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BASICS OF CALCULATION OF A TWO-CIRCUIT AIR PURIFICATION SYSTEM
FOR POLYDISPERSE DUST

Purpose. To increase the level of environmental safety of enterprises by improving the quality of air purification from polydisperse
dust in two-circuit closed systems, in particular, to obtain the basic design relations for the engineering calculation of such systems.

Methodology. The aim of the study was realised by mathematical and numerical modelling of hydrodynamic processes in the
elements of a closed double-circuit purification system.

Findings. A methodology for hydraulic calculation of a closed two-circuit cleaning system was proposed by drawing up a pres-
sure balance of individual circuits, and a dependence for the complex coefficient of hydraulic losses of the collection-return ap-
paratus was determined.

Originality. The hydraulic calculation of two-circuit closed cleaning systems is proposed to be carried out by compiling the
pressure balance of individual circuits. To calculate a specific element of the system — the collection-return apparatus — the con-
cept of a complex hydraulic loss coefficient is introduced, which takes into account both local pressure losses and losses along the
length, and also indirectly reflects the effect of flow swirl on the hydraulic resistance of this element. For the complex coefficient
of hydraulic losses, the quantitative results necessary for engineering calculations were obtained by numerical modelling of hydro-
dynamic processes of the swirling flow in an annular pressure channel.

Practical value. The obtained results make it possible to design two-circuit closed cleaning systems for different production
conditions, which, in turn, makes it possible to replace typical and inefficient direct-flow systems with a system in which the effi-

ciency of polydisperse dust capture is significantly increased due to separate cleaning.
Keywords: environmental safety, polydisperse dust, cleaning system, hydraulic losses, pressure balance

Introduction. The issue of improving the level of environ-
mental safety of urbanised areas of Ukraine remains quite rel-
evant. This is mainly due to the fact that a significant number
of relatively small enterprises are located within and in close
proximity to territorial communities, for example, construc-
tion or chemical materials production facilities, woodworking
and furniture workshops, beneficiation enterprises, bulk mate-
rials handling and packaging workshops, etc. Technological
processes in these facilities are accompanied by the release of a
certain amount of polydisperse dust into the air of the prem-
ises. Sometimes the physical or chemical characteristics of the
dust mass are such that it is absolutely necessary to limit its
release into the environment as much as possible; sometimes
the dust mass is a useful substance and it is also economically
unfeasible to discharge it into the environment. The Law of
Ukraine “On Environmental Protection” stipulates that enter-
prises are obliged to ensure the environmental safety of people
and comply with the standards of harmful impacts on the en-
vironment. To this end, enterprises must be equipped with fa-
cilities, equipment and devices for the treatment of emissions
and discharges. As a rule, such facilities use direct-flow sys-
tems for emissions treatment, with the simplest inertial devic-
es, cyclones, performing the function of trapping. Since the

© Butenko O., Vasiutynska K., Smyk S., Karamushko A., 2024

efficiency of inertial catchers is low, the release of dust mass
into the atmosphere can be quite significant. On the one hand,
such systems do not meet modern environmental safety stan-
dards, and on the other hand, small enterprises do not upgrade
their cleaning equipment due to financial circumstances and
the Ukrainian environmental legislation, which is quite loyal
to producers. It is expected that the terms (amounts) of pay-
ment for emissions will change as Ukraine’s regulatory frame-
work approaches the requirements of the European Union.

Literature review. The environmental safety of atmospheric
air depends largely on the efficiency of air purification systems at
industrial enterprises. In Ukraine, dry and wet inertial catchers,
electrostatic precipitators, bag filters, and in some cases even
gravity catchers are common. These devices are used in conven-
tional direct-flow systems. More sophisticated ones, such as hy-
brid ones for thermal power plants, are still under development
and it is impossible to predict the timing of their implementation
[1, 2]. In the metallurgical industry, the cleaning systems are
more complex than in the thermal power industry, but essen-
tially, they remain direct-flow systems as well [3, 4].

The main disadvantage of inertial dust collectors is the low
efficiency of cleaning the flow from the fine dust component of
the dust mass. Electrostatic precipitators almost do not have
this disadvantage, but their cost of cleaning is very high. In ad-
dition, the use of electrostatic precipitators is also limited by
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certain requirements for the electromagnetic properties of dust
and requires appropriate personnel qualifications [5, 6].

