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Influence of the air flow 
velocity relatively thermostat 
obturator on the effectiveness 
of induced heat and mass 
transfer

Досліджено особливості протікання ефекту індукованого тепломасообміну за різної швидкості 
потоку повітря, що рухається відносно обтюратора термостата. Розраховано енергетичний 
баланс ефекту індукованого тепломасообміну за різної швидкості потоку повітря для виявлення 
особливостей даного ефекту. Визначені межі регулювання інтенсивності ефекту тепломасообміну 
швидкістю потоку повітря, що рухається відносно обтюратора термостата.
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1.  Introduction

Environmental problems, the increase in the cost of 
energy resources determine the significant interest of food 
enterprises in the use of energy-efficient technologies and 
equipment for processing food raw materials and manufac­
turing products made from it  [1]. At present, the problem 
of processing agricultural raw materials and products with 
the aim of reducing their losses  [2], increasing the shelf 
life  [3], improving the quality of food products [4] and 
their competitiveness is topical  [5].

A promising direction in solving these problems is 
the use of induced processes in production  [6]. For such 
processes of heat transfer, mass, momentum, etc. does not 
occur autonomously, but only under the condition of over­
coming some energy activation barrier [7]. Apparatus crea­
ted using such processes, as a rule, are characterized by 
high energy efficiency and environmental friendliness  [8].

2. �T he object of research and its 
technological audit

One of such induced processes is the process, which 
is based on the effect of induced heat and mass trans­
fer  (IHMT)  [9]. This effect is the object of research. So 
far, this effect has been theoretically developed only within 
the framework of the process of drying food raw mate­
rials  (drying with mixed heat supply)  [10].

The IHMT effect is observed in a thermostat. The tem­
perature of the thermostat Ttermostat is kept constant, and its 
heat capacity is considered to be infinite. In the allocated 
volume inside the thermostat Vtermostat there is a liquid vo­
lume Vliquid and gas volume Vgas, which is a mixture of air 
and water vapor. Also Vtermostat may contain an insoluble or 
partially soluble in liquid dry substance with a volume of  Vsolid, 
which has either no specific structure. The pressure in the 
thermostat ptermostat is constant and equals atmospheric p∞.

The thermostat is combined with the environment 
through the obturator, which is an opening in a thermo­

stat with a capillary-porous body (CPB) placed in it, the 
volume of which is much smaller than the internal volume 
of the Vobt << Vtermostat. The surface area of the obturator 
is much smaller than the surface area of the thermostat 
Sobt << Stermostat. The obturator limits the free access of am­
bient gas to the internal volume of the thermostat.

A thermostat with two or three phases and an ob­
turator form a system that has two equilibrium states:

–	 unstable equilibrium – the temperature of all parts 
of the dynamic system asymptotically tends to the 
temperature of the thermostat, while there is practi­
cally no mass exchange with the environment;
–	 stable equilibrium, the temperature of all parts of 
the dynamic system is equal to the temperature of the 
thermostat, while the liquid phase inside the thermostat 
is absent.
The IHMT effect consists in the transition of the system 

from an unstable equilibrium to a stable one, which is ac­
companied by the dissipation of heat due to the transition 
of the liquid phase in the thermostat to the gas state.

For today, in spite of a large number of experimental 
data obtained for the IHMT effect, the physical mechanism 
of a number of features of its course remains insufficiently 
described, and it is impossible to explain them based on 
the theoretical foundations given in the studies on its 
investigation [10]. Decompositions of the theoretical foun­
dations of the IHMT effect determine the prospectivity 
of the study, which consists in identifying the potential 
for its use in various technologies and in the efficient 
management of energy costs to produce products with 
specified properties.

To identify the IHMT features, a technological audit 
is conducted, which is aimed at determining the effect of 
the air flow velocity, moving relative to the thermostat 
obturator, on the nature of this effect. At the same time, 
experimentally obtained temperature kinetics of a model 
colloidal capillary-porous body (CCPB) in the internal 
volume of the thermostat during the IHMT is investigated. 
And also the heat balance of this effect is calculated for 
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different values of the air velocity moving relative to the 
thermostat obturator.

