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Hydrodynamic Features of Gas-Liquid Flow Movement in a Separation
Device Plane Channel with an Oscillating Wall

Pavlenko 1.V., Liaposhchenko O.O., Sklabinskyi V.I., Ivanov V.O., Gusak O.G.
Sumy State University
Sumy, Ukraine

Abstract. In this paper, the movement of a gas-fluid flow in a plane channel with an oscillating wall
was investigated. The aim of the research is to increase the efficiency of separation equipment by im-
posing the vibration impact on a gas-liquid flow. This purpose was achieved by applying the phenom-
enon of selective coagulation of a dropping liquid. The novelty of the proposed approach concerns
creating the mathematical model for determination of analytical dependences between the efficiency
of the hydromechanical process and initial parameters of the separation device. As a result, quantita-
tively and qualitatively sufficient approximations for the scalar pressure and vector velocity fields
were obtained with a permissible relative error in comparison with the results of numerical simulation.
The presence of biharmonic fluctuation of particles was proved; besides, related dependencies for the
calculation of vibration characteristics were obtained. Additionally, the paper presents the dependen-
cies for identifying a range of thickness for a near-wall area. The system of dimensionless criteria was
proposed for determining flow modes and relative trajectories of liquid droplets in a gas-fluid flow.
The numerical simulation approach and related methodology of engineering calculations were pro-
posed on the example of a plane channel of the separation device. Finally, the distance between adja-
cent zones of the pressure minimum was determined. As a result, it was found that this distance is
equal to the wavelength of the vibrating impact to the flow that is an initial justification of further co-
agulation process of liquid droplets in a gas-liquid flow in a separation device.

Keywords: vibration impact, local zone, pressure, dropping liquid, velocity field, trajectory of a
particle.

DOI: 10.5281/zenod0.2222360

Caracteristicile hidrodinamice ale miscarii unui flux gaz-lichid intr-un canal plat al unui dispozitiv de
separare cu un perete oscilant
Pavlenko 1.V., Lyaposhchenko A.A., Sklabinskiy V.1., Ivanov V.A., Gusak A.G.
Universitatea de Stat din Sumy
Sumy, Ucraina

Rezumat. Se investigeaza miscarea fluxului de gaz-lichid intr-un canal plat cu un perete oscilant. Scopul acestei
lucrari constd in sporirea efiicientei echipamentului de separare prin impunerea unui efect de vibratie asupra
fluxului de gaz-lichid. Acest obiectiv este realizat prin utilizarea coagularii selective a fluidului picaturilor.
Noutatea stiintificd consta in elaborarea modelui matematic pentru determinarea functiilor analitice a eficientei
procesului hidromecanic a dispozitivului de separare. Estimarea directd a parametrilor sistemului "perete oscilant
- amestec gaz-lichid" cu semnificatii non-lineare este imposibila. In lucrare se examineaza un caz particular de
miscare a fluxului gaz-lichid, caracterizat de trei criterii non-dimensionale. S-au obtinut relatii analitice care
reflectd calitativ si cantitativ campul de presiune scalara si campul vectorului de viteza cu o eroare admisibila in
comparatie cu rezultatele simularii numerice. S-a confirmata prezenta fluctuatiilor biarmonice ale particulelor ca
urmare a efectului de vibratie si s-au obtinut realtiile analitice pentru calcularea caracteristicilor corespunzatoare
si relatiile pentru calcularea grosimii stratului de lichid din zona peretelui. S-a propus un sistem de criterii non-
dimensionale pentru a determina regimurile de curgere, formule de caclul ale traiectoriilor relative ale lichidului
de picurare in fluxul gaz-lichid, metodd numericd de simulare si o metodologie adecvata a calculului
parametrilor hidrodinamici ai debitului de gaz-lichid intr-un canal plat al dispozitivului de separare. S-a
determinat distanta dintre zonele de presiune minima locala, constatdnd cd aceastd distanta este egala cu
lungimea de unda a efectului de vibratie al peretelui pe flux, care ete confirmarea derularii ulteriore a procesului
de coagulare selectiva a lichidului de picurare in canalul plat al dispozitivului de separare.

