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The article is devoted to solving the urgent problem of increasng the efficiency of linking
sections in the hydraulic calculation of pipeline sysemsto reduce the material and energy consumption of
the sygtem as a whale. The aim of the work isto create an effective method of hydraulic linking of sections
of pipelines of microclimate support sysems, namely the * two-diameter method” and the establishment of
analytical calculations, provided that a meager per centage of theinconsistency of paralle sections.

Graphical and analytical dependences on bads of conducted theoretical calculations are presented.
Analytical calculation dependences have been established under the condition of achieving a negligible
per centage of in consistency of parallel sections. An effective method of hydraulic and aerodynamic
linking of parallel sections of pipeline systems has been developed, namely the “ two-diameter method” .

Keywords hydraulic calculation, aerodynamic calculation, linking of sections, air velocity, ventilation,
method of two diameters.

Introduction

Virtually all engineering systems in the field of heat and gas supply and ventilation are branched
pipeline networks through which water is transported (heating systems, hot water supply, external heating
networks) or air (ventilation, air conditioning, and aspiration systems).

When designing such systems, one of the important stages is the hydraulic calculation of pipelines
of heating, hot water supply, gas supply, ventilation, aspiration, air conditioning. At the same time, the
hydraulic connection of those parts of the system that are connected in paralle should be ensured
(Dovhaliuk & Mileikovskyi, 2018; Hulai e al., 2020). Failure to hydraulically connect sections of
pipelines within the normalized limits causes an imbalance of the microclimate system and inconsistency
of operational and design parameters of the microclimate, and thus deterioration of human well-being
(Kapalo e al., 2014; Kapalo et al., 2018;), and negatively affects the technological equipment of the
room. This is especially true of indoor ventilation and air conditioning systems (Dovhaliuk et a., 2018;
Kapalo et al., 2018). Today this aspect is extremely relevant.

Analysisof literature data and problem statement

There are various methods of hydraulic binding of paralld sections of water systems and
aerodynamic binding of air systems (Gumen et al., 2019). These usually include: reducing the diameter of
the pipdine, the use of throttle washers when connecting sections of heating and hot water supply, the use of
conical diaphragms when connecting sections of ventilation and air conditioning systems. When using the
throttling process (using washers or conical diaphragms), additional local resistance is created, which is
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necessary to ensure proper connection of the sections. However, the diameter of the pipeline of the site
remains constant. Therefore, the material consumption of the system (usually metal consumption), its
weight, cost and other indicators do not change. This solution reduces the efficiency of the system as a
whole, so it isa necessary measure. The percentage of residuals for different systems is regulated, namely:
for heating system 10 %, hot water supply 10 %, gas supply 10 %, ventilation 10%, aspiration 5 %, air
conditioning 10 %. At the same time, the desired result isto achieve aresidual of 0 %, ietheideal situation.

It is advisable to analyze the change in the speed of water or air during throttling. This complicates
the task of ensuring speed within the normative or desired limits (Hnativ et al., 2019; Voznyak e al.,
2015). This applies primarily to ventilation and air conditioning systems, where the speed of air
movement affects the acoustic characteristics of the system. This does not provide a normalized noise
level in the room (Klymenko et al., 2020). Another kind of threat exists in aspiration and air transport
systems. As is known (Spodyniuk et al., 2019), they are used in the woodworking industry, cotton-
spinning, textile, coal, in the processing of cereals, cement, etc. The speed of air movement in air ductsis
regulated by the speed of soaring. In these industries, these are quite significant values, in particular in the
woodworking industry — it is 17-19 m/s, cotton-spinning, textile — 17-20 m/s, coal — 17-19 /s, in the
processing of cereals can reach 25 m/s. At such speeds, respectively, a significant value is expressed by
the dynamic pressure, which is the square of the speed, which is quite high. The presence of a conical
diaphragm causes a narrowing of the area, ie a decrease in the diameter of the duct. Since the continuity
equation is valid, this fact leads to an even greater increase in velocity in the nozzle of the conical
diaphragm. Obviously, when transporting flammabl e substances in these industries (chips, sawdust, other
wood waste, cotton down, coal powder, flour) can be a fire situation (Labay et al., 2019). This makes it
possible to avoid the unacceptable threat of using only spray schemes (Fig. 1) of aspiration and pneumatic
transport, which facilitate the process of aerodynamic binding. However, as a result, the material and
energy consumption of the system as a whole increases.
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Fig. 1. Scheme of spray aspiration system