3. T he aim and objectives of research

The aim of research is determination of the limits of the 
energy efficiency regulation of IHMT effect by detecting 
the influence on its nature of such control parameter as 
the flow velocity of air moving relative to the thermostat 
obturator.

To achieve this aim it is necessary:
1.	 Determine the position of the characteristic local 

minima and maxima on the CCPB temperature kinetics 
during IHMT for different values of the control parameter.

2.	 Calculate the energy balance of the IHMT effect at 
different airflow velocities, moving relative to the ther­
mostat obturator, to reveal the features of this effect.

3.	 Analyze the differences between the kinetics of the 
heat flux, which is consumed in the internal environment 
of the thermostat, at different airflow velocities moving 
relative to the obturators.

4. �R esearch of existing solutions  
of the problem

The system «environment – internal environment of 
the thermostat», under the condition of the IHMT ef­
fect, is a dynamic system with respect to the mass and 
thermal energy  [11]. In such systems, possible processes 
of self-organization, which cause efficient dispersion (dis­
sipation) of thermal energy due to phase transitions of the 
first kind  [12]. For this system, two groups of parameters 
are distinguished: the order parameters are the internal 
properties of the system that determine the IHMT scale 
and its kinetics; control parameters are factors that allow 
to adjust the power of the effect by external actions.

The paper considers the possibility of controlling the 
IHMT effect intensity by its control parameters. At the 
same time, existing solutions to this problem can be found, 
based on the necessary and sufficient conditions for the 
organization of the IHMT effect. Among them, it is ne­
cessary to distinguish the condition that the components 
of the dynamic system must fulfill for IHMT realization: 
the presence of fluctuations at the interface between the 
internal and external environment. The technical real­
ization of this condition is provided by the method of 
creating a flow of air moving relative to the outer surface 
of the obturator and its parameters. Fluctuations in the 
concentration of water molecules of the internal gaseous 
medium are created by mechanical disturbances that can 
be realized by an external  [13] or internal  [14] gaseous 
medium of the thermostat.

The first of the methods for creating fluctuations can 
be organized by blowing the surface of the obturator ex­
ternal with respect to the inside of the thermostat. The 
external surface of the obturator is blown by a stream of 
air at a rate at which the air flow regime corresponds to 
the turbulent flow regime. As a result of the formation of 
turbulent disturbances near the surface, it is washed by  
a stream of air, pulsations of air velocity [15] perpendicular 
to its direction occur in the flow. Such pulsations have 
a stochastic character  [16] and create fluctuations in the 
parameters of the gaseous medium of the thermostat in 
the volume of the obturator during IHMT.

Another way to create fluctuations in the concentra­
tion of water molecules of the internal gas medium in the 
volume of the obturator is the excitation of mechanical 
oscillations in a given medium. Excitation of oscillations 
is possible by generating sound vibrations  [17] of the ap­
propriate frequency in a continuous gaseous medium inside 
the thermostat by appropriate devices  (infrasound  [18], 
ultrasonic  [19], sound  [20] generators, etc.).

However, it should be noted that the presence of 
air flow relative to the outer surface of the obturator 
is necessary both for the first method of organizing the 
concentration fluctuations and for the other. The air flow, 
firstly, can create a fluctuation in the obturator, if ne­
cessary. Secondly, it reduces the diffuse layer, which is 
formed by liquid molecules in the gaseous state through 
mass exchange between the surrounding medium and the 
internal medium of the thermostat and which reduces 
the gradient of the concentration of water molecules in 
the volume of the obturator. Reducing the concentra­
tion gradient of water molecules in the obturator helps 
to reduce the magnitude of the induced mass flow. Thus, 
from the point of view of the IHMT efficiency, the or­
ganization of air movement relative to the outer surface 
of the obturator is necessary both from the first way of 
creating the fluctuations, and from the other. Proceeding 
from the work mentioned above, studies are carried out 
to determine the effect the IHMT effect on the character 
of one of the air flow characteristics moving relative to 
the thermostat obturator – its velocity.

5.  Methods of research

In the study, a thermostat is used, the internal extracted 
volume of which has the form of a parallelepiped  (Fig.  1) 
with dimensions of 95 × 15 × 22  mm  (heat and mass ex­
change module  (HME  module), which limits the internal 
volume of the thermostat). The obturators are made on 
the 95 × 15  mm plane of the HME module. The width of 
the obturator plane, which borders on the environment 
is 1  mm, the length is 95  mm.