The latest research in the field of increasing the efficiency
of inertial devices is aimed at improving the capture of fine
fractions. Since the constructive methods of solving this prob-
lem for the most common catchers have been practically ex-
hausted, some studies are devoted to finding ways to influence
the fractional composition of dust, for example, by acoustic
coagulation [7, 8], in particular, using ultrasound [9, 10]. This
method gives good results, but requires additional equipment,
the cost of which can be several times higher than the cost of
the cleaning equipment itself [ 11]. In addition, this equipment
requires the appropriate qualifications of the operating per-
sonnel, which will increase the current costs of maintaining
the treatment plant and, ultimately, the cost of treatment.

Another way to capture fine dust is to develop and use
combined cleaning systems. Thus, in [12, 13], a two-stage de-
sign is proposed, the first element of which is a coagulator with
ultrasonic disc emitters, and the second is a trap in the form of
an apparatus with counter swirling flows. In [14], a two- or
three-stage system is used, which includes, in particular, the
already mentioned cyclones and electrostatic precipitators,
but in essence still remains straight-through.

In order to solve the problem of capturing fine fractions of
the dust mass contained in the air taken from industrial prem-
ises, the authors of this article once proposed a two-circuit
closed cleaning system (DCCS) [15, 16]. In this system, the
dust-and-air flow is divided into two separate streams, one of
which contains fine dust and the other coarse dust. Their sub-
sequent separate cleaning results in an unusually high overall
efficiency (up to 95 %) for dry inertial catchers. The principle
of the system is that the dusty air stream captured by the col-
lection-return apparatus (CRA) / is mixed with the cleaned
stream of the circulation circuit at the first stage (Fig. 1). The
mixing function is performed by the central ejector 2. At the
second stage, this dust-air mass enters the separation appara-
tus 3, which is a 180° turn with a small slit along the outer wall
[17]. The air containing mainly coarse fractions enters this
slot — the main circuit flow. Depending on the thickness of the
gap, the main flow accounts for 4—7 % of the volume flow rate
of all air in the system, the rest is the circulation circuit flow. It
carries mainly fine dust and is directed to the circulation cir-
cuit catcher 5. A cyclone is usually used as a catcher. There-
fore, the cleaning efficiency in the circulation circuit will be
low (depending on the properties of the dust, it is 20 to 40 %).
However, since the uncollected mass is not released into the
atmosphere, but is returned to the cleaning process through
the mixing and separation process, this low efficiency is not a
problem. In other words, the air is free of fine dust by repeating
the cleaning process many times. The main circuit flow enters
the collector 4, and the dust mass not captured in it, which is

Fig. 1. Scheme of a two-circuit closed cleaning system:

1 — collection-return apparatus; 2 — central ejector; 3 — separa-
tion apparatus; 4 — cyclone of the main circuit; 5 — cyclone of the
circulation circuit; 6 — fan of the circulation circuit; 7 — fan of the
main circuit [15]

up to 5 % of the incoming dust mass, is sent to the collection-
return apparatus. This small dust mass, together with a new
portion of the captured dusty air, enters the mixer 2. The pro-
cess is repeated.

A double-circuit closed cleaning system cannot use the
collection umbrella typically found in direct-flow aspiration
systems, as it is not capable of returning the cleaned air to the
main circuit. Therefore, there was a need to develop a separate
collection-return element. The simplest of the possible solu-
tions was the device shown in Fig. 2. In this device, the dust-air
mixture is drawn from the room through a cylindrical pipe due
to the vacuum created by the ejector. The main circuit flow is
returned to the collection area of the room through an annular
channel. Since there is a need for the free jet of the cleaned
stream to be as compact as possible, it was decided to give it
spin by means of a tangential supply, based on previous studies.

The first experience with the system proved the effective-
ness of the DCCO. The scheme did not require significant
capital investment, but provided a significant improvement in
dust capture due to the separate cleaning scheme.

Unsolved aspects of the problem. As a pilot project, the
DCCO was used to clean the air extracted from the building
materials crushing plant at the request of a company specialis-
ing in the dismantling of old buildings. The system proved to
be highly efficient, cost-effective and reliable, and did not re-
quire any additional specialised skills from the operating staff.
However, the system was designed individually for the specific
conditions of this production facility, and a universal method-
ology should be developed for its widespread implementation.
Such a methodology should include two main components:
1) calculation of the efficiency of the system’s elements and its
overall efficiency; 2) rules for engineering calculation of the
elements’ design and selection of fans for the main and circu-
lation circuits. The first component of the methodology was
developed. The results of its calculations were well confirmed
by the first experience of using the DSSO. Additional research
was required to develop the second component.

