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Abstract

Pressure distributive pipelines with path distribution of fluid are part of various technical systems. Pressure
losses at abrupt and smooth pipe reductions are components of total pressure losses in these pipelines. After all, the
equalization of fluid distribution along the length of distributive pipelines is achieved, in particular, by reducing their
diameter in the direction of flow. Depending on the configuration of the pipe reductions, pressure losses at this
pipeline element can vary. For an open-type hydraulic system, a regulatory characteristics of pressure in the pipeline
has been obtained with a constant fluid flow in a general form. The influence of measures necessary to change energy
losses in the pipeline on the hydraulic resistance of the unregulated section of the pipeline has been taken into
account. Options for these measures have been proposed for a pressure pipeline with pipe reduction.
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1. Introduction

Pressure regulation in short pipelines by means of controlled pipe reduction is widely applied in drip irrigation systems
(irrigation), water supply (for the purpose of removing iron hydroxide, free carbon dioxide and hydrogen sulfide from
water), wastewater treatment (aeration tanks, air filters, biofilters), fire water supply (sprinkler (automatic) and drencher
(semi-automatic) fire extinguishing systems), energy (cooling the circulating water in nuclear and thermal power plants),
solar collectors (cold water is supplied to the device by distribution pipelines, heated water is discharged by collector
pipelines), tidal ventilation (in production premises with significant heat release and low concentration of harmful
substances), agricultural aviation (for spraying plants), water transport (distribution pipelines fill locks and large docks for
shipbuilding and repair with water), machine building (fuel distribution mains of multi-cylinder internal combustion
engines). The given examples testify that improvement of pressure regulation process is an important problem to be solved.

The main areas of application of pressure distributive pipelines with consecutive structure are considered in [1],
[2]. Schemes of their arrangement in a number of technological processes and devices are given, and the principles of
operation are described. But attention is not paid to their design features, which can reduce the unevenness of
operation along the distributive pipelines. Thus, the equalization of the path distribution of fluid from distributive
pipelines is achieved by reducing their diameter in the direction of flow [3]. Examples of such pipelines are the main
pipeline of the water distribution device of cooling towers [4] (Fig.1), the irrigation pipeline of drip irrigation [5]
(Fig.2), the distributive pipeline of the fire extinguishing system [6] (Fig.3), the pipeline-collector of the pressure
hydraulic system for sludge removal from the setting tank [7] (Fig.4). In addition, the distributive pipeline can have a
variable cross-section along the length [8], [9] (Fig.5).

Therefore, pressure losses at abrupt and smooth pipe reductions are a component of total pressure losses in
distributive pipelines. In this case, pressure losses at the pipeline reductions can be small (Fig.6,a), moderate (Fig.6,b
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and Fig.6,c) or large (Fig.6,d) [10],[26]. This may require variation of pressure losses at these elements of
distributive pipelines.

Fig.1. Schematic diagram of the water distribution device of the cooling tower [4]:
1 — main pipeline; 2 — working pipeline; 3 — riser for the sprinkler device.
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Fig.2. Schematic diagram of the irrigation pipeline of drip irrigation for cleaning from silt [5]:
1 - pipe; 2 — self-flushing device; 3 — plugs; | — length of the irrigation pipeline;

I3, 15, ..., I; = length of sections of the irrigation pipeline with a diameter of dy, ds, ..., d;.
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Fig.3. Schematic diagram of a dead-end distributive pipeline of variable diameter [6]:
1...6 —sprinkler; d,, d,, d; — diameter of sections of the pipeline.
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Fig. 4. Schematic diagram of a pressure hydraulic system for sludge removal from the settler [7]:
1 - settling tank; 2 — pipeline-collector; 3 — nozzle; 4 — sludge.
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Fig.5. Schematic diagram of pressure distributive pipeline of variable cross section:
(a) with a tapered side wall [8]; (b) with a shaped side wall [9].
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Fig. 6. Schematic diagram of flow at reduction of the cross-sectional area:
(a) abrupt reduction with rounded edges [9], [10], [26]; (b) converging nozzle with rectilinear boundary walls [9], [10], [26];
(c) abrupt reduction with beveled edges [9]; (d) abrupt reduction with sharp edges [9], [10], [26].

2. Analysis of the recent publications and research works on the problem

For a pressure hydraulic system of an open type with variable fluid flow rate, the regulatory characteristics of the
flow in the pipeline is presented in [11], [14] and on the regulated section of the pipeline in [12].

For a pressure hydraulic system of an open type with constant fluid flow rate, the regulatory characteristics of the
pressure in the pipeline has been considered as follows [13]:

Hen ({reg‘*a)ch*'{unr
H Creg+Sunrta '

@

where Hg, and H are the pressure created by the pressure reservoir (Fig.7,a) or pump (Fig.7,b), with measures for
changing the energy losses in the pipeline of the pressure hydraulic system, and without these measures respectively;
(reg aNd e are the overall coefficients of fluid resistance of the regulated and unregulated sections of the pipeline,
respectively; a is the coefficient of the kinetic energy of the flow.

The pressure created by the pressure reservoir or pump without measures for changing the energy losses is
calculated by the formula:

H:h+§—;, 2)

where h is the geometric height (Fig.7,a and Fig.7,b); po is the static pressure on the free surface of the fluid in the
pressure reservoir (Fig.7,a) or in the pressure pipeline at the outlet from the pump.

The overall coefficient of fluid resistance is calculated as follows:
l
=12 (A=)+ 2], 3
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where (1-1/d) is the friction loss coefficient; A is the hydraulic friction coefficient; | and d are the length and diameter
of the pipeline, respectively; {'is the local hydraulic resistance coefficient.