Cuvinte-cheie: vibratii, zona locala, presiune, lichid din picaturi, cAmp de viteza, traiectorie de particule.
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I'napoaunamMuyeckne 0CO0EHHOCTH ABHKEHHS Ta30KMIKOCTHOTO MOTOKA B IUIOCKOM KaHaje
cenapauuoOHHOI0 YCTPOICTBA € KO0J1e0II0LIelCsl CTeHKOM
MaBaenko U.B., JIanomenko A.A., Cknadunckuii B.U., UBanoB B.A., I'ycak A.I'.
CyMCKHii TOCYIapCTBEHHBI YHUBEPCUTET
Cymsl, YkpanHa

Annomayusa. B pabote rcciieoBaHo ABMXEHUE a30)KUAKOCTHOTO ITOTOKA B IUIOCKOM KaHAJIE C KOJIEOIIOmecs
cteHkoi. Llempio maHHON paOOTHI SBISIETCS TMOBHIMICHHE S(P(GEKTHBHOCTH CEMapariOHHOTO O00PYZOBaHUA
MyTEM HAJIOKEHUS BUOPALMOHHOTO BO3ICHCTBHS Ha T'a305KHIKOCTHBIM ITOTOK. DTa LENb JOCTUTAETCS 3a CUET
NPUMEHEHUS SBJICHHS N30MPaTeNIbHOM KOarysiuy KaneJabHO! )uaKocTH. HaydHOH HOBU3HOH NpeIosKeHHOTO
MOAXO0MA SIBJISIETCS] CO3/JaHNE MAaTEMaTHUECKON MOJICITH /I OLCHUBAHUS aHAJMTUYECKUX 3aBUCHUMOCTEH MEXKIY
3¢ PEKTUBHOCTHIO THIPOMEXaHUYECKOTO MpoLecca U MCXOAHBIMHU TapaMeTpaMu CerapalioHHOTO YCTPOHCTBA.
Bcrnencreue HEBO3MOXKHOCTH HEMOCPEACTBEHHOTO OIICGHMBAHUS NapaMeTpOB THAPOMEXaHUYECKOH CHCTEMBI
«KOJICOJIOIIAsACs CTEHKa — Ta30’KMIKOCTHAsh CMECh» C HMMEIOIIMMUCS CYLICCTBEHHBIMH HEIMHEHHOCTSMH B
JAaHHOW paboTe paccCMOTPEH YacTHBIM Ciydall JBW)KEHHMS Ta30’KHIKOCTHOTO IIOTOKA, XapaKTepU3yeMBbIi
COOTHOIIEHHEM TPEX NPEIUIOKCHHBIX Oe3pa3MepHBIX KpPHUTEpHEB. B pesynbTaTe MONydeHBI aHAIUTHYECKHE
3aBUCHMOCTH, KaueCTBEHHO W KOJIWYECTBEHHO OTPaKAIONIIME COOTBETCTBYIOIIME ANNPOKCHMAINN  JUISA
CKaJIIPHOTO TIOJISl JABJIEHUS M BEKTOPHOTO IIOJII CKOPOCTH C JIOMYCTHMOM IOTPEHIHOCTBIO IO CPABHEHHUIO C
pe3ysbTaTaMM YHCICHHOTO MOJEIUPOBaHMS. Tarke JOKa3aHO HAIWYME OMTapMOHMUYECKHX (UIyKTyallli JacTHIl
B pe3yibTaTe BHOPallMOHHOTO BO3/CHCTBHUS Ha MOTOK, & TaK)KE MOJYYEHBl aHATUTHYECKHE 3aBHCUMOCTH I
pacdéra COOTBETCTBYIOIINX XapaKTEPHUCTHK. [IOMONHUTENBEHO MPEACTABICHB COOTHOMICHHS IS ONpPEACICHHS
pacdyéTHOro Iuana3oHa TOJIIMHBI MPUCTEHOYHOTo cjosi. BBeneHa cucrema Oe3pa3MEpHBIX KPUTEPUEB IS
OTIpEe/IeJICHUsI PEKUMOB JABIKEHHUs IIOTOKAa, a Takke (OpPM M TEOMETPHYECKHX pa3MEpPOB OTHOCHTENBHBIX
TPaeKTOpUil KaleJIbHOW JKUAKOCTH B Ta30XKHIKOCTHOM TOTOKe. [IpemnoxkeH crmoco® YHCIEHHOTO
MOJICTIMPOBAHUS, a TaKke COOTBETCTBYIOLIAas METOJOJIOTHSl  pealu3allii  HMH)XXEHEepHOro  pacuéra
THIPOJMHAMHYECKUX MapaMeTPOB ra30)KUAKOCTHOTO TOTOKAa B IUIOCKOM KaHaje CerapalioHHOTO yCTPOWCTBA.
Taxoke ompeeNieHo pacCTOsSHIE MEX/Ly 30HaMH JIOKATbHOTO MHHUMYMa JaBleHus. B pe3ynprare nokas3aHo, 9To
3TO PacCTOSIHUE PaBHO JUIMHE BOJIHBI BUOPAIIIOHHOTO BO3/CHCTBUSI CTCHKH Ha TOTOK, YTO SIBJISACTCS HadalbHBIM
MOATBEPXKICHACM IOCIEAYIOIETO0 TMpouecca H30MpaTEeNbHONW — KOArylslMM  KaleJdbHOH JKHIKOCTH B
ra30’kKUAKOCTHOM TIOTOKE B INIOCKOM KaHaJIe CeNapalioHHOTO yCTPOHCTBA.

