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Аналітично досліджено дію основних 
параметрів каналів дискових імпульсних 
апаратів на ефективність процесів гід-
родинаміки й теплообміну при імпульсно-
му впливі на теплоносій. Запропоновано 
методологію визначення основних парамет-
рів процесів гідродинаміки й теплообміну 
(швидкості, тиску, температури тепло-
носія) при імпульсному впливі на ріди-
ну. Отримано математичні моделі впливу 
конструктивних і технологічних параме-
трів каналів дискових імпульсних апара-
тів на ефективність процесів гідродинаміки 
й теплообміну. Адекватність математич-
них моделей підтверджена серією експе-
риментальних досліджень на апаратах  
з однією й багатоступінчастою системою 
імпульсної обробки теплоносія. На цій осно-
ві розроблені, апробовані й впроваджені про-
мислові конструкції імпульсних дискових 
теплогенераторів для децентралізованого 
обігріву будинків промислового й побуто-
вого призначення з однією й двох ступеня-
ми імпульсного впливу. Розроблений метод 
багатоступінчастого імпульсного впливу,  
з урахуванням результатів математичного 
моделювання, експериментально підтвер-
дженого й реалізованого в конструктивно-
му оформленні робочої камери дискового 
імпульсного теплогенератора, дозволив під-
вищити його енергоефективність на 12 %. 
Визначена найбільш ефективна геометрія 
дискового імпульсного теплогенератора для 
подальшої інтеграції його в систему децен-
тралізованого теплопостачання.

Проведено серію експериментальних до- 
сліджень, що підтверджують енергоефек-
тивність розроблених пристроїв. Один  
з розроблених теплогенераторів з багато-
ступінчастим імпульсним впливом на тепло- 
носій інтегрований у систему обігріву тор-
говельного комплексу. Показники роботи 
теплогенератора відповідають сучасному 
рівню енергоефективності з КПД=0,86–0,9

Ключові слова: дисковий імпульсний апа-
рат, конструкція теплогенератора, ротор, 
геометрія робочої камери
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1. Introduction

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.

Pulse treatment of technological liquids is used mainly 
as a means of intensification of hydrodynamic and mass 
transfer processes. Currently, devices with the pulse effect on  
a liquid 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: 
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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 (Fdis):
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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 (∂/∂j = 0);

– the process is stationary (changes in the physical quan-
tities over time are not significant ∂/∂t = 0);

– mass forces are neglected (ρ∙gi = 0);
– the component of speed Vz is neglected since h << Rn;
– we do not consider the temperature gradient due to 

heat conductivity along the r 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:
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The latter expression produces the following ratio:

V
f z

rr =
( )

.  (7)

Assuming the angular component of velocity is propor-
tional to the radius:

V z rφ ς= ( )⋅ .  (8)

In expressions (7), (8), f z( )  and ς( )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 
ς(z) will be given in the form:
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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 η = 5.471·10–4 Pa·s; the angular velocity of 
disk rotation ω = 6.0 s–1; a liquid’s density ρ = 988.1 kg/m3;  
the height of a disk channel h = (5÷12)·10–3 m; the radius of  
a disk r = 0.11÷0.17 m.

Fig. 2, 3 show the estimation dependences from the con-
structed mathematical models.

 
 

 

a

b

Fig.	2.	Estimation	dependences	from	the	constructed	
mathematical	models:	a – function	f (z);	b –	function	ς(z)

 
 

 

a

b

Fig.	3.	Estimation	dependences	for	velocity	components:		
a –	Vr(z); b	–	Vj(z)

Fig. 4 shows the velocity components dependences at 
different values of radii.
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In further calculations, in order to apply the results 
obtained, we shall approximate velocity components Vr(z)  
and Vj(z). The approximation is based on the generalized re-
gression function linfit from the software package Mathcad. 

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

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

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

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

– for the radial component:
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– for the tangential component:
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The coefficients included in the last ex-
pressions accept the following values: k1 =  
= 1.038·104, k2 = 3.824·103, c = –5,000, k10 = 
= –1.284·103, k11 = 2.598·104, k20 = –1.794·1012, 
k21 = 3.628·1012, c1 = –585.4, a1 = 4.