Fig. 1. Diagram of the experimental device for detecting the effect of the 
air movement velocity relative to the obturator on the nature of the induced 
heat and mass transfer effect: 1 – a module that limits the internal volume 

of the thermostat; 2 – channels for air flow; 3 – heating elements

Along the gaps with obturators, the tubes are fixed, 
in which the longitudinal slots are made in size not less 
than the clearance by the obturator. They are tightly at­
tached to the outer surface of the HME module in such 
way that the slots coincide with the gaps. The tubes,  
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driven by the compressor, are moving along the tubes. 
Thermostating is carried out in a conductive manner from 
two heating elements of 22 × 95  mm in plane. It should be 
noted that the voltage on the heating elements and the 
current through them are kept constant, so it is possible 
to assume that the heat flux from the heating surfaces is 
kept constant. This is one of the principal differences in the 
IHMT provision in this paper from previous studies  [21].

The thermostat is tightly filled with the model CCPB. 
In this study, pieces in the form of parallelepipeds measu­
ring 95 × 5 × 22  mm are cut out, which are located along 
the gaps in the internal walls of the thermostat, parallel 
to the heating surfaces. The functions of the obturator 
carry out the CCPB part tightly adjacent to the gap.

Thermocouples are placed in the layers of the raw ma­
terial, as shown in Fig.  2.

Fig. 2. Diagram of thermocouple placement in the inner part  
of the thermostat from Fig. 1: 1, 2, 3, 4, 5, 6 – thermocouples

The hydrodynamic pressure is deter­
mined using a Pitot tube placed in one 
of the channels along which air moves. 
The hydrodynamic pressure varies dis­
cretely with the compressor setting and  
has a value of Pa: 100; 50; 10. The air 
movement velocity is determined by the 
formula:

ν
ρ

=
2pdyn

, 	 (1)

where pdyn  – hydrodynamic air pressure, 
Pa; ρ – air density, kg/m3.

In this case, the air movement ve­
locity  (hydrodynamic pressure) in ac­
cordance is equal, m/s (Pa): 13  (100); 
9 (50); 4 (10). An analysis of the nature 
of the IHMT effect and its efficiency is 
based on the nature of the CCPB tem­
perature kinetics and the location of local 
minima and maxima on these kinetics.

6. R esearch results

The CCPB temperature kinetics dur­
ing the IHMT effect, obtained for the 
velocity (hydrodynamic pressure) of the 
air flow moving relative to the obturators, 
is 13  m/s  (100  Pa), is shown in Fig.  3.

The nature of the model CCPB tem­
perature kinetics obtained from thermo­
couples located at different points inside 
the thermostat is the same. The figures in 

Fig. 3 denote the numbers of thermocouples from Fig. 2. The 
CCPB temperature grows and reaches a certain value (from 
0.1  durations to 0.15 for different coordinates), from which 
the temperature decreases. Starting from 0.38...0.4 durations, 
a change in the slope of the temperature kinetics takes 
place – the temperature decrease becomes more significant. 
Beginning with 0.7 duration of the process, a sharp decrease 
in temperature occurs, which ends at a minimum  (0.83  (3), 
0.85  (4,  5), 0.87  (2)). Then the temperature increases and 
reaches the temperature of the thermostat.

Based on the form of the CCPB temperature kinetics 
during the IHMT, they can be divided into 5 charac­
teristic regions  (Fig.  4). In the first section there is an 
increase in the CCPB temperature before reaching a local 
maximum. This section corresponds to the heating of the 
material to a certain temperature and the achievement of 
a bifurcation point by the system. In the second and third 
sections, the temperature decreases monotonically. These 
areas are distinguished by the inclination angle to the 
axis, on which the duration of the process is postponed. 
In the second and third sections, the intensity of dissipa­
tion of the heat flux that comes from the walls of the 
thermostat on the phase first-order transition increases.

