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PO3POBKA METOROMOrIi MOAEMHBAHHA ®OPMOYTBOPEHHA
MOBEPXOHbL TA TENMOBUX MPOLECIB 3A ONOMOrol0 S-pYHKLIH

Po3pobiiera METOIOMIOTISI MOZIETIOBAHHS (DOPMOYTBOPEHHST TIO-
BEPXOHb, ONNCYBAHIX BATOBIMU (GYHKIMSIMH, TTOOY10BaHIMH Ha 6a3i
pillleHb 3BOPOTHIX 3aB/IaHb AU(MEPEHIIIITHOI TeOMeTpii 32 [0TTOMOTOIO
S-byuxkmiit. Pesysabratin BuUpilienb 3BOPOTHUX 3aBJaHb AudepeH-
miagbHOI TeoMeTpii BUKOpUCTaHi Mpu MOOYI0BI KOHCEPBATHBHUX
CTPYKTYP BUPIlIEHHs 3aB/IaHb TEILIONPOBIZHOCTI, 110 TOYHO 3a/10-
BOJIBHSIIOTh TPAHMYHUM YMOBaM TPeTboro popy. CTpyKTypa pileHHs
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PO3PAXYHOK CTABI/ILHOI POBOTH
BHXPOBOI'o PO3NMKNHOKYOro
NPOTHTOYHOro MACOOEMIHHOT'O

ANIAPATY (BPIIMA) B 3ANEMHOCTI BIA
FIAPOAMHAMIMHUX XAPAKTEPUCTHHK
TASOKPANENBHOr0 NOTOKY

Y daniit po6omi nasedeno memoouxy eubopy cCmilkux pescumis pooomu GUXPOE020 POINULIOIOUOZ0
nPOMUMouH020 Macooodminnozo anapamy (BPIIMA ), sixa exmouae po3paxynox noivomy Kpaneiv 3 ypa-
XYBAHHAM 00HOPIOHOCME NOMOKY 1 iX 63AEMIH020 6NIUBY 00UNH Ha 00H020. B pesyromami meopemuunux
i npaxmuunux 00CaioNceny 60aAN0CI BUSHAYUMU WEUOKICb NOMOKY 2a3Yy i Kpaneiv, cnieioHOweHHS

GIOUEHMPOBUX CUL | CUL ACPOOUHAMIUNOZ0 ONOPY.
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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 aresult 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 resulis of theoretical research
and experimental studies

Fig. 1 shows the direction of actions on liquid drops
the centrifugal force F, and aerodynamic effects F; 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].

F- |
Al
Fig. 1. Effect on the drop centrifugal force and resistance forces:
A — radius of the drop; r — radius (variable value), where is a drop
in the vortex chamber of the axis of the chamber; V@, and Vo, —

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]:

ndig  W¢
F.= 5 P (€Y)
And, the resistance force:
T .
F= WgW,Qdépr. (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.>F,. (3)
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That is necessary to capture the drop in rotation velocity:

3pryr
W, > ’4pgdK w,. 4

In the case a uniform gas flow with the height of mass
exchange chamber, substituting in (4) the value of (2),
we obtain:

[Bpryr Qg
W(P > 4pgdK ZTCTHK ’ (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:

1
[3pry QR ’
W(P> 4PgdK ZTEHK ’ (6)

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:

1 p
Fgymdk?p, v, (r)-w, (r))". (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
Ry = 0,15 m, R, = 0,05 m and the input velocity in the
tangential slits equal to 50 m/s.

F,.H
2,5x10-"]

2x10-7]
1,5%10 1
1x10°74

5%10-3]

00,06 0,070,08 0,09 0,100.11 0,12 0.130,14
r.M
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:

A=F - F. (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.

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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r. M
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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PACYET YCTOWYMBOH PAEOTHI BUXPEBOr'0 PACNLINHBAIOLIErD
NPOTHBOTOYHOI'0 MACCOOEMEHHOI'O ANNAPATA (BPIIMA)

B 3ABHCHMOCTH OT 'HAPOAHHAMMYECKHX XAPAKTEPHCTHEK
TA30KANENBHOro NOTOKA

B manHoil paboTe mpuBeeHa METOANKA BbIOOPA YCTONUMBBIX
PEXRUMOB PAbOThI BUXPEBOrO PACIBLINBAIONIETO IPOTUBOTOYHOTO
MmaccooOMennoro anmapara (BPTIMA). Ona Bkjioyaer pacyer 1o-
JleTa KaleJb € Y4eTOM OJHOPOAHOCTH TIOTOKA M HMX B3aUMHOTO
BJUSIHUS JIPYT Ha JApyra. B pesysbrate TeopeTmyecKux W Ipak-
TUYECKUX MCCJIeIOBAHMI y/IAl0Ch OMPEeJUTh CKOPOCTh MOTOKA
rasa W Karejb, COOTHOIEHNE MEHTPOOEKHBIX CUJI W CHJ adpo-
JTHAMIYECKOTO COMPOTHUBJIEHHUSI.
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