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Ananimuuno 00cnioxnceno 0it0 0CHOBHUX
napamempié Kananié OUCKOBUX IMNYAbCHUX
anapamis na egexmusenicmov npouecié 2io-
poounamixu i menaooOMiny npu iMnYabLCHO-
MY 6nAUSL HA MENTOHOCIU. 3anponoHo6aHo
Memo00102i10 6U3HAMEHHS OCHOBHUX napamen -
pie npouecie 2i0podunamixu i mennoooMminy
(meudxocmi, mucxy, memnepamypu mennuo-
HOCIfL) npu iMNYAbCHOMY 6NAUSI Ha pidu-
Hy. Ompumano mamemamuuni mMooeni 6nAUY
KOHCMPYKMUBHUX | MEXHOT0ZIMHUX napame-
mpie Kananie OUCKOBUX IMNYAbCHUX anapa-
mieé nHa epexmusnicmo npouecie 2idpoounamixu
il mena000OMiny. Adexeammuicmo Mamemamur-
Hux MmodeJeil niomeepoicena cepicro excne-
pumenmanvHux 00CAI0NHCEHb HA anapamax
3 o0niero Ui Gazamocmyninuacmoro cucmemoro
imnyvcnoi 06pooru menaonocisa. Ha uiii ocno-
61 po3pob.eni, anpobosani i 6npoeadiceni npo-
MUCTIO8T KOHCMPYKUIT IMNYAbCHUX OUCKOBUX
menJiozenepamopié 0ns 0eueHmpaniz08anozo
00izpiey Oyounxie npomucnoeozo i nodymo-
6020 Npu3HaA4eHHs. 3 OOHIEN0 U 080X CMYneHs-
Mu iMnyavchoz0 enauey. Pozpooaenuti memoo
bazamocmyninuacmozo iMnYavCHOZ0 6NAUBY,
3 YpaxyeanHam pe3yiomamie MameMamuMHozo
MO0eNH0BAHHS, eKCnepuUMeHmMAaIbHO niomeep-
01ceHn020 il peanizo8anozo 6 KOHCMPYKMUEHO-
My odopmaenni po6ouoi xamepu OuUcKo60z0
iMnYILCHOZ20 mennozenepamopa, 003601u6 nio-
suwumu 1020 exepzoedexmusnicmo na 12 %.
Busnauena naibinow epexmusna zeomempis
0UCK06020 IMNYNBbCHOZ0 MENTO2EHEPAMOPA Ot
noodanvwoi inmezpauii 1iozo 6 cucmemy oeye-
mpanizo6anozo menionoOCmMauanHs.

IIposedeno cepito excnepumenmanonux 00-
caidcens, wo niomeeporcyomo enepzoederx-
muenicmo pospobaenux npucmpoie. 0oumn
3 po3pobnenux mennozenepamopie 3 Gazamo-
CMYNiHYACMUM IMNYIbCHUM 6NJIUGOM HA MENJLO-
HOCill inmezpoeanuil y cucmemy 00izpiey mop-
206envH020 Komnaexcy. Iloxasnuxu poéomu
menJiozenepamopa 6ionosioarms cy1acHoMmy
pisnio enepeoepexmusnocmi 3 KII/[=0,86-0,9

Knouosi crosa: duckosuii imnyavchuil ana-
pam, KOHCMPYKYist menjozenepamopa, pomop,
2eomempis po6ouoi xamepu
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1. Introduction

Pulse treatment of technological liquids is used mainly

In current conditions, great attention is paid to finding
new environmentally safe and effective ways to generate
energy. Emphasis in this case is on the affordability and re-
producibility of energy raw materials, environmental safety,
economic efficiency, industrial feasibility, reliability, easy

fabrication and operation of the equipment.

as a means of intensification of hydrodynamic and mass
transfer processes. Currently, devices with the pulse effect on
aliquid are employed as thermal power generators [1, 2]. The
working space of such types of assemblies represents a disk
channel, inside which one disk is rotated while the second
remains stationary. Such a configuration of the working space
is typical for a significant number of equipment, for example:



centrifugal pumps, circular extruders, rotary cavitation units,
and other devices.

The flow of a classic viscous fluid in the region between
rotating coaxial disks has been studied by many authors mo-
tivated by the fact that these tasks are not only of theoretical
but also of great practical interest.