In the fourth section, the temperature of the raw 
material decreases sharply and reaches a local minimum. 
The minimum temperature corresponds to the completion 
of the IHMT effect due to the outflow of system water 
participating in the effect in the thermostat. CCPB ap­
pears in the region of gyroscopic moisture content, which 
is proved by its kinetics of moisture content  (Fig.  4).
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Fig. 3. Kinetics of the temperature of a colloidal capillary-porous body at a velocity (hydrodynamic 
pressure) of the air flow moving relative to the thermostat obturator – 13 m/s (100 Pa):  

1, 2, 3, 4, 5, 6 – thermocouples from Fig. 2
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Fig. 4. Periodization of the kinetics of temperature and moisture content of a model colloidal 
capillary-porous body during the induced heat and mass transfer in a thermostat
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The increase in the inclination angle during the transi­
tion from the second section to the third, from the third 
to the fourth is due to the development of the power 
of heat dissipation by the dissipative structures during 
IHMT. The effect is completed at the maximum power 
dissipation of heat by dissipative structures due to the 
expiration of a part of the water that can evaporate.

In the fifth section, the temperature increases and 
reaches the temperature of the thermostat. This section 
corresponds to the heating of the internal medium of the 
thermostat, namely solid, liquid and gas phases, to the 
temperature of the thermostat.

Kinetics of the CCPB temperature for two other values 
of motion velocity (hydrodynamic pressure) of the air flow 
moving relative to the obturators, that is, 9  m/s  (50  Pa) 
and 4  m/s  (10  Pa), have the same character. The differ­
ences are in the duration of the second, third and fourth 
sections corresponding to the «start», «flow» and «end» 
of the IHMT effect. For increasing the blowing velocity, 
the length of the sections varies as follows  (Table  1).

Table 1

The relative length of the sections of the temperature kinetics  
during the induced heat and mass transfer

Velocity (hydrodynamic 
pressure), m/s (Pa)

Length of section Δτ/τmax, s/s

ІІ ІІІ IV

4 (10) 0.58 0.12 0.08…0.125

9 (50) 0.5…0.55 0.2 0.12

13 (100) 0.23…0.3 0.3 0.17

The relative length of the second section decreases 
for increasing the blowing velocity: with an increase in 
velocity by 2.25  times – by 5...14  %, with an increase 
of 3.35  times – by 48...60  %.

The relative duration of the third section increases 
with a change in the blowing velocity: with an increase 
in velocity of 2.25  times – by 67  %, with an increase of 
3.35  times – by 150  %.

The relative length of the fourth section increases in­
significantly, 2.25  times, within the margin of error, and 
by an increase of 3.35  times by 62  %.

Evidently, changes in the relative length of the second, 
third, and fourth sections are associated with a change 
in the intensity of the heat flux dissipation that flows to 
the internal medium of the thermostat. This flow is spent 
on evaporation of the CCPB system water and depends 
on the velocity  (hydrodynamic pressure) of the air flow 
moving relative to the obturators.

To identify the reasons for this influence, let’s write 
down the energy balance of the IHMT effect in a ther­
mostat under the given conditions. One of the initial data 
for calculating the balance is the kinetics of the tempera­
ture of the wall of thermostat  (thermocouple 1 of Fig.  2), 
which re fixed during the experiment. The kinetics of the 
wall temperature of the thermostat is proportional to the 
heat flux to the internal medium of the thermostat with 
a certain coefficient.

The kinetics of the heat flux of the «environment – 
thermostat – internal medium of the thermostat» system 
will look like:

q q qtermostat loss in= + , 	 (2)

where qtermostat – heat flux that is provided by the heating 
surfaces of the thermostat, J/s; qloss – constant heat flux 
into the environment, due to thermal convection from the 
outer surface of the thermostat walls, which contact the 
environment, J/s; qin – heat flux that flows to the internal 
environment of the thermostat, J/s.

To account for heat losses qloss from the outer surface of 
the walls of the thermostat to the environment, an experi­
ment is performed in which a thermostat is heated, filled 
with a material with a known constant heat capacity, to the 
equilibrium temperature. At the same time, the conditions for 
conducting the experiment are created in the same way as in 
the case of IHMT in a thermostat with a wet CCPB inside.