In contrast, branched schemes are much more efficient in terms of material and resource savings
and economy. However, they require a much more serious approach to aerodynamic tying of air ducts.
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A progressive direction in solving this problem is to create an effective method of aerodynamic
tying of air ducts of the pneumatic transport system, which would provide a minimum percentage of
inconsistency of parallel sections and allow to achieve adequate material consumption, weight and cost of
the system and prevent fires.

It is worth noting the division of the area to be linked into two subdivisions. Their diameter must
differ by one caliber. Obviously, this method will be called the “two-diameter method”.

Based on the analysis of literature data on hydraulic linkage, we summarize:

1) traditional methods of hydraulic connection of paralld sections of pipeline systems reduce the
efficiency of the system as awhole, so it is a forced measure;

2) the speed of air movement is increased and negatively affects the acoustic characteristics of
the system and does not prevent a fire situation;

3) traditional methods of hydraulic bonding of paralld sections of pipeline systems need to be
improved, as they do not allow to achieve perfect bonding with a negligible percentage of inconsistency
of paralld sections.

Target of thisarticle

Theaim of thework isto create an effective method of hydraulic linking of sections of pipelines of
microclimate support systems, namely the “two-diameter method” and the establishment of analytical
calculations, provided that a meager percentage of inconsistency of parallel sections.

To achievethis goal it is necessary to perform the following research tasks:

@ to analyze the existing methods of connecting sections of pipelines of microclimate support
systems and their efficiency;

@ generalize and deepen the theory of aerodynamic processes during air movement in pneumatic
transport systems and improve mathematical models;

@ establish analytical calculated dependences under the condition of achieving a meager
percentage of inconsistency of paralld sections;

@ to create an effective method of hydraulic connection of sections of pipelines of microclimate
systems, hamely the “two-diameter method”.

Techniques used
Consider the scheme of the aspiration system (Fig. 2).
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Fig. 2. Calculation scheme of the aspiration system
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The article proposes the following algorithm “two-diameter method”.

Y ou should first choose the main circulating ring (MCR). It is advisable to mark the plots with two
symbols that indicate the beginning and end of the plot, for example, two numbers 1-3 (plot on the
MCR). Similarly, mark the parallel area to betied — section 2-3.

It is necessary to determine the pressure loss Ap in the area of the main circulation ring, and use the
index a, ie Ap, to denote.

Therefore, determine the pressure loss Ap in the parallel section 2-3 for two diameters: the larger
diameter D, using theindex I, ie Ap, , and the smaller diameter d, using theindex s, ie Aps.

Having determined all the pressure losses: Ap,, Apr and Ap, it is advisable to use a geometric
interpretation (Fig. 3).
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Fig. 3. Geometric interpretation of the binding process

Fig. 3 shows a certain scale of length and pressure loss. Section 2-3, which is to be connected, is
divided into two subdivisions with alarger diameter D of length x; and a smaller one —d of length xs. The
presence of an adapter is obvious at the place of diameter change. This fact prevents the effect of sudden
narrowing, so thereis no local resistance. The location of the adapter should be marked with a point P.
Section 2-3 has atotal length |.