Knrouesvle cnosa. BuOpanum, JOKaabHas 30HA, JaBICHHE, KalellbHAas >KUAKOCTb, ITOJIE CKOPOCTH,
TPACKTOPUS YACTULBI.

INTRODUCTION & & &

The separation processes for multicomponent
heterogeneous systems are among the most com-
plex in the physical and mathematical descrip-
tion while they are widely used in chemical, pe-
troleum, oil and gas industries. At the same time,
high-technological equipment must have the
highest indicators of energy efficiency and relia-
bility. The problem of avoiding emergencies in
the existing compressor equipment, as well as
increasing wear of operating parts of assemblies
is an urgent problem in chemical and petroleum
engineering, pump and compressor industries.

The first attempts of implementation of iner-
tial and filtering separations and designing the
corresponding separation devices were made by a— Mellachevron® (Sulzer);

Sumy State University in 2003. In 2007, Sulze- b — FLEXICHEVRONT™ (Koch-Glitsch);
rAG  (Mellachevron®) and  Koch-Glitsch Fig. 1 Thc;Su_my Sﬁte Un'vfer;fty' .
(FLEXICHEVRON™) proposed their technical O e S O ey o on
solutions for designing double louvres, traps and qauip P ges.

drai h I hich introduced int Based on the analysis of possible ways to im-
rainage channels, Which were introduced Into prove the existing separation equipment, the
the mass production in 2013.

) . brand-new technology for vibration and inertial
The design schemes described above are pre-  qenaration of gas-liquid flows is proposed and
sented in Fig. 1.

presented in the paper “Appliance of inertial gas-
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dynamic separation of gas dispersion flaws in the
curvilinear convergent-divergent channels for
compressor equipment reliability improvement”.

However, the existing mathematical models
does not cover all the aspects for describing the
physical features of hydromechanical, heat and
mass transfer operating processes in the related
separation and purification equipment. Moreo-
ver, all the recent researches are based on com-
plicated nonlinear models that cannot be solved
directly. In this regard, there is a wide variety of
computational methods of research and numeri-
cal simulation approaches. However, they do not
allow predicting the behavior of a comprehen-
sive hydromechanical system in a wide range of
its operating parameters.

Due to the abovementioned, the row of re-
searches has been carried out for providing quan-
titatively and qualitatively approximation of the
proposed models and related calculating ap-
proaches to the physical features of the move-
ment of gas-liquid flows in channels of separa-
tion equipment. The recent research works are
discovered below.

LITERATURE REVIEW

The research work “Management of Energy
Flows in Low-temperature Separation Units”
(authors:  Trishyn F.A., Trach O.R., Or-
lovskaya Yu.V.) is particularly aimed at investi-
gating the impact of ultrasound on the separation
process. As a result, the importance of using
thermal energy in separation units is proved, as
well as the overall energy efficiency estimation
technique was proposed based on the hypothesis
of direct and reverse energy flows. The method-
ology of numerical simulation of the process of
incineration of a mechanical mixture is presented
in the article “Combustion of Solid Fuel in a
Vortex Furnace with Counter-swirling Flows”
(authors: Redko A.A., Redko I.A., Redko A.F.).
As a result, the swirling flow rate was estimated
for ensuring the efficiency of separation process.
The problems of design, evaluation and applica-
tion of the swirl technologies for separation of
liquid purification systems are discussed in the
articles [1, 2]. However, these approaches do not
allow determining analytical dependences be-
tween flow parameters and initial conditions of
the hydromechanical system. A method for ex-
panding a range of separation elements is pre-
sented in the previous work “Solving the station-
ary hydroaeroelasticity problem for dynamic de-
flection elements of separation devices”, where
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the separation process is realized using inertial
forces acting to particles. Such approach allows
solving the stationary problem of hydroaeroelas-
ticity for self-adjustable deformable deflection
elements of the separation device. However, this
method was not being still realized practically,
and should be proved in further research.