Intensification of the hydrodynamical and heat transfer
processes in the disk pulse devices, as a consequence of the
optimization of their workspace, is essential to improve
existing, as well as construct new, energy-efficient thermal
machines with high energy efficiency [3-5].

A growing body of research related to improving ener-
gy efficiency of disk devices based on the pulse treatment
of a heat-carrier using renewable environmentally-friendly
sources of energy is one of the most important fields in the
development of energy complex.

2. Literature review and problem statement

Disk pulse devices are interesting to researchers due
to the possibility of their wide application for the pulse
treatment of a heat-carrier in heating systems [6]. Current
research in the field of improvement of pulse devices is aimed
at the optimization of technological parameters by changing
the geometric dimensions of the working chamber. Of special
interest to researchers is to study the hydrodynamics and
heat exchange in the pulsed device under different modes of
operation.

Paper [7] reports an analytic description of hydrody-
namic processes in the working chambers of pulse devices of
various designs, based on the equation of a fluid motion along
a channel in the vector form. In [8], authors give a continuity
equation for compressible media. The solutions obtained rep-
resent particular cases, adopted with many assumptions that
do not apply to all the designs of pulsed devices.

In [9], authors have attempted to describe the hydrody-
namic processes under non-isothermal conditions in a cylin-
drical coordinate system. They derived continuity equations
for an incompressible fluid and a heat balance equation of
energy in the chamber using a function of dissipation (Fy;s):
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A detailed analysis of the resulting form of the equation
reveals that the expression represents a Navier-Stokes equa-
tion [10], solved in the cylindrical coordinate system, which
was obtained by Karmann for a Newtonian fluid and a rotat-
ing disk [11, 12].

Applying the results from work [13], authors of [14]
made the problem more difficult and derived a solution to the
equation of fluid motion between two disks. When two disks
rotate under condition of constancy for angular velocity and
contrary directions, the mass of the fluid, which is outside the
boundary layers of the disks would not spin [15].

Papers [16—18] investigated different models of the
multi-sectional movement of a fluid, which are characterized

by dependence on the values for a Reynolds number. In this
case, the equations of motion were consistent with the form
given in works [12—14]. The proof of existence of multiple
solutions is a breakthrough in the research into the hydrody-
namics of a fluid in a disk space.

Study [19] reports a motion model of the Maxwell’s fluid
in a disk chamber taking into consideration the properties
of a viscous elasticity. The authors showed the transition of
the equation obtained into the equation for Newtonian fluids
under a stationary current mode.

A detailed analysis of solutions to the problems on the
movement of a fluid taking into consideration the assigned
boundary conditions for disk chambers, given in papers [12—19]
indicates that the results obtained do not qualify for universal
use when designing disk chambers for pulse devices [20].

We did not find any motion models of a liquid or solu-
tions to the equation of motion for the case when the process
is close to adiabatic, which is characterized by the accumula-
tion of heat in the working chamber of the device inherent in
actual conditions. This makes it a priority task to construct
mathematical models for defining the main parameters for
the processes of fluid dynamics and heat exchange under the
pulse impact on a liquid when designing modern energy-effi-
cient pulsed devices.

3. The aim and objectives of the study

The aim of this study is to study analytically the pro-
cesses of hydrodynamics and heat exchange between contact
phases in the system liquid-solid body using the example of
disk pulse devices with external sources of energy.

To accomplish the aim, the following tasks have been set:

— to perform analytical study into the influence of basic
parameters of channels in disk pulse devices on the effective-
ness of processes of hydrodynamics and heat exchange under
the pulse impact on a heat-carrier;

— to define optimal geometrical characteristics for a disk
pulse heat generator in terms of its energy efficiency;

—to design a structure of the experimental disk pulse
device with an energy-efficient working chamber.

