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ANALYSIS OF THE INFLUENCE OF
AERODYNAMIC QUALITIES OF THE
COMPONENTS OF MIXTURES ON
SEPARATION IN POWER-SAVING VORTEX
VEHICLES

O6’cxmom QocniOAcenHsL € 2a300UHAMIUNT BUXPOBI NPOUECU Y 2emepozerHUX nosiducnepchux nomoxax. OO0num
3 HaUOLILUL NPOOLEMHUX NUMAHD € BUSHAUCHHS ACPOOUHAMIUHUX XAPAKMEPUCTIUK KOMILOHEHN 26MePO2eHH020 N0~
qiducnepcrozo cepedosuula, sKi HeoOXIOHI Olsl CMEOPeHHs Mamemamuynoi modeni npouecy cenapyeanms. B x00i
Q0CTIONHCEHHS BUKOPUCTOBYBATUCS METNOOU MAMEMAMUYHOZ0 MOOCTI0BAHHS HA nidcmasi meopii nodionocmi. Pos-
POOIEHO MEMOOUKY OUIHKU AepOOUHAMIMHUX NAPAMEMPIE KOMNOHeHm cymiwi, na nidcmaegi sxoi ckiadeno psid
aepodunamiunoi nodibnocmi. Ompumano xKoegivicnmu niOHIMAILHOT CUIU, ACPOOUHAMIUHOZ0 ONOPY, OIUHOT culu,
N063008ICHL0O20, NONEPEUHO20 MA 0OEPMALLHOZ0 MOMEHMIE CKAA008UX 3epH060i cymiwi. [e neobxiono dis meope-
MUUHUX QOCIIONCEHD 2A300UHAMIUHUX NPOUECIB I BUXPOBUX CENAPAMOPAX NPU HECTNAUTOHAPHIT MPUSUMIPHIT meuil
3 NEPEMIHHUMU 2YCTNUHOIO NOMOKY, KOHUEHMPAUIEI0 Ma UMPAMON CKIA0BUX CeNaposanoi cymiui ma Hecomoi
Ppaxuii. Ompumano sibpayitinuil kpumepitl Petinoavoca, na niocmasi ak020 6USHAUAIOMbC MPAEKMOPIL U enepeis
BUXPOBOZO PYXY OKPEMUX KOMNOHEHM Ma CMynins nodiny zemepozennux cymiuel. Ile dozeonuno yoockonaiumu
mamemamuuiy Mooeib nPoyecy Po3nodily 2emepoLeHHUX NOJOUCNEPCHUX CYMILEl i 3anpOnoHO8aHUX eHep2o30e-
piearouux euxposux cenapamopax. Ompumani pesyavmamu oaiu niocmagy 0is YOOCKOHALCHHS. 342albHOT Meopii
2CMEPOZEHHUX BUXPOBUX NOMOKIE YEEOCHHAM KPUMEPTO 306HIUHLOZO 30YPeHsl, SKUI 6PAX0BYE ONIP BUXPOBOZO
CUTL0B020 NOJISL MA AMNIIMYOHO-UACMOMHUT eHeP2eMUUHULL PiBeHb. 3A80SKU UbOMY 3a0€3NeUYEMbC MONCIUBICMY
ouinxu enausy 6yov-sK020 apeymenmy na wyxany Gyuxuin. Pesyivmamu docniowcens 00360uUnU ABMOMAMUIYEA-
MU AHAI3 XapaKmepucmux npoyecy il NOPIGHIHHI iX N0 NAPAMEMPAX 3 eKCNEPUMEHMATLHUMU OAHUMU. A MAKow#C
ouinumu 6i0nosionicmy QUHAMIYHUX, KIHEMAMUYHUX T 2a300UHAMIMHUX QYHKUIL, POIPAXOBAHUX N0 3A0AHUX 2€0-
MEMPUUHUX NAPAMEMPAX BUXPOBUX ANAPAMIE 3 PYHKUIAMU, OMPUMAHUMU 34 Ycepednenumu snauennsmu. ITi dani
d0360uIU GIONpaosamu dianason eapiauill Napamempio 2e0Mempudun0zo 0QOPMICHHS BUXDOCUX ANAPAMIE NO
30HAX, NApamMempax na 6xo0i, BUX00i ma Cmynensx cenapayii, MiHiMisysamu KiioKicms 6UzomoeieHux 1a6opamop-
HUX T HANIENPOMUCIOBUX BUXPOBUX ANAPAMIE 1 YHIDiKyeamu pso ey3nie. Y nopieHsnui 3 anaioziunumu 6i0oMumu
cenapamopami 3anponoHoBani GUXPOi anapamu 3a0e3neuyms MEHULEHHS 3AMPAm Ha Ni020MOBKY CUPOBGUHU
Y 3epHONePepoOIEANbHIl 2a1Y3i Y 0ecAMKU PA3ie 6HACTIO0K YCYHEHHS PYXIUBUX POOOUUX Oemarell, 6Y3/ia i cum.