The research works [3-5] deals with the satu-
ration of a filtering liquid with a gas both in se-
guential and simultaneous feedings to the appa-
ratus of chemical industry. As a result, the gas
consumption factor is significantly reduced. The
research work “Modelling of liquid’s distribution
and migration in the fibrous filter layer in the
process of inertial-filtering separation” concerns
determining the saturation conditions for the fil-
ter layer, as well as modeling distribution of the
velocity and pressure under the conditions for the
movement of a liquid in a filter layer under the
gravitational force. This allows clarifying the
processes of distribution and migration of liquid
droplets of gas-liquid mixture in the fibrous filter
layer during the inertial-filtering separation pro-
cess in separation equipment. However, the men-
tioned materials do not consider the impact of
oscillations on the rising filtering efficiency.

The mathematical model as the system of dif-
ferential equations of relative displacements of
particles is investigated in the article [6] for the
oscillating cylindrical surface. The results of ex-
perimental data allowed obtaining the regression
equations for determining the separation quality,
as well as for designing the response surface.
The disadvantage of this work is using only kin-
ematic approach despite the comprehensiveness
of the stated problem.

The methodology for selection and compre-
hensive evaluation of separators for the gas and
oil industries is proposed in the papers [7, 8].
The database of weight and size parameters of
separators allowed obtaining dependences be-
tween the type of apparatus, its operating pres-
sure and consumption. The model of crossed
movement and gas-liquid flow interaction with
captured liquid film in the inertial-filtering sepa-
ration channels is proposed in the article “The
model of crossed movement and gas-liquid flow
interaction with captured liquid film in the iner-
tial-filtering separation channels”. As a result,
the physical model of a gas-liquid flow is pro-
posed, as well as the equations for determination
of the main parameters of captured liquid film
and gas-liquid flow interactions are obtained.
But these researches have no reliable mathemati-
cal models to predict operating parameters of the
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separation process under the arbitrary operating
conditions.

However, the research papers [9, 10] is aimed
at developing the predictive model for simulating
reactive micro-separation processes, as well as
designing separation equipment, as well as a
brand-new method of gas purification is present-
ed in the article “Modeling and design of iner-
tial-filtering gas separators-condensers for com-
pressor units of oil and gas industry” using a
method of condensation separation. Additionally,
the mentioned work presents experimental re-
sults of the research. As a result, the models of
separation process in the inertial-filtering separa-
tors-condensers are proposed for compressor
plants in oil and gas industries. However, these
models are also limited by numerical experi-
ments only and need to be extended by creating
reliable mathematical models.

Another way for effective oil-water separa-
tion is proposed in the research work [11] using
magnetic superhydrophobic materials. Authors
assert this approach as a potentially effective
way for oil-water separation. In addition, the re-
cent trends in liquid-gas and solid-gas separators
are described in the work [12] for industrial
equipment in the field of chemical engineering.
The designs of separators and its operational pa-
rameters are presented, as well as methods of
numerical simulation are proposed. In another
way, the work [13] is focused on up-to-date
technologies and related technological processes
of energy recovery and water recycling. As a
result, the recommendations are provided regard-
ing proper design of technological equipment in
specific situations. Additionally, the work [14]
deals with optimal selection of the separation and
purification equipment and proper using theirs
operating processes. Better understandings of
separation and purification processes, as well as
advanced methods are proposed for achieving
the overall techno-economic feasibility and
commercial success. It should be noted that the
researches [11-14] have a limited scope, mainly
in water recycling.

It should be noted, that special interest of sci-
entists is concerned to methods of numerical im-
plementation of the developed models. Particu-
larly, the approach of prediction for multi-grade
processes in chemical engineering is presented in
the paper [15] using just-in-time latent variable
modeling. The article [16] is aimed at developing
the scientific approach of using artificial intelli-
gent systems for solving applied problems in the
field of mechanical and chemical engineering.
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Particularly, the design schemes for direct and
inverse mathematical modeling of hydromechan-
ical processes are proposed.