To derive the mathematical models de-
scribing a temperature field in the disk chan-
nel, we use expression (2) by applying the 
dissipation function Fdis in the form:
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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 Vr 
and Vj, includes their deformations – ∂Vr/∂r and ∂Vr/∂z, 
∂Vj/∂r and ∂Vj/∂z. By differentiating them and introducing 
a simplifying notation, we obtain the following values of 
deformations:

∂
∂

= ( ) = ⋅ ⋅ ⋅( ) + ⋅
⋅















V
r

dV r z z k c z k
z

h
r

rr , exp sin ;1 2
π

 (19)

∂
∂

= ( ) = ⋅ ⋅ ⋅( )⋅ + ⋅( ) +

+ ⋅ ⋅
⋅





+

V
z

dV r z k r c z c z

k r
z

h

r
rz , exp

sin

1 1

2
π ππ π⋅

⋅
⋅















z
h

z
h

cos ;  (20)

∂
∂

= ( ) =

= ⋅ ⋅ + ⋅ ⋅( )⋅ ⋅ ⋅ +

+

− −

V

r
dV r z

k b r k d r z c z

r

b d

j
j ,

exp( )1 1 1 1 10
1 1

1
1 1

kk b r k d r zb d a2 1 2 10
1 1

1
1 1 1⋅ ⋅ + ⋅ ⋅( )⋅− − ;  (21)

∂
∂

= ( ) =

= ⋅ + ⋅( )⋅ ⋅( )⋅ + ⋅( ) +

+

V

z
dV r z

k r k r c z z c

k

z

b d

j
j ,

exp1 1 1 1 1

2

0
1

1
1

0 ⋅⋅ + ⋅( )⋅ ⋅−r k r z ab d a1
1

1 1 12 1.  (22)

Taking into consideration the rheological equation of 
state for a Newtonian fluid, we shall rewrite equation (18) 
as follows:

 
 

 

 
 

 a b

Fig.	4.	Estimated	values	for	velocity	components	at	different	radii:		
1	–	r = 0.17	m;	2	–	r = 0.14	m;	3	–	r = 0.11	m;	4	–	r = 0.08	m;	5	–	r = 0.05	m:		

a	–	value	for	component	Vr(z);	b	–	value	for	component	Vj(z)

Vj, m/s
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A 3D diagram for the dissipation function is shown in Fig. 7.

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

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:
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where R1, R2 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 r k a zdisA
b= ⋅ ⋅ ⋅( )2 1 2exp .  (25)

For the examined case, the coefficients appearing in the 
last expression accept the following values: a2 = 2, b2 = 3.3, 
c2 = 4,000, d2 = 100.

We shall rewrite the thermal energy balance equations (17)  
considering a Fourier law of heat flow qz = –λ ·∂T/∂z, where λ is  
a thermal conductivity coefficient:
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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 r. 

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

T Tn=  at r R= 1,  (27)

where Tn 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 III:

– boundary condition of order I; when one assigns tem-
perature Tw:

T Tw=  at x Wi = ,  (28)

where xi is the generalized coordinate; W is the characteristic 
dimension; 

– boundary condition of order II; when one assigns the 
heat flow qw:
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q
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– boundary condition of order III; when one assigns, 
along the surface of the channel, convection heat exchange 
with the environment:
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where Tc is the ambient temperature; αT 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 II with respect to ratio 
(29), for the case of a thermally insulated surface, one can write:

∂
∂

=
T
xi

0  at x Wi = .  (31)

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 z

T
z

z h

k= =
∂
∂

= =







at

at ,

0

0

;
 (32)

where Tk is the body’s temperature from the side of a liquid. 
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In addition to the temperature, used for the Laplace 
transform, there are two functions that depend on coordi-
nate r, namely the velocity component Vr and the dissipation 
function FdisA.

When deriving the analytical solution, we used the proce-
dure proposed in [23, 24]. Fixed values for the velocity com-
ponent Vr and FdisA along the r coordinate, corresponding to 
their averaged values along the z coordinate, shall be denoted 
by Vrc and Fdc. 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:

ρ λ⋅ ⋅ ⋅
∂
∂

= ⋅
∂
∂

+C V
T
r

T
z

Fp rc dc

2

2 .  (33)

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

ρ λ⋅ ⋅ ⋅ ⋅ − ( )  = ⋅ +C V s T
d
dz

F
sp rc

dcΦ
Φ

0
2

2 ,  (34)

where J 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 T(0) = Tn); Γ(b2+1) 
is the gamma function. 