Purpose. The aim of the work is to develop the basics of
engineering (design) calculation of the DSSO, which would
allow one to reasonably select injection equipment for the
given volume flow rates of the main and circulating flow and
the pressure required to provide them.

Methods. The study was carried out by drawing up an en-
ergy balance of the system’s circuits and numerical modelling of
collection-return apparatus in Solid Works Flow Simulation.

Research findings. Pressure balance of gas flows of the cleaning
system. The air ducts of the DCCS form an annular pipeline with
a branch — the main channel (MC). The presence of an ejector
causes a variable flow rate in the circulation circuit (CC). This
makes it impossible to use the methods of calculation of complex
pipeline networks, in particular, the most common method of

P
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Fig. 2. Scheme of the CRA:
1 — purified air; 2 — polluted air
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characteristics, which are familiar to hydraulics. Therefore, it is
proposed to solve the problem by means of a pressure balance.
The pressure developed by the circulation circuit fan (CCF) P,
overcomes the hydraulic resistance of the elements of this circuit:
the catcher, ejector, separator and duct. Then

P.=APs+ APy + AP;+ APg.

Pressure loss in the circulation circuit catcher is
2
_» P
AIJCS - ch 2 >

where (s is the coefficient of local losses of the catcher; u, is the
characteristic velocity, m/s; p is the density of gas (air), kg/m>.
In the scheme of the DCCS, the ejector performs quite
standard functions for such devices — creating a vacuum in the
central pipe of the air handling unit and mixing the dusty
stream taken from the room with the circulation circuit flow.
Therefore, a conventional ejector can be used, the calculation
of pressure losses in which AP, is performed according to gen-
erally accepted methods for the selected type of device.
Pressure loss in the circulating flow separator is

2
pV
APd = €c3 Tc’

where C; is the coefficient of local losses in the separation appa-
ratus for the circulating flow; v, is the characteristic velocity, m/s.

The pressure loss to overcome the resistance of the circula-
tion circuit duct, taking into account that the volume flow rate
before and after the separation apparatus is different,

AP = APy + APg;

< |8p0;
APy :[kcldh“zccli] n2d41 >
1 =l cl

c

where A, is the hydraulic coefficient of friction; d,; and /,, are
the diameter and length of the duct, m; ., is the local loss coef-
ficient of the i local resistance; Q,, — is the volume air flow rate
in the circulation circuit, to the separation apparatus, m?/s

/ " 8p 0>
ST

where L, is the Darcy coefficient; d,, and /, are the diameter
and length of the duct, m; C ,, is the local loss coefficient of the
k™ local resistance; Q,, is the volume flow rate of air in the
circulation circuit after the separator, m?/s.

Volumetric flow rate is

ch = QL'Z + Qm

Losses in the central pipe of the filling station can be ne-
glected due to their smallness.

The pressure developed by the main circuit fan (MCF) P,
overcomes the hydraulic resistance of the elements of this cir-
cuit: the catcher, separator, annular channel of the collection-
return apparatus and the air duct. Then

Pm:APm4+APm3+APml+APm9.

Pressure loss in the main circuit catcher is

2
pu
AP, ma = C!m4 ="
2
where (,,, loss factor of the main circuit catcher; u,, is the char-
acteristic velocity, m/s.
Main flow pressure loss in the main circuit separator is

2

PV
AP, m3 = Cm} 2 s
where (,; is the loss factor of the separation apparatus for the

main flow; v,, characteristic velocity (average velocity in the
slot), m/s).

Pressure loss to overcome main circuit duct resistance is

I \8p02
AP =0 w5 (P2
m9 [ md ;C,m/Jthd;:’

m

where 2, is the hydraulic coefficient of friction; ,, and /,, diam-
eter and length of the channel; ,,; is the loss factor of the /* local
resistance; Q,, — air volume flow rate in the main circuit, m?/s.