Kmouosi cnoa: aepodunamiumi napamempu, 6UXPOSUTL CENApamop, 2emepoLeHna cymiul, weuoxicms nepepos-
nodiny, xoediyicnm onopy.
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1. Introduction

The development of the theory of optimization of heat
and mass transfer of heterogeneous vortex flows for sepa-
ration of the components of the mixture is relevant, as it
allows to solve an important economic problem of energy
saving and environmental improvement. Let’s offer a solu-
tion to this problem by introducing vortex devices into the
technological processes, which by their design can reduce
energy consumption and operate in a closed cycle [1, 2].
Comprehensive studies of the separation of heteroge-
neous mixtures show that the main characteristics of vor-
tex separators, such as efficiency and clarity, do not always
meet the requirements of technological processes [3, 4].
This is primarily due to the fact that the separated mix-
tures consist of components that vary widely in particle

(http.//creativecommons.org/licenses/by,/4.0)

size distribution, density, aerodynamic parameters, criti-
cal speeds, concentration, etc. [5, 6]. In the literature on
a number of experimental studies of the aerodynamics of
aggregates or individual elements, the aerodynamic and
gas-dynamic processes of flow around, stalling, jumping
of seals and rarefaction for objects of various shapes and
sizes are well and fully developed [7, 8]. But the issue of
developing a flow around small objects is associated with
certain difficulties, in particular, with modeling [9, 10]. The
transition from an enlarged model to its original size leads
to unreasonable increases in errors for two reasons. Firstly,
an increase in the model leads to a distortion of the pic-
ture of flow separation and a change in the direction of an
increase in the boundary layer, which may not be possible
on a small scale, since in two-phase flows the magnitude of
the slip coefficient lies within wide limits. And, secondly,
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there is an error in the measurement of flow parameters.
In addition, the movement of particles in a two-phase flow
is movement in the accompanying flows, and not of the
individual components, as is considered in a wind tunnel.
Thus, the development of methods for assessing aerody-
namic parameters is an urgent task. The object of research is
gas-dynamic vortex processes in heterogeneous polydisperse
flows. The aim of research is to improve the general theory
of separation of heterogeneous polydisperse flows.

2. Methods of research

Research on the determination of aerodynamic drag
for a two-phase medium was carried out on the basis of
the theory of vortex gas-dynamic separation of a hete-
rogeneous polydisperse flow. Using the theory of simi-
larity and mathematical modeling methods, the aerody-
namic series of bodies was constructed from the obtained
data [10] (Table 1).

Tahle 1
Aerodynamic similarity factors
No. Characteristic form Body name Z[L;I c, f; Be
d J=oo 3
1 EEI X plate e ~0 ~0 2.0-10
d
x 0.04
2 = - body that wraps 25 0.05 d 2.0-10°
- around well
'1 0.09
e 0.24—x 2.24 m?
3 = [0 car 3.12-4.0 0.37-y 2.17 m? 2.7-10°
- I 0.45-z 1.77 m?
- d
4 = +l—|— e :ﬁiﬁiﬁ?ﬁ s 15-3.5 0.90 14.0-24.0 4.610°
- d
5 =TT~ plate - 1.20 d 3.7-10°
-
6 = > drap (sphere) 1 0.048 nd%/4 4.35.10°
d
= hy 0.0478
7 wheat 2.6-2.4 0.051 4.7-6.25 4.35.10°
/ 0.92
h
8 3 ‘EE:%_;EH cockle 1.75-1.46 0.08 44-132 3.4.103
/
i
9 Z@x locust bean 2.5-4.7 D1'D[14 2.0-156 B.6-10%
) .
—
10 h@’_f wild oats 6.1-6.6 0.2 2.3-9.0 6.0-10°
]
—_—
0 d&_ x
11 ‘ = buckwheat 1.25-1.38 0.93 2.56-9.3 11.0-10°
!
- h
12 3@” wild radish 1.7-1.62 0.05 3.4-29.0 1.4-108
’f ]’l
13 l’la Tatar buckwheat 1.8-16 0.05 4.8-12.9 1.4-10°
S =]
14 = field bindweed 2.2-1.53 0.05 1.54-9.52 1.5.10°
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The solution to the above problem was carried out
theoretically and experimentally by blowing models of the
components of the grain mixture made in scale 43:1. For
comparison, let’s used a car, plate, etc. in scale 1:43, as
standard models for a small wind tunnel with constant
pressure and flow air. Based on the results of the experi-
ments, the criteria of Strouhal, Froude, Euler, Reynolds,
Archimedes and Barsukov were determined [10].

