the settings in the 
second chamber

Fig. 8 Measuring settings

Fig. 9 Process indexes
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6 Conclusion
As the result of analysis and experimental testing of con-
struction of working chamber of cavitating machine the 
main theoretical suppositions of energy distribution and 
hydrodynamic indexes of liquid activation while usage of 
rotor with radial channels and element for cavitating influ-
ence on working medium were proved.

Estimation of efficiency of hydrodynamic machines' 
work according to the dissipative power allows to choose 
the balance of the hydrodynamic settings (such as: 
reduced input pressure, output pressure, machine produc-
tivity, frequency and level of vibrations in the working 
zone), which provide the most intensive cavitating pro-
cessing of process liquids.
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