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Розробка методології моделювання формоутворення 
поверхонь та теплових процесів за допомогою S-функцій

Розроблена методологія моделювання формоутворення по-
верхонь, описуваних ваговими функціями, побудованими на базі 
рішень зворотних завдань диференційної геометрії за допомогою 
S-функцій. Результати вирішень зворотних завдань диферен-
ціальної геометрії використані при побудові консервативних 
структур вирішення завдань теплопровідності, що точно задо-
вольняють граничним умовам третього роду. Структура рішення 

враховує вплив граничних дій лише в граничному поясочку 
області рішення задачі.

Ключові слова: моделювання теплових процесів, структура 
рішення, S-функція, формоутворення поверхонь.
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Розрахунок стабільної роботи 
вихрового розпилюючого 
протиточного масообмінного 
апарату (ВРПМА) в залежності від 
гідродинамічних характеристик 
газокрапельного потоку

У даній роботі наведено методику вибору стійких режимів роботи вихрового розпилюючого 
протиточного масообмінного апарату (ВРПМА), яка включає розрахунок польоту крапель з ура-
хуванням однорідності потоку і їх взаємного впливу один на одного. В результаті теоретичних 
і практичних досліджень вдалося визначити швидкість потоку газу і крапель, співвідношення 
відцентрових сил і сил аеродинамічного опору.
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1.  Introduction

Lately, the world faces an acute lack of energy and 
raw material resources. This causes the need for using new, 

low-waste and highly-effective technological processes with 
minimal losses, full heat recovery, purification of wastewater 
and gases. Their creation is impossible without devices 
with high specific indicators. Therefore, developing a new  
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type of mass-exchange equipment and solving the problem 
intensifying vortex spray countercurrent mass exchange 
devices  (VSCMED) is relevant. 

Based on the analysis of intensification methods of mass 
exchange processes in vortex spray countercurrent mass 
exchange devices, promising directions for organizing the 
motion of gas-drop flow were revealed. A physical model 
of the motion of gas and drop flows in the VSCMED  
cavity, and the mathematical model of calculation of hydro
dynamic, structural indicators of VSCMED-type devices 
was developed.

In general, the problem of selecting stable operation 
modes of VSCMED is very complex, and it’s currently 
facing a number of difficulties. The uniform drop flow, 
which arises (spring) from the spraying fluid jets in the 
central region of the vortex chamber and their mutual 
influence on each other should be considered in order 
to search for an acceptable solution to resort a number 
of assumptions, when entering them in the condition of 
the problem.

Basically, it allows obtaining mathematical solutions 
and selecting the optimum conditions for a particular type 
of average and design for the device.

2.  Analysis of literature data

The results’ analysis of references and theoretical stu
dies [1] allow developing a theoretical substantiated method 
for calculating the stability of VSCMED operation modes. 
Basically, this methodology is based on the following 
mathematical and experimental reasonable assumptions 
and estimates.

1.	 Vortex gas flow in a large part of the vortex mass 
exchange chamber is flat in nature.

2.	 The size of the drops, which are obtained from the 
spraying jets of liquid, is essential for the characteristic 
of the drop flow  [2].

This size is determined by the ratio of surface tension 
forces, which depend on the type of fluid being sprayed, 
and the forces of aerodynamic influence on the drop from 
the side of the gas stream. The value of this ratio, and 
therefore the size of the drops is determined by the Weber  
criterion  [3].

3.	 The ratio of the loads from the gas and liquid masses 
is less than one. In this case, density between gas and 
liquid differs by several orders of magnitude, the liquid 
volume in the chamber is less than the gas volume in the 
vortex mass exchange chamber and the distance between 
the drops in this flow is large. The mutual influence of 
drops on each other in such a flow can be ignored  [4].

4.	 As a result of spray liquid (drops) flow by its  com-
position close to monodisperse  [5].

5.	 Considering above assumptions this allows to deter
mine the hydrodynamic characteristics of the drop flow 
to conduct calculations of hydrodynamics of a single drop 
of the liquid.

6.	 Liquid drops are involved in a rotary motion from 
the energy of a vortex gas flow. Gas flow velocity in the 
circumferential direction is reduced. Decrease in these 
velocities can be determined by the law of conservation 
of angular momentum rotary motion. This allows con-
sidering the availability of drop flow in the vortex mass 
exchange chamber of VSCMED and its influence on the 
hydrodynamics vortex gas flow  [6].

3.  Problem statement

The purpose of the paper is to determine the influence 
of hydrodynamics of gas and drops on the efficiency of 
the VSCMED-type device in different operation modes 
and as a result to determine optimal and stable mode.

To achieve this goal it is necessary to consider the 
velocity of the gas flow and liquid drops both separately, 
and jointly, consider the forces, acting on the drop and 
track changes in the radius of the vortex chamber.

4. � The results of theoretical research  
and experimental studies

Fig.  1 shows the direction of actions on  liquid drops 
the centrifugal force Fc and aerodynamic effects Fs or the 
resistance force from the gas stream side. Centrifugal force 
involves a drop in movement from the center to the pe-
riphery of the vortex mass exchange chamber VSCMED.

And the resistance force involves a drop in movement 
from the periphery of the vortex mass exchange to the 
center of the chamber.

Task of determining the optimal operation VSCMED 
and its calculation and creation hydrodynamic conditions 
in the chamber VSCMED.

Which at any point along the radius of the vortex 
mass exchange chamber centrifugal forces will prevail 
over the resistances forces? In this case, will be almost 
completely absent or will be minimized drop loss, and the 
counter-movement the gas and liquid phases to ensure high 
efficiency of processes in mass exchange VSCMED  [7].