Moreover, the approach for solving an inter-
disciplinary problem of hydroaeroelastic interac-
tion of gas-liquid mixtures with deformable
structural elements of the separation equipment
is proposed based on the comprehensive imple-
mentation of artificial neural networks with the
finite element method of numerical simulation.
Another approach, which is proposed in the pa-
per [17], deals with computer aided process
planning based on classification methods and
related systems. As a result, a new method of
selective and dynamic classifications is proposed
and described. However, the numerical ap-
proaches proposed in the papers [15-17] concern
highly complicated methods for practical pur-
poses.

Due to abovementioned, the research meth-
odology presented below attempts to generalize
the recent approaches retaining as an advantage
the comparative simplicity and clarity of the pro-
posed approach.

The aim of the research is increasing the effi-
ciency of separation equipment by imposing the
vibration impact on a gas-liquid flow. This pur-
pose is achieved by applying the phenomenon of
selective coagulation of dropping liquid by solv-
ing the following objectives: creating the math-
ematical model of the hydromechanical system
“oscillating wall — gas-liquid flow”; identifica-
tion of the dependences for a thickness of the
near-wall area; evaluation of zones for pressure
minimum; justification of the phenomenon for
coagulation process of liquid droplets.

The scientific novelty of the proposed ap-
proach in comparison with the abovementioned
works concerns creating the mathematical model
able to evaluate the analytical dependences be-
tween the efficiency of the separation process
and initial parameters of the separation device.
Thereby, a thickness of the near-wall area is de-
termined, trajectories of particles are built, and
local zones of minimal pressure are identified.

The practical significance of the research
concerns creating the methodology for designing
separation devices with deformable dynamic el-
ements (i. e. louvers and traps of the drainage
channels).

I. METHODS OF RESEARCH

The movement of a gas-fluid flow in a plane
semi-infinite channel between two parallel walls
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is considered. One of the walls is rigid, the sec-
ond one is monoharmonically oscillating with
the amplitude of vibration velocity a (m/s), angu-
lar frequency wo (rad/s) and wave’s length
L = 2z/A (m), where 1 — wave’s parameter (m™1).

All the forces of non-hydrodynamic nature in a
gas-liquid flow are considered absent or their
effect on the motion of fluid droplets is quite
negligible.

The design scheme is presented in Fig. 2.

Y
A
] |
_Yo, | U,
M, Uo(Y) v w
< —3 0
rztu
° = | M
> < s
I vy
p - < - X
\ L ~—
||
X(t)

A = alwo — amplitude of the oscillations (m);
Mo — initial position of a particle; u, v — components of the total velocity w (m/s).
Fig. 2. The design scheme.

In the research work [1] is shown that the
streamline in such channel is determined using
the following system of the nonlinear and non-
stationary parametric equations with respect by
the time t (s) and coordinates x, y (m) of the in-
vestigated particle for gas-liquid flow:

dx 6 a .
dt:hg(h—y{qﬁl(l—cosix)sma)ot}; ()
%:h%(h—y)2(2y+h)sin/1xsina)0t,

where; h — channel width (m); qo — specific flow
rate (m?/s):

h
do = [ uydy. )
0

In this equation inlet velocity uo (m/s) de-
pends on the vertical coordinate y [18]:

(h-y).

The system (1) is nonlinear and cannot be
solved directly. Therefore, a partial example is
needed to be considered for obtaining the suffi-
cient approximation of the analytical solution
with a qualitatively permissible relative error in
comparison with the results of numerical simula-

_ 6q,

Uo
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tion. Practically valuable example concerns the
case when the flow rate qo dominates the ampli-
tude Aga=2a/A of the vibration flow rate
Ag = a/A-(1 — cosAx)sinwoet as a result of influ-
ence of an oscillating wall to a gas-liquid flow.

Due to the abovementioned, the following
dimensionless criterion should be added as the
ratio of the amplitude value of the additional
flow rate Ada to the specific flow rate qo:

2 _2a

Cr]_ = Aqa = - —
Aq,  Ah @,

%o

4)

where @, = qo/h is the average inlet velocity as a

ratio of a flow rate qo and height h of the separa-
tion channel (m/s).

In the case of Cr; << 1, the system (1) takes
the following simplified form:

dx 6y
— =—2(h- ;
dy a

2 . .
i (h—y)(2y +h)sin Axsin wyt.