Wesshow in Fig. 3 two similar right triangles: smaller and larger. Legs of the smaller triangle: a and
b, iex; and (4ps— Apa,). The legs of the larger triangle: A and B, iel and (4ps— 4p)). From the similarity of
the two triangles (Fig. 3) we obtain formula (1):

b_ B
« A 0
that is
Aps - Apa — Aps - Apl ) (2)
X I
From formula (2) we obtain (3):
— Aps - Apa
N e an ©

From the formula (3) the length of the subdivision P-3 with a larger diameter x; is determined.
Y ou can solve the problem in another way by determining the length of the subdivision 2-P with a
smaller diameter xs— formula (4):

Ap, - Ap
= x——a T 4
% Aps'ApI ()
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Therefore, it is advisable to perform a check, because the total length of the section 2-3 should be
equal to the sum of the lengths of the subdivisions with alarger (P-3) and smaller (2-P) diameter.

At the same time, a simplification was adopted regarding the sum of the coefficients of local
resistance of section 2—3, which was constant when calculating the pressure losses at larger and smaller
diameters. But in fact, when dividing sections 2—3 into subdivisions P-3 and 2-P, each of them will have
only “their” local supports, ie only part of them, and not the full amount. Therefore, at the last stage it is
necessary to take into account this aspect and determine the pressure |oss on both successive subdivisions
2-P and P-3.

It is necessary to take into account the length of the adapter and subtract it from the subdivision 2-P
with a smaller diameter.

The advantages of using this method are obvious. Precise determination of the lengths of the
subdivisions x; and xs, respectively, with larger and smaller diameters makes it possible to achieve a
perfect residual (0%). The use of a subdivision with a smaller diameter makes it possible to achieve
material and resource savings by reducing the surface, weight and cost of the pipeline. Let’s estimate the
amount of surface reduction. With a section length | and a diameter D of the side surface F, :

R,=pDI. (5)
Inthe case of subdivisions of two diameters, the side surface F, :
F,=pDx+pdx. (6)

The share of reduction of thearea o astheratio F,/F, is:

¥:pD)(|+pdxs=p(DX|+dXs)_DX|+dXs =DX|+DXs+dXs' D X =1- XS(D'd)

p DI pD(x+x) Dx+DXx D X + D X o 7
The proportion of mass reduction B as the mass ratio my/my is.
rkd_ F
TRaR ®
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Therefore, the shares of surface reduction and mass coincide, and the share of cost reduction will
be greater due to the absence of a conical diaphragm (its cost and installation).

Conclusions

Based on the results obtained, we state:

1. The existing methods of connecting sections of pipelines of microclimate support systems and
their efficiency are analyzed.

2.  Thetheory of aerodynamic processes during air movement in pneumatic transport systems is
generalized and deepened and mathematical models are improved.

3. Analytical calculation dependences are established under the condition of achieving a meager
percentage of inconsistency of paralld sections.

4. An effective method of hydraulic connection of sections of pipelines of microclimate support
systems has been created, namely the “ two-diameter method”.
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0. T. Bo3usik, 1O. C. OpkeBuu, X. B. Muponiok, I. €. CyxoqoBa, O. M. JloBoym
Hanionanshmii yHiBepcuret “JIbBiBChKa MoOMiTEXHIKA”
kadeapa TermIora3onocTayatHs i BEHTHIIALIT

METOJ ABOX JIAMETPIB JJI51 YB' SI3YBAHHS AIVISIHOK
PU I'TAPABJIIYHOMY PO3PAXYHKY TPYBOIIPOBIIHUX CUCTEM

O Bosusax O. T., FOpkesuy FO. C., Muponiok X. B., Cyxonosa 1. €., /losdoyu O. M., 2021