The external perturbation on discrete components
(deviation of streamlines) was estimated with the derived
Barsukov’s criterion:

Eu-Re Eu-Re  pyv?
Bs= A= . 5 7
Ar Ar  pvi—pvu
where
_ PoV2
© pui—pv?

— relative dynamic pressure head;

Eu-Re
Ar

— «energy» potential of the force field.

3. Research results and discussion

The accuracy of theoretical studies depended on how
close to the actual values the aerodynamic drag coef-
ficients of the flow components are determined for the
models. With the free spatial positions of the component
models during blowing, the obtained coefficients of lift,
aerodynamic drag, lateral force, longitudinal, transverse
and rotational moments. The flow pattern (streamlines)
for grain and impurity models was determined using
a uniformly distributed smoke comb with an elementary
jet diameter of 2 mm, with a constant Reynolds number.
Based on the data obtained, the values of the coefficients
were determined depending on the characteristic posi-
tions with respect to flows and grain sizes of wheat and
impurities, as for standard automobile models, plates,
etc. (Table 1).

The reliability of the selected value of the drag coef-
ficient in the constructed series of bodies was confirmed
on the basis of the mid-section intersection f; and the
ratio of characteristic sizes (I/h or l/d) along the x axis.
In addition, the flow velocity, the characteristic profiles of
the parts of the bodies, their sizes and the completeness
of the shape along the x, y, z axes were additionally taken
into account. In this case, it was necessary to evaluate
the state of the surface of the bodies and their location
relative to the x axis.

Some error can only be from the impact of flows, breaks,
and the rotation of bodies relative to the axes, as well as
impacts. External disturbances of the incident flow, which
changes the trajectories of the individual components of
the mixture, were determined by the criterion of drag of
the vortex force field and disturbing vibrations from the
incident flow by the criterion Bs (Fig. 1). The obtained
results are valid for sulfur compounds, dust, coal; mineral
impurities, wheat grains, difficult to separate impurities:
sown, locust bean, etc.

A A
Rel»lO5

Bs-10"
09+
08 T
07+
06 T
05T
04 T
03 T
02T
0.1 T

0I0203 04050607 080910]]]2 I3l415p 10‘ kg/m3

Fig. 1. The nature of the change in the Barsukov's criterion Bs(p)

In Fig. 1: 1, 2, 3 — heterogeneous mixture components
with constant parameters; 4 — flour of the first grade; 5 —
calculation according to experimental data for grain entering
the elevator (2 % impurity, 12 % moisture); I — pure wheat
II - heavy impurities (p-10°>1.0-10°), Re, — averaged
Reynolds vibration criterion for heavy impurities; III —
light impurities (p-10° <1.0-10®), Re, — averaged Reynolds
vibration criterion for light impurities; Re; , — averaged
Reynolds vibration criterion for pure grain and flour of
the first grade, respectively.

An analysis of the Barsukov’s criterion Bs(p) suggests
that the value of Bs increases with decreasing density
of the medium. The rupture of this functional relation-
ship in the density ranges from (0.95-1)-10° kg/m® and
(1.3-1.34)-10° kg/m? is completely explained by the diffe-
rence in the vibration Reynolds number Rey, ; for impurities.
This is explained by the fact that impurities differ from
pure grain in the shape, size and relative speed of air
without taking into account collisions of components (for
pure components, curves 1, 2, 3).

4. Conclusions

A technique has been developed for assessing aerody-
namic parameters based on the similarity of the natural
components that make up the heterogeneous mixture and
the models made in size, density and roughness on a scale
of 43:1, based on which a series of aerodynamic similarities
was first compiled. Based on the calculation of natural
origin (the volume of one grain with average linear dimen-
sions a>b>c (6.4>2.8>2.4 mm) V,=(0.04+0.41)-107 m?3
the mass of which m,=(0.30+0.35)-10"* kg, the density
of one grain (natural) p,=0.875-10° kg/m? was obtained.
For the volume model V, =0.34-102 m3, the mass den-
sity for the manufacture of a model from polyurethane
was p,, =818 kg/m3. According to the results of blowing
models of components in a small wind tunnel equipped
with an aerodynamic three-component balance, the data
obtained to determine the drag, longitudinal moment and
lifting force.

The general theory of heterogeneous vortex flows has
been improved with the help of the proposed criterion
of external disturbance — the Barsukov’s criterion, which
takes into account the drag of the vortex force field and
the amplitude-frequency energy level.

Differential relationships have been developed for chang-
ing the energy levels of polydisperse heterogeneous flows
with a free-flowing one-component flow with specified
amplitude-frequency parameters to determine the most
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advantageous gas-dynamic functions and rational geometric
dimensions of vortex devices. Equations are introduced
into the mathematical model of gas-dynamic separation
processes that describe vortex heterogeneous flows, the
Reynolds vibration criterion, based on which the trajec-
tories and vortex motion energy of individual components
and the degree of separation of heterogeneous mixtures
are determined.
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