 
Fig. 1. Effect on the drop centrifugal force and resistance forces:  

R — radius of the drop; r — radius (variable value), where is a drop 
in the vortex chamber of the axis of the chamber; Vj1 and Vj2 — 
circumferential velocities of the gas flow on both sides of the drop;  

A-A — the axis of the vortex mass exchange chamber

In this case, on liquid drops act two kinds’ forces, the 
opposite direction acting centrifugal force  [8]:

F
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π

ρ jΚ
3 2

6
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And, the resistance force: 

F W ds r= ψ
π

ρ
8

2 2
Κ G . 	 (2)

One of the problems providing a counter-movement 
in the mass exchange in the vortex spray countercurrent 
mass exchange device is an early achievement rotational 
velocity enough to satisfy the condition  [9]:

F Fc s> . 	 (3)
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That is necessary to capture the drop in rotation velocity:
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In the case a uniform gas flow with the height of mass 
exchange chamber, substituting in  (4) the value of  (2), 
we obtain:
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. 	 (5)

Under the third condition along the radius in the 
chamber will be a regular counter-movement phase. In 
counter-movement at some radius with equal acting forces 
resistance force and centrifugal force will cease move to 
the periphery. Maybe ‘suspension’ liquid drops  [10].

In low rotational velocity liquid drops are captured by 
the gas stream and go out of the vortex mass exchange 
chamber, which cause increase in the drop loss and acutely 
decrease in the efficiency of the vortex mass exchange 
apparatus. At the input of the vortex mass exchange 
chamber velocity of gas flow, which for the droplets to 
the periphery, which provide movement to the periphery, 
at the wall of mass exchange chamber must be larger 
than the value:
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The above analysis relation of forces acting on a liquid  
drop along the radius of the vortex mass exchange chamber 
shows, when calculating the total rotational and radial 
velocities for regular movement counter flow gas and 
liquid phases a conditional check should be made  (3) 
over the entire section from the center to the periph-
ery of the chamber, which can be perform by using the 
equation  (6).

The presence of a liquid phase in the vortex gas flow 
and overlay a condition that is a countercurrent flow 
phases along the radius of the chamber, has influences 
the value of the hydraulic resistance of the mass exchange 
chamber. Liquid drops entrained in rotation movement 
by the energy of the gas flow. Gas flow velocities de-
creases, which leads to lower pressure drop between the 
center and the periphery of the vortex mass exchange 
chamber and reduction the hydraulic resistance of the 
working chamber.

Given that the determination of resistance forces should 
be considering that the determination of resistance forces 
should be considered values of the velocities drop with 
relatively of gas flow. Then the expression  (2) becomes: 

F dk V r W rs g r r
1

8
2 2

ψπ ρ ( ) − ( )( ) . 	 (7)

Fig.  2 shows an example of calculating the change in 
the resistance force and the centrifugal force for a drop 
of 100  m in the mass exchange chamber with dimensions 
R1  =  0,15  m, R2  =  0,05  m and the input velocity in the 
tangential slits equal to 50  m/s.

 
Fig. 2. Dependence of the change between centrifugal force (1) and the 

resistance force (2) along the radius of the vortex mass exchange chamber 
for the drops with diameter 100 mkm

To analyze the stability of VSCMED must know the 
value:

D  =  Fc  –  Fs .	 (8)

Which must take for regime of stable operation posi-
tive values all through motion of the drops along the 
radius of the vortex mass exchange chamber area until 
the spray drops mass exchange cylindrical walls of the 
vortex chamber.

5. C onclusions

In this paper, theoretical research, based on the de-
veloped mathematical model, which shows the expected 
results, needing to be more thoroughly tested experimen-
tally was conducted.

In developing the existing model, previous develop-
ments on calculating the rate of gas and drop flow in 
the vortex devices were taken into account.

The next step in the research should be developing  
a comprehensive calculation of the geometric dimen-
sions of the device depending on the initial conditions 
specified.

Fig.  3 is an example of a change of this value for 
the above example.

In this case, knowing the size of the vortex chamber 
VSCMED, the size of the tangential slits for input gas, 
capacity VSCMED of gas  (steam), the load on the liquid 
phase can successively identify:

—	 Radial and rotation velocity gas flow along the 
radius of the vortex mass exchange chamber.
—	 Radial and rotation velocity liquid flow along the 
radius of the vortex mass exchange chamber.
The value of the centrifugal force and the resistance 

force, acting on the drops along the radius of the vortex 
mass exchange chamber VSCMED.
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Fig. 3. Dependence of the value of the change for droplets  

of diameter 100 mm

The ratio between the values the centrifugal forces 
and resistance forces, and developing recommendations for 
creating conditions stable and effective work of VSCMED.
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Расчет устойчивой работы вихревого распыливающего 
противоточного массообменного аппарата (ВРПМА)  
в зависимости от гидродинамических характеристик 
газокапельного потока

В данной работе приведена методика выбора устойчивых 
режимов работы вихревого распыливающего противоточного 
массообменного аппарата (ВРПМА). Она включает расчет по-
лета капель с учетом однородности потока и их взаимного 
влияния друг на друга. В результате теоретических и прак-
тических исследований удалось определить скорость потока 
газа и капель, соотношение центробежных сил и сил аэро-
динамического сопротивления.

Ключевые слова: массоперенос, скорость, устройство, вихрь, 
капля, аппарат, расчет.
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