Based on the results of the experiment, the kinetics 
of the wall temperature during the heating process, as 
well as the kinetics of the heat flux, is obtained, which 
enters the internal medium of the thermostat filled with 
a material with a known constant heat capacity. The ki­
netics of the heat flux to the internal medium of the 
thermostat was calculated based on the kinetics of the 
temperature of the material with a known heat capacity 
that filled it. The investigations are carried out at an 
ambient temperature of 20...23  °C.

The obtained dependences are characterized by a constant 
scale coefficient coefscale. This coefficient is an effective coef­
ficient of heat exchange between the inner surface of the 
walls of the thermostat and its internal allocated volume. It 
depends on the area of the outer surface of the thermostat 
walls that come into contact with the environment, and 
on the wall temperature and ambient temperature. In the 
case under consideration, for the equilibrium temperature 
of the thermostat 68...71  °C and the ambient temperature 
of 20...23  °C, the scaling factor is –116  W/°C. Thus, by 
multiplying the kinetics of the temperature of the thermostat 
walls by a given scale factor, it is possible to determine 
heat flux, which flows to the internal environment of the 
thermostat from the surface of its walls:

q coef Tin scale termostat side t const
= ( )

∞ =
τ , 	 (3)

where Ttermostat side(τ) – the function describing the tempera­
ture kinetics of the heating surface.

The heat flow to the internal environment of the ther­
mostat is spent on the phase transition of water  (qevapor) 
and CCPB  (qsolid) and water  (qwater) heating to the tem­
perature of the thermostat:

q q q qin evapor solid water= + + , 	 (4)

while the part of the heat flow for the phase transition of the 
system water (dissipated flow) is calculated by the formula:

q
dm

d
revapor

water= −
( )

⋅
τ

τ
; 	 (5)

part of the heat flow for the CCPB heating to the current 
temperature:

q C m
dT

dsolid solid solid=
( )τ
τ

; 	 (6)

part of the heat flow for heating of the current water  
mass (mwater(τ)) inside the thermostat to the current tem­
perature:
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q C m
dT

dwater water water= ( ) ( )
τ

τ
τ

, 	 (7)

where Csolid, Cwater – heat capacity of dry matter and water,  
J/(kg ⋅K); msolid – mass of solids, kg; mwater(τ) – current  
mass of water in thermostat, kg; r – specific heat of vapori­
zation, J/kg.

Let’s construct the kinetics of the heat flow from the 
walls of the thermostat to its internal medium and the 
heat flux kinetics is consumed in the internal medium as 
the sum of its components, that is, as the sum of (5), (6) 
and (7). The initial data in this case will be the kinetics 
of the CCPB temperature, the kinetics of the temperature 
of the walls of the thermostat, the kinetics of the CCPB 
moisture content, the heat capacity and the mass of dry 
substances, the heat capacity of the water. The current 
mass of water is determined by the kinetics of the CCPB 
moisture content, which fills the entire extracted internal 
volume of the thermostat. The kinetics of the heat flux from 
the walls of the thermostat is determined by formula (3)  
as the product of the function describing the kinetics of 
the temperature of its walls by the scale factor.

The following notations are used in Fig.  5. 1 denotes 
the kinetics of the heat flux from the walls of the thermo­
stat to its internal medium, calculated from formula (3).  
2, 3, and 4  denote the kinetics of the heat flux, which 
is consumed by heating the dry matter and water at the 
current temperature, calculated from the sections in accor­
dance with the performed periodization of the temperature 
kinetics of the model CCPB  (Fig.  4) using formulas  (6) 
and (7). 5  denotes the kinetics of the heat flow, which 
is expended on the evaporation of water in the internal 
environment of the thermostat. The calculation of this 
kinetics is carried out in accordance with the kinetics of 
the CCPB moisture content according to the formula (5). 
The kinetics of the heat flow is consumed in the inter­
nal volume of the thermostat, calculated according to the 
formula (4), indicated by the  6.

The resulted kinetics of heat flow for clarity are nor­
malized to the total amount of heat that has flowed to 
the internal environment of the thermostat. It should be 
noted that the area under the kinetics of heat flow from 
the walls of the thermostat is proportional to the amount 
of heat entering its internal environment.