4. Analytical study into the processes of hydrodynamics
and heat exchange in a working channel of the disk pulse
device and their computer implementation

In order to carry out an analytical study into the in-
fluence of basic geometric parameters of the disk pulse de-
vice’s channel on the processes of hydrodynamics and heat
exchange, to build relevant mathematical models, we have
designed a structure for the disk pulse device’s working
chamber and, based on it, an estimation scheme (Fig. 1). In
this case, we accepted the following assumptions:

— the process in a disk pulse device is axisymmetric; we
disregard changes in the physical quantities along the angu-
lar coordinate (9/0¢=0);

— the process is stationary (changes in the physical quan-
tities over time are not significant d/9¢=0);

— mass forces are neglected (p-g;=0);

— the component of speed V, is neglected since h<< Ry

—we do not consider the temperature gradient due to
heat conductivity along the 7 axis and the convective heat
transfer along the z axis.
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Fig. 1. Estimation scheme for building mathematical models:
1 — fixed disk; 2 — rotating disk; 3 — body; 4 — sealing ring;
5 — heat insulating element

Considering the first three assumptions, the motion
equations of a liquid along a disk channel in the cylindrical
coordinate system, taking into consideration the deforma-
tion velocity tensor component [21], will take the form, for
a Newtonian fluid:
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Continuity equation in the cylindrical system (1) is:
v, + V.. 0. (6)
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The latter expression produces the following ratio:
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Assuming the angular component of velocity is propor-
tional to the radius:

V,=¢(2)-r. ®)

In expressions (7), (8), f(z) and ¢(z) are the functions
that depend on coordinate z.

Substituting (7), (8) in expressions (3), (4) leads to the
system:
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We neglect a change in pressure along the radial axis at
head-free flow, when a pressure gradient along the z axis is
zero. Finally, the system of equations for functions f(z) and
¢(z) will be given in the form:

ﬂ.f,;(z)+p-[f£§)+€(z)2-r]=0; (12)
n.g"(z).r_p.%(z)-g(z)zo. (13)

The mathematical models were implemented using the
mathematical software Mathcad 11, applying the com-
putational unit Given-Odesolve. The accepted boundary
conditions were the following parameters: viscosity coeffi-
cient of a fluid n=5.471-10"% Pa-s; the angular velocity of
disk rotation w=6.0s71; a liquid’s density p=988.1 kg,/m?;
the height of a disk channel 2=(5+12)-10"3 m; the radius of
adisk r=0.11+0.17 m.

Fig. 2, 3 show the estimation dependences from the con-
structed mathematical models.
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Fig. 2. Estimation dependences from the constructed
mathematical models: @ — function f(z); b — function ¢(2)
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Fig. 4 shows the velocity components dependences at
different values of radii.



0.500 1 0.500 | The coefficients included in the last ex-
pressions accept the following values: k1=
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Fig. 4. Estimated values for velocity components at different radii:
1—=r=017m;2—r=0.14m;3—r=0.11m; 4 — r=0.08 m; 5 — r=0.05 m:
a — value for component V/(z); b — value for component V,(z)

In further calculations, in order to apply the results
obtained, we shall approximate velocity components V,(2)
and V(2). The approximation is based on the generalized re-
gression function /infit from the software package Mathcad.

Fig. 5, 6 show the results of approximating the radial V,
and tangential V,, velocity components.

Fig. 5. Approximating 3D diagram for the velocity radial
component V,

3
0 z, m

Fig. 6. Approximating 3D diagram for the velocity tangential
component V,

Approximating expressions for velocity components are
recorded in the analytical dependences:
— for the radial component:

V. (r,z)=kl-7-z-exp(c-z)+k2-r-z-sin(n-z/h); (14)
— for the tangential component:

V,(r.2)= (k7" + k1, -r"") -z exp(cl-2)+

+ (k27" + k2, r )2 (15)
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These equations, taking into consideration the assump-
tions introduced, are recorded, accordingly:
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Equation (18), in addition to velocity components V,
and V,, includes their deformations — 9V,/dr and 9V,/0z,
dVy/0r and 0V,/0z. By differentiating them and introducing
a simplifying notation, we obtain the following values of
deformations:
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Taking into consideration the rheological equation of
state for a Newtonian fluid, we shall rewrite equation (18)
as follows:



fA(r,2)+ f2(r,2)+

; 23
+/3(r,2)+ f4(r,2)+ f5(r,2) 23)

Fdis(r’z):n'[

where

Z, m

Fig. 7. 3D diagram for the dissipation function Fgg

Dissipation function can be used to determine the power
that is consumed in the working area of any geometric con-
figuration, including a disk channel. To this end, it is neces-
sary to integrate the dissipation function for the volume of
a working zone. If a working area is of a regular shape (for
the case of a disk channel), the volumetric channel can be
represented in the form of a triple integral, and the triple
integral — as a double one, provided the symmetry relative
to the angular coordinate. Then, to determine the power in
a disk channel, the following expression holds:

h
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where Ry, Ry are, respectively, the initial and final radii of a disk.
Dissipation function (23), considering dependences (18)
to (22), is cumbersome in terms of the ratios it includes. To
simplify the application of this expression when determining
a temperature field from equation (17), we shall approximate
it (similar to the approximation of velocity components).
Then the approximating expression for the dissipation func-
tion takes the form:
F,.=1" kl-exp(a2 z). (25)
For the examined case, the coefficients appearing in the

last expression accept the following values: a2=2, b2=3.3,
¢2=4,000, d2=100.