Since the effect of the oscillating wall on a
flow prevails in a close area y/h << 1, the last
system can be simplified using a series expan-
sion retaining the first order terms:
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dx 6x .
7=7q0’
dt h (6)
% = K,asin AXsin ajt,
where dimensionless xi1, k. take the following
forms:
o2
KIZVO(l_VO o =[1-% (1+yoj, (7)
h h h h

and yo = y(0) is the initial coordinate as an initial
height of the particle.

Solving the system (6) for initial conditions
x(0) =0 and y(0) = yo allows obtaining the ana-
lytical solution for velocity components of a gas-
liquid flow:

x(t) = ugt;
8)

(sin ot sin coztj

@,

1
Y(t) =Yt EKZa

where the following frequencies are introduced:
9)

Thus, the solution (8) indicates the presence
of biharmonic fluctuation of particles with fre-
guencies w21 = wo £ Auo and, respectively, peri-
0ds Ta1 = 27/ (wo £ Auo).

The following criterion

W =y — My, @, =0+ AU,

(10)

allows considering two different cases. For small
wavelengths (Cr, >> 1), the decomposition of
the right side of the equation (8) into the Taylor
series with respect to the frequency wo with the
first order accuracy allows obtaining the follow-
ing approximation:

Cr, = AU,/ o,

x(t) = ugt;
(11

y(t) =y, X8 g qutcosayt.
AU,

Otherwise, when Cr, << 1 (the case of rela-
tively long wavelengths) it can be founded:

x(t) = ugt;
(12)

a .
y(t) =Y, —%sm AUt cos .
0

Il. RESULTS AND DISCUSSION

1. Thickness of the near-wall area
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The analysis of the abovementioned formulas
allows resuming that the particles reach the oscil-
lating wall in the case when the initial coordinate
yo does not exceed its limiting value yo’. Analyti-
cally, introduction the dimensionless parameter
k3 = al(woh) allows obtaining the following de-
pendences for determining a range of the near-
wall area thickness:

Y5 e = 5D (L-3x2 );
V2 . 0290,

2. Trajectories of particles

(13)

The trajectories of particles can be described
by the following equation:

sin 4x sin 4,x
o ( A A j

where the wave parameters are introduced:

1
= yO +5K2a

(14)

jﬂ:ﬂi&: (15)

(11 1}1.
U, Cr,

Thus, in the general case, the fluid particles
carry out biharmonic oscillations with wave-
lengths L1, = 27/41,2, which differ from the natu-
ral wavelength L = 2/ of the oscillating wall.

More precise determination of trajectories can
be realized for the relative coordinates

_ Zha,

£0)= ()]

1) = 22 y(0)- y,]

K,a

(16)

using the small perturbation method [19]. The
relative trajectories are ellipses.

3. Local zones of minimal pressure

To determine the local zones of minimal
pressure in a gas-liquid flow, the investigation of
the pressure field as a function of the coordinates
X, y and time t on the extremum is realized using
methods of mathematical analysis.

The pressure function obtained in the re-
search paper [1] has the following simplified
analytical form:

6 2X
p(X, y,t) =P _/ua[(l"' Cra)i -

h? A (17)

—y(h—y)+ ;}sin Axsin at,
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where the dimensionless parameter

Cr,=g,/a (18)

For the case Crs << 1 (insignificant specific
flow rates of the fluid go and relatively long
wavelength L =2z /A with relatively high value
of the vibration velocity a), the pressure function
has the following points of zero pressure gradi-
ent:

A
X, = —| arccos
A

y, =h/2.

1/1h/82mj (he2): (19

Using the Tailor series allows obtaining the
simplified dependence for coordinates Xx:

2m (20)
A

This proves that the zones of the local mini-
mum of pressure are shifted relative to the wave
loops. Moreover, the distance between the next
zones (xn+1—Xn) IS equal to the wavelength
L = 27/A.

This fact, as well as the periodic element
sinaot indicates that the vibration impact on the
flow can be carrying out by the different ways.
In the case of small wavelengths, when
27/(Ad) > 1 (d — diameter of liquid droplets), par-
ticles conversely move between the next zones of
pressure minimum contributing to the disconti-
nuity of droplets larger than the wavelength.

Otherwise, it leads to fluctuations of the lig-
uid droplets within adjacent zones of the local
pressure minimum. This case leads to the coagu-
lation of droplets with a diameter d smaller than
the wavelength L.