From the obtained results  (Fig.  5), it can be seen 
that the heat coming from the walls of the thermostat to 
its internal environment is less important than the heat 
that is consumed in it. During the IHMT in the internal 
environment of the thermostat, the heat is expended on 
heating the components to the equilibrium temperature of 
the walls and on the phase transition of the liquid inside 
the thermostat to the gaseous state. Calculations show 
that during IHMT there is a shortage of heat, which is 
25...30  % of the required amount.

According to the first law of thermodynamics, the tem­
perature of any system under the condition of a constant 
heat flux from the outside can change either by trans­
ferring heat to a body with a lower temperature, or by 
performing work:

dU Q A= ±δ δ , 	 (8)

where dU – the internal energy, J; δQ – the amount of heat 
transferred to the system, J; δA – the work performed by 
the system («–») or over the system («+»), J.

It is established that the heat flux from the walls of 
the thermostat is insufficient to reproduce the obtained 
heat flux kinetics that is consumed in the internal envi­
ronment of the thermostat. Therefore, it should be con­
sidered that the observed fact indicates the performance 
of work on the system, which is induced by the flow of 
air moving relative to the thermostat obturator. In this 
case, the external operation of the air flow, which moves 
relative to the outer surface of the thermostat obturator, 
provides the activation energy EA of the IHMT effect in 
magnitude. The studies on the IHMT effect, in particular 
mixed heat supply drying [9], show that in the absence 
of a flow of air moving relative to the obturators or at 
an air flow velocity  (hydrodynamic pressure) less than  
a certain minimum value, the «start», «flow» and «end» 
of the IHMT effect are impossible.

Thus, the activation energy EA for the IHMT orga­
nization is provided by the appropriate velocity (hydro­
dynamic pressure) of the air flow moving relative to the 
thermostat obturator.

Since the heat flow kinetics is consumed in the internal 
medium of the thermostat, at different velocities  (hydro­
dynamic pressure) of air  (Fig.  6), normalized to the total 

amount of expended heat Q, it is 
clear that the nature of the depen­
dences is the same. The area under 
the curves is proportional to the 
amount of energy that is consumed 
in the thermostat for heat and mass 
transfer. The area under the curves 
is calculated without taking into 
account the heating of the internal 
medium of the thermostat from the 
initial temperature.

The differences in these de­
pendences are in the values of 
their amplitude and width of local 
maxima. Since in each of the three 
experiments the same thermostat is 
used, with the same CCPB, with the 
same initial amount of system water 
in the thermostat, the area under 
the curves should be the same. The 
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Fig. 5. The kinetics of the heat flow from the walls of the thermostat to its internal medium (1)  
and the kinetics of the heat flow that are consumed by the internal medium of the thermostat (6), obtained 

by calculations in terms of components (2)–(5), normalized to the total amount of heat Q
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heat coming from the walls of the thermostat is the same, 
so the intensity of the process will be determined by the 
energy of the air flow moving relative to the obturators. 
At the same time, the IHMT intensity at different airflow 
velocities, moving relative to the obturators, ranges from 4  
to 13  m/s in the range of 15...20  %. It is established that 
it is possible to control the IHMT intensity by the air 
flow velocity moving relative to the obturators. 
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Fig. 6. The kinetics of the heat flow that is consumed in the internal 
environment of the thermostat at different velocity (hydrodynamic pressure) 

of the air flow moving relative to the obturators m/s (Pa):  
1 – 13 (100); 2 – 9 (50); 3 – 4 (10)

Thus, by calculating the heat flux that flows to the 
internal medium of the thermostat and the heat flux that 
dissipates in it, it is proved that the IHMT effect is im­
possible without external activation work, which is per­
formed by the flow of air moving relative to the obturators.  
At the same time, the work of the air flow moving rela­
tive to the obturators is the controlling parameter by 
means of which the «start» of the IHMT is organized. 
This external work provides the activation energy of the 
IHMT effect in magnitude. At values of this control pa­
rameter smaller than EA, the «start» of the IHMT effect is  
absent.