The resistance coefficient of the regulated section is defined as [14]:

((reg)ch = {reg [1+ f(reg)], (4)

where f(reg) is the regulation function that takes into account measures necessary for changing energy losses in the
pipeline of a pressure hydraulic system.
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Fig.7. Schematic diagram of control for pressure loss in a hydraulic system
with a pressure reservoir (a) and a pump (b) using a regulated section of the pipeline:
1 — pressure reservoir; 2 —working fluid; 3 — pressure pipeline; 4 —regulated section of the pipeline;
5 — feed reservoir; 6 — tail pipeline; 7 — pump.

The regulatory characteristics of the pressure in the pipeline with constant fluid flow rate is determined by the
formula

H¢ .
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where a,, is a coefficient that takes into account the change in the kinetic energy correction of the fluid flow; ¢,, is a
regulation coefficient that determines the depth of regulation on the regulated section of the pipeline.

The influence of measures to change energy losses in the pipeline on the hydraulic resistance of its unregulated
section is not taken into account in formula (1).

3. Formulation of the goal of the paper

The goal of this work is to justify the possibility of changing the hydraulic resistance of the unregulated section
of the pipeline, taking into account the measures necessary to change the energy losses.

4. Presentation and discussion of the research results

The regulatory characteristics of the pressure in the pipeline of the open type pressure hydraulic system with
constant fluid flow rate will be written in a more general form as follows:

Hep ((reg"‘(unr"‘a)ch

H Cregtlunrta ' (8)
Then, using formula (4), we obtain:
1 4 (@ + G + G freg)], )
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where {,, is a regulation coefficient that determines the change in the reduced hydraulic resistance coefficient on the
unregulated section of the pipeline,

Therefore, to change the energy losses in the pipeline, it is necessary to set the regulation function f(reg).
Moreover, the efficiency of regulation will be determined by the sign of «..,, {.., ¢, and f(reg).
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If the necessary measures to change the energy losses in the pipeline do not affect the hydraulic resistance of its
unregulated section, then formula (10) is transformed into formula (5). And in the absence of a change in the kinetic
energy correction of the fluid flow, according to formula (6), formula (5) is rewritten as:

% =14+, - f(reg). (11)

Thus, for pressure hydraulic systems with pipeline reduction, the effect of measures necessary to change energy
losses in the pipeline can be achieved:

1) by changing the geometric parameters of the pipeline with unchanged properties of the working fluid;
2) by changing the properties of the working fluid with unchanged geometric parameters of the pipeline.

In water fire extinguishing systems with reducing cross-section along the pipelines to stabilize the flow of liquid
fire extinguishing fluid, hydrodynamically active polymers [15] can be used. In this case, preference is given to
pipelines with a smooth change in cross-section.

5. Conclusion

Based on the example of pressure distribution pipelines, for which the equalization of the path distribution of the
fluid is achieved by reducing their cross-section in the direction of the flow, methods of changing pressure losses
during pipe reduction have been developed. The regulatory characteristics of the pressure in the pipeline of an open
type pressure hydraulic system with a constant fluid flow rate has been obtained in a general form. The influence of
measures necessary to change energy losses in the pipeline on the hydraulic resistance of the unregulated section of
the pipeline has been taken into account. Options for these measures have been proposed for a pressure pipeline with
pipe reduction.
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3MiHa rigpaBJIivHOro ONOPY B HANIPHHUX TPYOONPOBOAAX
TiApaBJIiYHOI CMCTEMH PO3IMKHEHOI0 THITY

Tapac Cunop, Bagum Open

Hayionanvnuti ynieepcumem «JIvgiecoka nonimexuikay, eya. C. banoepu, 12, m. Jlvgis, 79013, Vrpaina

AHoTanis

HanipHi po3nofineHi TpyOOIIPOBOIM 31 NUITXOBUM PO3JaBaHHIM PiAMHM BXOISThH O CKJIaLy PI3HUX TEXHIYHUX
cucrteM. BTpaTu Hamopy Ha pi3KHMX 1 IUIaBHHX 3BYKEHHSX TPyO € CKIIaJOBOI0 3arajJibHUX BTpaT HANopy B LHUX
TpyOompoBoaax. BupiBHIOBaHHS po3/1aBaHHS PIAMHY 10 JOBXHHI PO3MOIUILHUX TPYOOIIPOBOIIB IOCATAIOTh 30KpeMa
3MCHIICHHSAM IX JliaMeTpa B HalpsAMKy IMOTOKY. 3alie)KHO BiA KOHQIryparii 3By)XKeHHS TpyOW BTpaTd Hamopy Ha
I[OMY €JIEMEHTI TPyOOIpPOBOMY MOXXYTh 3MiHIOBAaTHCs. J[JIsi HamipHOI TiAPABIIYHOI CHCTEMH PO3IMKHEHOTO THITY
OTPUMAHO pEryJIOBajbHY XapaKTEpPUCTHKY Hamopy B TpyOONpoOBOAI 3a CTaloi BUTpPATH DPIJUHU Yy 3arajlbHOMY
BUTTIAAI. BpaxoBaHo BIUIMB 3ax0[iB, HEOOXIMHUX UL 3MIHH BTpAT €Heprii B TpyOONpoBOi, Ha TiApaBIidYHUNA OMip
HEpEryJIbOBaHOI TUITHKH TPYOOIpOBOMYy. 3alpOIIOHOBAHO BapiaHTH IMX 3aXOiB JJIS HAMipHOTO TPyOOmpoBOAYy 3i
3BY)KEHHSIM TPYO.

KunrouoBi ciioBa: rifpapiidHa cucteMa; peryroBajbHa XapaKTepHCTHKA; PEryIIOBaHHS HAIopy; TiApaBIiaHAN Omip.