We shall rewrite the thermal energy balance equations (17)
considering a Fourier law of heat flow g,=—\-9T/dz, where A is
a thermal conductivity coefficient:

2
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The analytical solution to equation (26) is derived by
applying a method of the integral Laplace transform [21, 22].

In this case, one must have two boundary conditions
along the z coordinate and one initial condition along the
radial coordinate 7.

With respect to the initial condition along the  coordi-
nate we write:

T=T at r=R, 27)
where T, is the initial temperature at the inlet to a working
channel.

Along the z coordinate, in a general case, there apply the
boundary conditions of orders I, II, and II1:

— boundary condition of order I; when one assigns tem-
perature Ty

T=T

w0

at x, =W, (28)
where x; is the generalized coordinate; W is the characteristic
dimension;

— boundary condition of order II; when one assigns the
heat flow g:

T

=qg at x,=W;
o, G

i

(29)

— boundary condition of order III; when one assigns,
along the surface of the channel, convection heat exchange
with the environment:

oT
ix-a—%zar-(n—T) at x, =W,

(30)
where T, is the ambient temperature; o7 is the heat transfer
coefficient.

The plus and minus signs correspond to the direction of
the coordinate axis and a heat flux vector, when directions
match — plus, otherwise — minus.

For boundary conditions of order IT with respect to ratio
(29), for the case of a thermally insulated surface, one can write:

I 0 at x=W. (31)
ox,

For a fixed disk, given a possibility of structural exe-
cution of a thermal stabilization system, one can apply the
first-kind boundary condition, and for a rotating disk, subject
to its thermal insulation, one should use ratio (31). Then the
boundary conditions along the z coordinate are recorded in
the form:

T=T, at z=0;

32
a—T=0 at z=h, (32)
0z

where T}, is the body’s temperature from the side of a liquid.



In addition to the temperature, used for the Laplace
transform, there are two functions that depend on coordi-
nate 7, namely the velocity component V, and the dissipation
function F.

When deriving the analytical solution, we used the proce-
dure proposed in [23, 24]. Fixed values for the velocity com-
ponent V, and Fy along the 7 coordinate, corresponding to
their averaged values along the z coordinate, shall be denoted
by V,. and F,. The latter assumption holds if calculation is
performed in steps along the radial coordinate. In this case,
at each step, the initial value for temperature is adjusted.
Thus, the resulting value for temperature at the preceding
step becomes the initial value at the subsequent step.

Then equation (26) can be written as:

2
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: 33
oo 0z* G3)

Upon the integral Laplace transform along the » coordi-
nate, equation (33) takes the form:

d*’® F,
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where 0 is the temperature image T; s is the variable of
a Laplace transform; T(0) is the initial temperature value
(considering notation in (27), we obtain 7(0)=T,); ['(b2+1)
is the gamma function.

We rewrite expression (34) as follows:

2
F
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where a is the coefficient of thermal diffusivity (a=A/(p-C,)).
Expression (35) is a differential equation in ordinary de-
rivatives, its solution is recorded by analogy [34].
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Upon completion of the required transformations, equa-
tion (36) is reduced to the form:
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The integration constants C; and C, were determined
considering the boundary conditions (32):

T,
d="t at z=0;
s

(38)

o =0 at z=h.
z

To derive expressions for the temperature field distribu-
tion in the original, one must find the originals of each of the
complexes in the right-hand side of equation (37).

Detailed transition from the image to the original for
equations in the form (37) is given in paper [11].

Finally, in the original, the distribution of a temperature
field in the disk channel can be represented as follows:

2-(T,-T,

T(r,2)=T,+ - ) -Fl(r,z)—%ghz-FZ(r,z), (39)
where
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We calculated a temperature field in line with the mathe-
matical model (39) using the mathematical software Math-
cad. The following conditions were adopted: p=988 kg,/m?;
h=(5+12)10% m; C,=4,181]/(kg'K); A=0.648 W /(m-K);
T,=293 K; T;=333 K.