Moreover, the given cases allow proposing
the application of the effect of selective separa-
tion by acting on a flow through vibrations,
which are the superposition of two waves of dif-
ferent lengths L, and L (Li < Lu) shifted by the
phase. In this case to the process of coagulation
of liquid droplets can be realized with diameters
in arange [Ly, Lu].

4. Numerical simulation results

The system of nonlinear differential equations
(1) describing the liquid flow in a plane channel
with an oscillating wall cannot be solved directly
using any analytical approaches. However, it can
be solved numerically, particularly by the
Runge—Kutta method. In this case, the row-
vector of coordinates is introduced:
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Y, x(t)
Y=t = O @1
Mor-{y -
with its initial value {Y}o = {Y(0)} = {O; yo}', as
well as the row-vector of partial derivatives is
created:

Y,

5} a
hzz(l— hj{qo + 7(/)(1— cos AYI)}

Y, V(. 2 . ’
——2|11+=2 |agsin AY.
( hj( h)¢ :

where ¢(t) = sinwt is a time function.

The field of flow velocity can be presented in
a complex plane with the following real and im-
agine parts (components of the vector flow ve-
locity):

6y(,_Yy ag :
u= hz(l—hj{qo +/1(1—cos/1x)},

v=(

As an example, the fluid flow in a plane
channel is considered with the following parame-
ters: channel height h=0.1 m, initial velocity
uo™ = 0.1 m/s, dynamic viscosity of the environ-
ment x = 1-107 Pas, amplitude of the vibration
deflections A=1-10°m, frequency f=50 Hz,
wavelength L =5-103 m.

As a result, the following parameters are ob-
tained: specific flow rate o =0.01 m/s, wave
parameters: A = 1257 m, wo = 314 rad/s; ampli-
tude of the vibration velocity a = 0.31 m/s. The
dimensionless criteria;: Cr;=0.05, Cr,=0.6. A
near-wall area is in a range (1.0-6.5)-10° m.

For the initial coordinate yo=2-103m, the
following dimensionless coefficients can be cal-
culated: x; = 0.02, x> = 0.99.

Initial velocity uo =0.01 m/s. Wave parame-
ters: |12 =2.5-10° m™, 1, =2.8-10* m™,

As a result of numerical simulation using re-
lated computer-aided design software [20], a
complex velocity field can be obtained.

Additionally, the results of numerical simula-
tion are presented in Fig. 3 as streamlines of gas-
liquid flow near the oscillating wall of the plane
channel.

The figure 3 clearly shows a decrease of vi-
bration amplitudes for particles in the gas-liquid
flow distanced from the oscillating wall. Addi-
tionally, frequencies of this secondary process
are also reduced. Moreover, mechanical beats are
observed in the near-wall area due the imposition

(22)

(23)
y

2
_y) (1_{_ 2
h h

jawsin AX.
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of two oscillations with similar frequencies. The
same effect was proved experimentally [21].

i

a0

| P

Fig. 3. Streamlines of gas-liquid flow.

The results of numerical calculations shown
in Fig. 3 correspond to the analytical data with
sufficient accuracy for practical purposes, even
for more distant particles from the moving wall.

I11. CONCLUSIONS

Thus, the hydrodynamics of the gas-liquid
flow in a semi-infinite plane channel with an
oscillating wall is considered. The analytical
expressions for the fields of wvelocity and
pressure are obtained. Streamlines of gas-liquid
flow are determined analytically, as well as
relative trajectories of liquid particles are
identified. The dimensionless criteria for
determining the hydrodynamic characteristics of
a gas-liquid flow are proposed, particularly for
determining trajectories of particles.

The pressure field is investigated on the
extremum. As a result, local zones of pressure
minimum are determined. It is established that
the distances between adjacent zones of the
pressure minimum are equal to the wavelength of
the oscillatory impact of the moving wall to the
flow. This fact indirectly proves further
coagulation of droplets in these zones.

The abovementioned research does not
consider the convective forces of inertia due to
their significant nonlinearity. The impact of these
forces to the hydrodynamics of a gas-liquid flow
needs to be separately studied. Additionally,
considering these forces leads to shifting local
zones of pressure minimum from the flow core
towards the oscillating wall due to the effect of
vibrating weighting of particles, as well as
changes the distances between droplets and the
oscillating wall depending on a particle size.
Moreover, particular interest is in the
consideration of the vibrational effect on a
turbulent flow and finding an approach for
estimating frequencies of turbulent pulsations.
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