The flow rate balance of the system is ensured if the volume
flow rate of air in the main circuit is equal to the flow rate of
dusty air sucked by the ejector through the central pipe of the
CRA Q,,. The value of this flow rate should be set by the condi-
tions of a particular production facility at the design stage of the
DCCS. By analogy with the air exchange of premises, the con-
cept of circulation rate K(1/4) — Q,, = KV (V' — volume of the
production facility, m?) could be used to justify the flow rate.
However, since the DCCS is a recirculation-type aspiration
purification system for which there are no ready-made recom-
mendations on the values of K, Q,, should be determined in a
different way — from the condition Q,, = M,/C, where M, is the
second mass of dust emitted from production facilities, g/s; Cis
the average dust concentration in the room, g/m?. C should not
exceed the maximum permissible concentration for dust in the
working area regulated by the General Sanitary and Hygienic
Requirements for Working Area Air GOST 12.1.005-88. In ad-
dition, the condition M, < M,,,, where M., is the second mass
of dust collected in the main and circulation circuits of the
cleaning system, g/s, must be met in the DCCS. M, is deter-
mined in accordance with the methodology for calculating sys-
tem performance indicators [15].

Pressure loss in the annular channel of the collection-re-
turn apparatus is
L pv?
APml = leﬁpzml

where L is the length of the CRA, m; H — the width of the an-
nular channel CRA, m; v,,; — average speed in the annular
channel, m/s.

AP,,; consist of losses along the length and in local resis-
tances (entrance to the channel from the tangential branch
pipe and flow turn at the outlet of the channel). In this case;
C, is a complex coefficient of hydraulic losses in the annular
channel, which takes into account both the length losses and
local losses, including the effect of the airflow twisting effect
on the value of the total losses. Due to the complexity of the
process hydrodynamics, it is impossible to consider the two
types of losses separately.

The values such as pipeline lengths and diameters and
volumetric flow rates, and therefore average velocities, which
are included in the formulas above, are individual values for
each particular DCCS. They are specified in the design speci-
fication. The hydraulic friction coefficients are determined by
well-known relations (for example, the Schifrinson formula)
depending on the equivalent roughness of the pipe material,
and the local loss coefficients are determined by reference
data. Therefore, it is easy to see that the only value for which
there is no standard calculation method is the complex coef-
ficient ;.

Since pressure channels with an annular cross-section
are often used in heat exchangers, most of the previously
conducted studies of gas flow under such conditions were
mainly focused on the calculation of the heat transfer pro-
cess [18, 19]. The nature of the dependence of the pressure
loss on the Reynolds number under conditions when the in-
ner wall rotates was studied in [20]. The results showed the
dependence of the loss value on the relative thickness of the
channel, but the experiments were carried out at low (close
to the critical) Reynolds numbers. The swirling flow was also
studied at low Re in [21], but the issue of hydraulic resis-
tance was not considered. Therefore, there was a need to
conduct a separate study on the hydrodynamic features of

>
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the swirling flow in the annular channel in order to quantify
the complex coefficient C,,,.

Numerical modelling of gas flow in the collection-return ap-
paratus. The hydrodynamic features of the swirling flow in the
annular channel were studied using numerical modelling in
the Solid Works Flow Simulation application package.

Modelling criteria. At the preliminary stage, the dimen-
sionless modelling criteria were defined for this task. This was
done with the help of the n-theorem, according to which the
functional relationship between p dimensional quantities can
be represented as a relationship between k dimensionless com-
plexes (m numbers) composed of these dimensional quantities.
The number of complexes is k = p — n. Here, n is the number of
basic units of measurement (» = 3; mass (M) is measured in
kilograms, kg; geometric dimension (L) is measured in me-
tres, m; time (T) is measured in seconds, s).

The dimensions that can affect the flow are H (m) — the
width of the annular channel; D, (m) — the inner diameter;
L (m) — the length of the channel; v=v,,; (m/s) — the gas veloc-
ity in the annular channel; p (kg/m?) — the air density; p1 (Pa - s)
— the coefficient of dynamic air viscosity; & (m) — the rough-
ness of the inner walls of the pipe. Seven dimensional quantities
lead to the need to obtain four dimensionless complexes 7.

Given that dim (H; L; 8) = L, dim v= LT', dim p = ML,
dim p= ML'T-!, using the Rayleigh method, we obtain

n, = HvpD; m,= Hvps;
3= HvpL;

where dim 7, = L' (LT (ML-3)?' L, whence

Ty = va”'s

X +y, -3z, +1=0

-»,=0 ,
=0
x; =-1, that is
Dl
it :ﬁ'
Similarly, we get

T, :i; Uz :i’

H H

where dim 7, = D4 LT Y (ML3)*(ML'T"), whence
X, +y,-32,-1=0
-y, —1=0 ,
z,+1=0

and

Y
‘" Hvi Re’

where Re is the Reynolds number.