7. SWOT analysis of research results

Strengths. Among the strengths of this research, it 
should be noted the establishment of the fact that the 
activation energy EA of the IHMT effect is achieved by 
the kinetic energy of the air flow moving relative to 
the thermostat obturators. At the same time, the work 
of the air flow moving relative to the obturators is the 
controlling parameter by means of which the IHMT 
«start» is organized. It is established that, firstly, it is 
possible to control the «start» of the IHMT effect in 
accordance with the goal of technological processing of 
raw materials using this effect. And secondly, it is rea­
sonable to change the IHMT flow rate and its efficien­
cy by varying the airflow velocity with respect to the  
obturators.

Weaknesses. The weak side of research is that the deter­
mination of the activation energy EA of the IHMT effect 
in this case is possible only indirectly, that is, according 
to the calculated energy balance of this effect. This fact 
is observed because of the complexity of the theoretical 

calculation of the pulsation values of the air velocities aris­
ing at the surface of the obturator due to the formation of 
turbulent disturbances in the air flow and creating fluctua­
tions in the volume of the obturator. When determining 
the activation energy of the IHMT effect by an indirect 
method, the probability of errors that involve errors in the 
engineering calculations of apparatuses using the IHMT, 
and, as a result, an increase in energy costs for the heat 
and mass exchange process.

Opportunities. An additional opportunity to achieve 
the aim of research in the work is the computer simula­
tion of turbulent disturbances in the air flow near the 
surface of the obturator with the subsequent calcula­
tion of the average amplitude of air velocity pulsations 
and determination of the IHMT activation energy. Such 
information will allow to accurately take into account 
when choosing the method for creating fluctuations in 
the thermostat obturator, the energy costs for the IHMT 
effect and the features of its technical implementation, 
which will contribute to improving the energy efficien­
cy of the IHMT devices and reducing the cost of their  
production.

Threats. The difficulty in implementation of obtained 
results is that when developing the IHMT devices and 
choosing the rational values of such control parameter 
as the air flow velocity relative to the obturators, it is 
necessary to take into account not only the IHMT energy 
efficiency, but also the costs associated with providing 
the appropriate airflow velocity.

It is meant that an increase in the IHMT effect in­
tensity by 15...20 % entails additional capital expenditures 
for technical complications or an increase in the  capa­
city of devices to provide the appropriate airflow velo­
city. However, the expediency of such operation can be 
justified by the technical potential of the enterprise on 
which this research is being implemented.

8.  Conclusions

1.	 Investigations of the kinetics of CCPB tempera­
ture inside the thermostat during the IHMT effect are 
established that they can be divided into 5 characteris­
tic regions corresponding to different stages of the flow 
of this effect. It has been established that the duration 
of the sections corresponding to the «start», «flow» and 
«end» of the IHMT effect depends on the velocity of 
the air flow moving relative to the obturator and can 
vary by 5 to 60  % with an increase in velocity from 
4 to 9  m/s and with an increase from 4 to 13  m/s –  
by 48...150  %.

2.	 Calculations of the heat balance during IHMT found 
that with this effect, the available heat deficit in the 
thermostat, which is 25...30  % of the required amount.  
It is noted that this fact indicates the work on the system, 
which is induced by the flow of air moving relative to the 
thermostat obturator, while the external work of the air 
flow, which moves relative to the obturator, provides the 
activation energy EA of the IHMT effect in magnitude. It 
is proved that the work of the air flow moving relative 
to the obturator is the controlling parameter by means 
of which the IHMT «start» is organized.

3.	 Investigations of the kinetics of the heat flux inside 
the thermostat at an air flow velocity of 4 to 13  m/s, 
which moves relative to the obturators is established that 
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the IHMT intensity can be regulated by this control pa­
rameter within 15...20  %.
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Влияние скорости потока воздуха относительно 
обтюратора термостата на эффективность 
индуцированного тепломасообмена

Исследованы особенности протекания эффекта индуци­
рованного тепломассообмена при различной скорости потока 
воздуха, движущегося относительно обтюратора термостата. 
Рассчитан энергетический баланс эффекта индуцированного 
тепломассообмена при различной скорости потока воздуха 
для выявления особенностей данного эффекта. Определены 
пределы регулирования интенсивности эффекта тепломассо­
обмена скоростью потока воздуха, движущегося относительно 
обтюратора термостата.

Ключевые слова: индуцированный тепломассообмен, об­
тюратор термостата, скорость потока воздуха.
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