BukoHaHO akTyasbHe 3aBJaHHs HiJBUILEHHS TOYHOCTI JOCTOBIPHOCTI €()eKTUBHOCTI YB' I3yBaHHS AUISTHOK
3a T1IPaBJIiYHOrO PO3paxyHKyY TPYOOIPOBITHUX CUCTEM JUTsl SMEHIIIEHHSI MaTepiaio- Ta €eHeproeEMHOCTI CUCTEMHU
3arasioM. HemoTprmMaHHs TipaBiivHOTO YB' sI3yBaHHS JAUITHOK TPYOOIIPOBOIB Y HOPMOBAHUX MEXaX BUKIIUKAE
po30asaHCyBaHHsI cucTeMH 3a0e3NedeHHs] MIKpOKIIMATy Ta HEBIIIOBIHICTh E€KCIUTyaTallifHUX Ta MPOSKTHUX
napameTpiB MIKpOKIJIiMary, a BiJTaK MOTIpPIIEHHS CaMOMOYYTTS JIIOJel, a TaKOXK HEraTUBHO BIUIMBA€E Ha
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poOOTY TEXHOJIOTIYHOrO O0JaaHaHHS HpUMileHHs. 1le 0coOMMBO CTOCYETHCS CHCTEM BEHTWIIALII Ta KOH-
JIMI[IOHYBaHHS TIOBITPS B TPUMIlIEHHI. MeTo0 pOOOTH € CTBOPEHHS! e(EKTHBHOTO METOIY TiJpaBIilidHOTrO
VB’ I3yBaHHs TUISHOK TPYOOITPOBOIB CHCTEM 3a0e3MeUYeHHS MIKPOKIIMaTy, a caMe “MEeTOIy JBOX JiaMeTpiB”
Ta BCTaHOBJICHHs aHATITUYHUX PO3PAXyHKOBUX 3aJISKHOCTEH 32 YMOBH JOCSTHEHHS OJIM3BKOTO IO HYJS
BiJICOTKA HEB' SI3KH MapajelnbHUX IISHOK.

[IpoananizoBaHo HasBHI METONU YB'sI3yBaHHS IUISHOK TPyOONPOBO/IB CHCTEM 3a0e3MeYeHHs] MiKpo-
KJIiMaTy Ta IXHIO eeKTUBHICTh. Y3arajJbHEHO 1 MOIIMOJIEHO TEOpil0 aepOJAMHAMIYHMX IPOIECIB MiJ Yac pyxy
TIOBITPSl B CUCTEMaX MTHEBMOTPaHCIOPTY. Po3pobiieHo MaTeMaTHYHY MOZIENb TiIpaBIivHOrO Ta aepoArHaAMIY-
HOT'O yB’SI3yBaHHS IapajeibHUX JIUITHOK TPYOOIIPOBITHUX CHCTEM METOJOM JBOX HiamerpiB. [lokaszaHo, 1o
JUTSL IOCATHEHHSI MAKCUMAaJIbHOT e()eKTUBHOCTI YB' I3yBaHHS HEOOX1/IHO TIOAIIMTH JUISTHKY Ha Bl IOCIIiJJOBHO
CHOJy4eHI MiUIIJISIHKK 3 OLTBIIMM Ta MEHIIMM Ha OAMH KaniOp nmiamerpamu. IIpencraBneno rpadiuni Ta
aHAJIITHYHI 3aJIE)KHOCTI HA OCHOBI ITPOBEJICHUX TEOPETUYHUX BUKIAZO0K. BCTAaHOBIEHO aHANIITHYHI PO3paxyH-
KOBI1 3QJIE)KHOCTI 32 YMOBHU JOCATHEHHS Mi3€pPHOrO BiJICOTKAa HEB' SI3KU MapajiefbHUX JIUISTHOK. Po3pobieHo
e(DeKTUBHUI METO/ TiNPaBIiYHOrO Ta acpPOAMHAMIYHOIO YB SI3YBaHHS MapayielbHUX IULTHOK TPYOOITPOBITHHX
CHCTEM, a caMe “METOJ ABOX JiaMeTpin” .

Konrouosi ciioBa: rinpaBJiunmii po3paxyHoK, aepoquHAMIYHMIA PO3PAXYHOK, YB' SI3yBaHHS AiISTHOK,
IIBUAKICTH NOBITPSA, BEHTHISA LA, METOA IBOX AiaMeTpiB.
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