Boundary conditions and design relations. The scheme and
geometric dimensions of the experimental apparatus are
shown in Fig. 3. The length L = 5.5 m and width A = 100 mm
of the annular channel were unchanged. The roughness 6 =
= (.15 mm, which corresponds to the value for a surface made
of galvanised iron, also did not change. Thus, m, = 1.5 - 1073
and rt; = 55. The criterion ©t; was set to four values by changing
the inner diameter D, and the corresponding change in the
outer diameter D,, and the criterion 7, was set by changing the
average velocity in the annular channel. The simulation was
performed for air with p = 1.2 kg/m*and u=1.81 - 107 Pa - s.

In cross section 1-1 of the inlet, the volume flow rate
0, =0,, (m?/s) was set (Fig. 3). By changing it, the value of the
velocity in the annular channel v was varied. In cross section
2-2, the pressure P, = 101.3 kPa (atmospheric pressure) was
set. All solid surfaces were subject to the effect of sticking, i.e.,
the velocity had a zero value.

Fig. 3. Geometric parameters of the CRA

Based on the results of the numerical modelling, the pres-
sure P, was determined in section 1-1. The pressure difference
(P,—P,) was used to calculate the complex hydraulic loss coef-
ficient

¢ _2H(R —P)+pH(v;—v,,)
ml — .

PVl
Speed in the inlet branch pipe CRA
40,
0 ndg ’

where d, is the diameter of the inlet branch pipe, m.
Speed in the annular channel is

S, T,
" m(D}-D?)
The speed at the exit of the CRA is
40,
Vm = oy
w(D; - Dy)
The Reynolds number is
— lepH
_711 .

Modelling results and their analysis. On the basis of the cal-
culations, graphs of the dependence of {,,, on the Reynolds
number were constructed for four values of n; (Fig. 4). The
graphs showed that the numerical experiments were carried
out mainly in the region of {,,, autosimilarity with Re. At the
same time, the larger «t;, the higher the complex hydraulic loss
coefficient. Fig. 5 shows the dependence of {,,on =, for the
automodel zone of hydraulic resistance.

The simulation results showed that no vortex zones oc-
curred in the flow segment from the inlet to the outlet of the
apparatus in the experimental intervals of the Reynolds num-
ber and ©t; numbers. Thus, the energy lost by the flow is spent
on overcoming additional tangential stresses caused by the ki-
nematic restructuring of the flow, including those associated
with its twisting.

The nature of the change in the distribution of the axial
component of the flow velocity uz in the annular channel can
be traced in Fig. 6 (L, is the value of the distance of the cross-
section under consideration from the axis of the inlet of the
CRA, as shown in Fig. 3). It can be visually seen that the tan-
gential flow inlet causes a much greater uneven distribution of
uz across the annular channel cross-section than if it were
caused only by the action of viscous friction forces. Moreover,

Re
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35 the distribution of the axial velocity is largely non-axisym-
metric, although this effect becomes weaker with distance
$m1 74 from the inlet.

The intensity of flow twisting can be quantified by the ratio
of the average circumferential velocity in a particular cross-
sectional section v, to the average flow rate v,,,. For this pur-

2 pose, four mutually perpendicular sections were selected in
s | hoke—t—p—A—A—— the sections with L,/H = 5.0—31.0, the orientation of which
’ was set at an angle ¢ = 0, 90, 180 and 270°. The angle was

1 _.__._..!E.-:l:—l-—l counted counterclockwise starting from the first flow out of
the nozzle. The average circumferential velocity in the bore

0.5 ‘H_T_._._T._.f was determined by the formula
0

1 H
=— h)dh,
0 15 30 Rel0 45 I H{u“’( )

2.5

Fig. 4. Dependence of C,,, on the Reynolds number:
e — D =800 (m, =8); m — D, = 1200 (1, = 12); A — D, = 1600 where u,(h) is the distribution of the circumferential velocity
(= 16); ¢ — Dy =2200 (m; =22) in the formation based on the results of numerical modelling;
h is the current coordinate in the formation, m.
The results of the calculations are shown in the Table. It

A can be seen that the intensity of the twist decreases in a wavy
Cm1 manner as the flow approaches the outlet of the annular chan-

3 nel. The waviness indicates that the tangential inlet not only
/. imparts swirl to the flow, but also makes the flow helical. This