We rewrite expression (34) as follows:

d
dz

V
a

s
V
a

T
F
s

rc rc
n

dc
2

2

Φ
Φ− ⋅ ⋅ = − ⋅ − ,  (35)

where a is the coefficient of thermal diffusivity (a = λ/(ρ·Cp)).
Expression (35) is a differential equation in ordinary de-

rivatives, its solution is recorded by analogy [34].

Φ = ⋅
⋅

+ ⋅
⋅

+ ⋅ + ⋅∫ ∫j
j

j
j

j j2
1

1
2

1 1 2 2

h
W

z
h

W
z C Cd d ,  (36)

where

j
λ

1 2
= ⋅





exp ;k z  j
λ

2 2
= − ⋅





exp ;k z  

W
d
dz

d
dz

= ⋅ − ⋅j
j

j
j

1
2

2
1 ,  λk rcV a s= ± ⋅ ⋅2 .

Upon completion of the required transformations, equa-
tion (36) is reduced to the form:

Φ = +
⋅

⋅
+ −( ) ( ) −

⋅
⋅

⋅ ( )T
s

F a
s V

T T CH s z
F a
s V

CH s zn dc

rc
k n

dc

rc
2 , , ,  (37)

where

CH s z

V
a

s h z

s
V
a

s h

rc

rc

,

cosh

cosh

.( ) =
⋅ ⋅ −( )









⋅ ⋅ ⋅










The integration constants C1 and C2 were determined 
considering the boundary conditions (32):

Φ

Φ

= =

∂
∂

= =










T
s

z

z
z h

k at

at .

0

0

;
 (38)

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:

T r z T
T T

F r z
F h

F r zk
k n dc, , , ,( ) = +

⋅ −( )
⋅ ( ) −

⋅ ⋅
⋅ ( )2

1
2

2
2

3π π
 (39)

where
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2 2
2

k k2 1 2= − .

We calculated a temperature field in line with the mathe-
matical model (39) using the mathematical software Math-
cad. The following conditions were adopted: ρ = 988 kg/m3; 
h = (5÷12)·10-3 m; Cp = 4,181 J/(kg·K); λ = 0.648 W/(m·K); 
Tn = 293 K; Tk = 333 K.

The averaged values for Vrc and Fdc 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 r = 0.16–0.17 m and the height 
of a disk channel (along the z axis) h = 0.012 m.
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5. 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).

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÷15 kW·h; the number of revolu-
tions of the rotor’s rotation n = 2,500÷3,000 rpm 
in accordance with the diagram in Fig. 10. Di-
mensions of the working chamber, the impeller’s 
radius r = 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).

We treated the experimental data from 
25 experiments (5-time experimental heating 
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 η = 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 с = 12·10–3 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 η = 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-
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.

 

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

 
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
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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

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 

is r = 0.17 m and the height of a disk channel is h = 12·10–3 m. 
At the same design parameters, we achieved the maximum 
value for the dissipation function Fdis = 12·10–3 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: r = 0.17 m 
and h = 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 Vj = 1.2 m/s (Fig. 6). At the same parameters, 
a value for the radial velocity component Vr is minimum 
(Fig. 5). The maximum value of Vr = 0.5 m/s can be achieved 
at r = 0,17 m and h = 8·10–3 m (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

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 r = 0.16–0.17 m and the height of a disk channel (along 
the z axis) h = 0.012 m.

2. To determine the optimal geometrical characteristics 
for a disk pulse heat generator, we varied the impeller’s radius 
r = 0.11÷0.17 m; the size of a disk channel h = (5÷12)·10–3 m; 
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the flow rate of the heated heat-carrier, G = 0.27÷1.1 kg/s; 
the installation power N = 7.5÷15 kWh; the number of rotor’s 
revolutions n = 2,500–3,000 rpm. It has been established that 
the maximum value of efficiency for the single-step disk heat 
generator does not exceed η = 0.76.

3. Application of the multi-stage pulse influence on  
a heat-carrier by mounting the second disk on the rotor 
predetermined an increase in efficiency up to η = 0.84. In this 
case, the magnitude of gap c between the disks was varied 
within the range of (5÷15)·10–3 m.
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