The averaged values for V,, and F;. match expressions
(14) and (25).

Fig. 8 shows a three-dimensional diagram of the tempera-
ture field distribution in a disk gap.

Fig. 8. 3D diagram of the temperature field distribution
in a disk gap

Analysis of the temperature field distribution in a disk
gap indicates that the maximum temperature of 330 K corre-
sponds to the impeller’s radius 7=0.16—0.17 m and the height
of a disk channel (along the z axis) 2=0.012 m.



3. Description of the design features of the experimental
disk pulse generator

To verify adequacy of the constructed mathematical mo-
dels, which define the influence of geometric parameters for
the disk pulse devices’ channels on efficiency of the processes
of heat exchange and fluid dynamics, we have performed
an experimental study into the flow of an incompressible
fluid in the disk pulse device. To this end, we designed and
manufactured a disk pulse heat generator (Fig.9). The heat
generator represents a working chamber with the varying
geometry of disk channels and the working disk’s diameter
(a rotor’s step). Based on it, we assembled an experimental
bench equipped with a measurement system for testing ope-
rations (Fig. 10).

T heated
heat-carrier

M_f

N | [hik=

A change in the number of disks mounted onto the ro-
tor shaft (impellers) enabled the process of single-step and
multi-step cavitation. Based on the systematic analysis of re-
search results, we determined the most efficient geometry of
a disk pulse heat generator in order to subsequently integrate
it into the system of decentralized heating.

6. Testing the disk pulse heat generator

A procedure for testing the disk pulse heat generator
for energy efficiency was consistent with the procedure de-
scribed in [2].

In this case, we monitored the temperature, flow rate,
pressure at the inlet and outlet of the heat generator, the

power used, rotation number, consumption of the
heated heat-carrier G=0.27+1.1 kg/s, installation
power N=7.5+15kW-h; the number of revolu-
tions of the rotor’s rotation n=2,500+3,000 rpm
6 in accordance with the diagram in Fig. 10. Di-
mensions of the working chamber, the impeller’s
radius 7=0.17 m and the height of a disk channel
h=12-10"3 m, matched the maximum values for
efficiency of the processes of hydrodynamics and
heat exchange, derived on the basis of mathema-
tical models (Fig. 5-8).

n We treated the experimental data from

( 25 experiments (5-time experimental heating

I o]

T_-
18
/] ]
N 7 \
N
Tcold
heat-carrier

Fig. 9. Principal diagram of the designed disk pulse heat generator:
1 — stator’s body; 2 — stator disk; 3 — working disk (stator’s step);

4 — rotor seal; 5 — bearing; 6 — rotor shaft

at each representative point under the selected
boundary conditions) in line with the procedure
from [25].

Fig. 11 shows the thermograms of heating
energy efficient structures of the single-step and
two-step disk pulse heat generators. Each point
at a thermogram corresponds to the average
indicators for five-time experimental heating at
representative points. Approximation of the ex-
perimental points indicates a linear dependence
of temperature on the heating time.

Based on the processed research results, ef-
ficiency (E) of a single-step disk heat generator
(dependence 1) was n=0.76.

In order to enhance efficiency of the heat ge-
nerator, we used a multi-stage pulse influence on
a heat-carrier by mounting the second disk onto
the rotor. A gap between the disks of c=12-10"% m
was established to match the highest indicators
for efficiency of the processes of heat exchange
and hydrodynamics, derived on the basis of ma-
thematical models (Fig. 5-8).

Efficiency coefficient based on the results

from processing the data from the study (depen-
dence 2) amounted to n=0.84.

Thus, the method of a multi-stage pulse in-
fluence, taking into consideration the results

of mathematical modeling, experimentally con-
firmed and implemented in the structural execu-

Fig. 10. Experimental bench for testing effectiveness of the disk pulse
heat generator operation: 1 — electric motor; 2 — chamber

of disk pulse heat generator; 3, 5 — pump; 4 — plate heat exchanger;

6 — accumulating capacity

tion of the disk pulse heat generator’s working
chamber, has made it possible to improve its
energy efficiency by 12 %.