/ circumstance, firstly, is of great theoretical importance for the

2 / hydrodynamics of a swirling flow in an annular channel, and,
secondly, is of purely practical importance. This flow character

1 /‘/ should be taken into account when finalising the length of the
./ annular channel. For example, if L/H equals 25, the intensity

of the twist in different zones of the outlet cross-section will

0 differ significantly (1.16; 0.89; 0.59; 0.39), which will lead to a

3 10 15 20 ™23 significant violation of the axial symmetry of the free jet. This

Fig. 5. Dependence of C,,, on ., for the automodel zone of hy- will adverse!y affect the completeness of'the secoqdary capture
draulic resistance of dust particles that were not captured in the main circuit ap-
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Fig. 6. Distribution of the axial velocity component u, in the annular channel:
a—L/H=5b—L/H=10;c— L/H=15,d — L/H=20;e — L,/H="25
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Table
Changing the twist parameter along the annular channel

power plant materials, design and technology, (pp. 217-243). Woodhead
Publishing. https://doi.org/10.1533/9781845699468.2.217.

2. Omine, M., Nagayasu, T., Ishizaka, H., Miyake, K., Orita, K., &
Kagawa, S. (2017). AQCS (air quality control system) for thermal
power plants capable of responding to wide range of coal properties
and regulations. Mitsubishi Heavy Industries Technical Review, 3, 55-
62. Retrieved from https://www.mhps.com/jp/randd/technical-re-

3. Stalinskii, D. V., Mantula, V. D., Pirogov, A.Y., Shaparenko, A.V.,
& Shvets, M.N. (2016). Reconstruction of gas-purification system
and ladle—furnace unit at PAO Severstal’. Steel in Translation, 46(2),
159-163. https://doi.org/10.3103/S0967091216020157.

4. Pliasovska, A.V., & Polukarov, Yu.O. (2021). Methods for reduc-
tion of dust pollution at metallurgical and mining enterprises, 162-
166. Retrieved from https://ela.kpi.ua/bitstream/123456789/45238/1

PrOPPTsB-25_2021-11_p162-166.pdf.

5. Afshari, A., Ekberg, L., Forejt, L., Mo, J., Rahimi, S., Siegel, J., ...,
& Zhang, J. (2020). Electrostatic precipitators as an indoor air cleaner —
a literature review. Sustainability, 12(21), 8774. https://doi.org/10.3390

6. Muzafarov, S., Tursunov, O., Balitskiy, V., Babayev, A., Batiro-
va, L., & Kodirov, D. (2020). Improving the efficiency of electrostatic
precipitators. International Journal of Energy for a Clean Environment,
21(2). https://doi.org/10.1615/InterJ EnerClean Env.2020034379.

7. Ng, B.F,, Xiong, J.W., & Wan, M. P. (2017). Application of acous-
tic agglomeration to enhance air filtration efficiency in air-condition-
ing and mechanical ventilation (ACMYV) systems. Plos one, 12(6),
e0178851. https://doi.org/10.1371/journal.pone.0178851.

8. Yan, J., Chen, L., & Yang, L. (2016). Combined effect of acoustic
agglomeration and vapor condensation on fine particles removal.
Chemical Engineering Journal, 290, 319-327. https://doi.org/10.1016/j.

paratus. However, this disadvantage can be significantly re-
duced by choosing L/H=22.0 or L/H=29.0.

Conclusions. Thus, it has been shown that the hydraulic
calculation of a two-circuit closed air purification system can
be carried out by drawing up a pressure balance of individual
circuits. This makes it possible to determine the required pres-
sure values, and therefore, according to the characteristic P =
=£(Q), to select fans for the main and circulation circuits from
existing catalogues.

Most of the values that make up this balance can be calcu-
lated in accordance with the known rules of hydraulics. To cal-
culate the pressure loss in a filling station, the concept of a
complex hydraulic loss coefficient is introduced, which inte-
grally takes into account three factors that affect its value. By
means of numerical modelling, the dependence of this coeffi-
cient on the relative width of the channel and the main regime
parameter (Reynolds number) was determined. It turned out
that the narrower the channel, the greater C,,; and, accordingly,
the greater the pressure loss. In the range of practically proba-
ble Reynolds numbers, there is no dependence of ,,; on Re.

The analysis of the flow simulation results showed that the
tangential inlet gives the flow in the pressure annular channel
not only a twist, but also makes the flow helical.
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OcHOBHM PO3PaXyHKY JTBOKOHTYPHOI CHCTEMH
OYMILEHHS MOBITPS Bill MOJIIMCIIEPCHOTO MY
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“Opmecbka  moJliTexHika”,

Merta. [TinBuiLleHHS piBHS €KOJIOTIYHOI O€3IEeKM ITiaIpU-
€MCTB 3a paxXyHOK TMOJIIMIIEHHS SKOCTi OUMIIEHHS TTOBITpsI
Bill MOJTiIMCTIEPCHOTO MUY Y IBOKOHTYPHUX 3aMKHYTHX CUC-
Temax, 30KpeMa OTpUMMaHHSI OCHOBHMX PO3paXyHKOBUX CITiB-
BiITHOIIEHD JUIS1 IHXKEHEPHOTO PO3PAaXYHKY TAKUX CUCTEM.

Mertoauka. Merta nociilkKeHHsT peasi3oByBayiacsl I1LISI-
XOM MaTeMaTUYHOTO i YMCTIOBOTO MOJIETIOBaHHS TiIpOAMHA-
MiYHMX TPOLECIB y eJIeMEHTaX 3aMKHYTOI ABOKOHTYPHOL
CHCTEMU OYMIIICHHS.

Pesyabratn. 3anporioHoBaHa METOAWKA TigpaBIiYHOTO
PO3paxyHKy 3aMKHYTOI TBOKOHTYPHOI CUCTEMM OUYMWILIEHHS
LJISIXOM CKJIAaHHS OallaHCy TUCKY OKPEMUX KOHTYPiB, BU-
3HayeHa 3aJIEXKHICTb UISI KOMIUIEKCHOTO KoedillieHTy Tri-
JpaBJIiYHUX BTPAT anapary 30MpaHHsI-TIOBEPHEHHSI.

HaykoBa HoBusHa. [impaBiiuHuii po3paxyHOK HABOKOH-
TYPHUX 3aMKHYTHUX CUCTEM OUYUILEHHS 3alIPONIOHOBAHO MPO-
BOAMTH LUISIXOM CKJIaJaHHsI OaJlaHCY TUCKY OKPEMUX KOHTY-
piB. st po3paxyHKy crienudiyHOro ejleMeHTy CUCTEMU —
anaparty 30MpaHHSI-MIOBEPHEHHSI — YBEIEHO MOHSTTS KOMII-
JIEKCHOTO KOoeDilliEHTY TiIpaBIiYHUX BTPAT, 1110 BPAXOBYE K
MicClIeBi BTpaTu TUCKY, TaK i BTpaTH 3a TOBXWHOIO, & TAKOX
OIOCePEeKOBAHO BiOOpaXKae BILIMB 3aKPYTKU MTOTOKY Ha Ti-
JIPaBJIIYHUI OMip UBOTO eJIeMeHTY. [JIs1 KOMITJIEKCHOTO KOoe-
(ilieHTa rimpaBIiYHUX BTPAT HUISIXOM YKCIOBOIO MOJIEIO-
BaHHS TiAPOJMHAMIYHUX MPOLIECiB Teuii 3aKpy4YEeHOIro MOTO-
Ky Y KiJIbLIeBOMY HaIlipHOMY KaHaJli OTpMMaHi KiJIbKiCHi pe-
3yJIbTaTU, HEOOXiIHI UIs1 iHXKEHEPHUX PO3PAXYHKIB.

IIpakTiyna 3HaunmMicTs. OTpUMaHi pe3yabTaTH TO3BOJIS-
I0Th MPOEKTYBATU NBOKOHTYPHI 3aMKHYTi CUCTEMU OUMILICH-
HS1 ISl PI3HUX BUPOOHMYMX YMOB, 11O, Y CBOIO Yepry, Iae
MOXJIMBICTb 3aMiHIOBATU TUIOBI I Hee(EKTUBHI MPSIMOTOY-
Hi CUCTEMHU Ha CUCTEMY, Y SKill 3a pAXYHOK PO3IiJIbHOIO OYM-
IIEHHS 3HAaYHO MiABUILYETHCS €(EKTUBHICTh YJIOBIIOBAHHS
MOJIAUCIIEPCHOTO MUILY.

KumouoBi cioBa: exonociuna bezneka, norioucnepchuil nua,
cucmema ouuweH s, 2iopasaiuni empamu, 6aNaHC MUCKY
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