A general view of the heat-generating in-
stallation with the designed heat generator with
a two-stage pulse influence on a heat-carrier is
shown in Fig. 12.
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Fig. 11. Thermogram of heating a heat-carrier
at a single-step — 1 and a two-step — 2 disk pulse heat
generators

Fig. 12. General view of the heating system for a shopping
mall with the integrated disk pulse heat generator:
1 — electric motor; 2 — disk pulse heat generator;
3 — heat exchanger

The designed heat generator was integrated into a heat
supply system for a shopping mall with the total area
of 2,700 m2.

7. Discussion of results of studying the designed disk
pulse heat generator

is 7=0.17 m and the height of a disk channel is 7=12-1073 m.
At the same design parameters, we achieved the maximum
value for the dissipation function Fy=12-1073 Pa/s (Fig. 7).
A dissipation function is used to determine thermal capacity
of the working chamber in a disk pulse device.

The base for the structural execution of the disk pulse
device’s working chamber is the following values: #=0.17 m
and 2=12-10"3 m.

2. The optimization of parameters for the process of hy-
drodynamics (velocity and its components) inside the heat
generator’s working chamber.

The maximum value for the tangential velocity compo-
nent at the specified geometrical parameters for a working
chamber is Vo=1.2m/s (Fig. 6). At the same parameters,
a value for the radial velocity component V, is minimum
(Fig. 5). The maximum value of V,=0.5 m/s can be achieved
at 7=0,17 m and 2=8-10"3m (Fig. 6). Such a disparity bet-
ween the components of the specified velocities is associated
with the distribution of pressure inside the working chamber
of a disk pulse device.

3. The application of a multi-stage system of pulse influ-
ence on a heat carrier.

Improving the energy efficiency of blade disk devices
(pumps, turbines, compressors) under a multistage (2-fold,
3-fold and larger) influence on a working medium is ex-
plained by the jet theory of fluid flow by Euler, which under-
lies their operation.

The body of rotating disks hosts the ladle-shaped recesses
in the form of turbine blades. Such a profile of disks was se-
lected based on the conducted research, in comparison with
other designs of disks [3]. The passage of a working medium
through the device’s steps increases its pressure that promotes
the collapse of cavitation bubbles, the release of additional
energy, a decrease in heating time, greater efficiency (Fig. 11).

4. The application of means of automated control over
a heating system with the integrated heat generator under
the pulse influence on a heat-carrier, which make it possible
to rapidly manage the overall process [3].

The obtained experimental indicators for energy efficien-
cy of thermal work of the disk pulse heat generator were com-
pared to the results of thermal work of pulse heat generators
from the scientific literature [3, 26].

Efficiency of the designed disk pulse heat generator is
16 % larger (0.84 versus 0.706) than that for the designs of
pulse heat generators with a multistage impulse influence
reported in the literature [26].

When applying a night tariff, efficiency of the designed
heat generator reaches values of 95-98 %, due to a decrease
in the cost of electricity at night by 50 %.

Based on the performed analytical and experimental stu-
dies, we have proven the possibility of using the designed disk
pulse heat generator for the systems of decentralized heating.

8. Conclusions

High energy efficiency of the designed heat-generating
unit is due to the following features of its structure:

1. The optimization of geometrical parameters of its
working chamber based on the results from mathematical
modeling.

As can be seen from a diagram of the distribution of
a temperature field in a disk gap (Fig. 8), the maximum
temperature of 330 K is achieved when the impeller’s radius

1. Our analysis of the temperature field distribution in
a disk gap of the heat generator has revealed that the maxi-
mum temperature of 330 K corresponds to the impeller’s
radius 7=0.16—-0.17 m and the height of a disk channel (along
the z axis) £=0.012 m.

2. To determine the optimal geometrical characteristics
for a disk pulse heat generator, we varied the impeller’s radius
7=0.11+0.17 m; the size of a disk channel A=(5+12)-1073 m;



the flow rate of the heated heat-carrier, G=0.27+1.1 kg/s; 3. Application of the multi-stage pulse influence on
the installation power N=7.5+15 kWh; the number of rotor’'s  a heat-carrier by mounting the second disk on the rotor
revolutions n=2,500—3,000 rpm. It has been established that  predetermined an increase in efficiency up to n=0.84. In this
the maximum value of efficiency for the single-step disk heat  case, the magnitude of gap ¢ between the disks was varied

generator does not exceed N=0.76. within the range of (5+15)-103 m.
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