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Branches of application of pressure distributive pipelines are presented. Critical analysis
of known methods of reduction of non-uniformity of dispensation of fluid from pressure
pipelines along the path has been analyzed. It has been shown that mobile regulation of fluid
dispensation from pressure pipelines can be achieved by means of installation of cylindrical
nozzles with lateral and orthogonal to the longitudinal axis inflow of a stream-line into the
nozzle, provided the nozzles can be rotated about their longitudinal axes in the course of
operation. The suggested technique of regulation of fluid dispensation from pressure pipelines
is obtained due to solution of the differential equation of variable flow rate fluid flow.

An investigational bench for experimental determination of values of coefficient of flow rate
of cylinder-shaped nozzles with lateral inflow of stream-line, which are installed in a pressure
distributive pipeline with the possibility of rotation about longitudinal axes of the nozzles, has been
manufactured. The coefficient of flow rate of these nozzles depends on the angle f between the
direction of water stream flow in the distributing pipeline and the direction of the outflowing jet.
The angle § can be changed by means of rotating the nozzle about its longitudinal axis.
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IIpencraBiieno rajaysi 3acTocyBaHHSl HAIPHUX PO3NOAIILHUX TpyOompoBoaiB. 3aiiicHe-
HO KPUTHYHMII aHami3 BiZOMHX MeTOAiB 3MeHIIeHHS HepPiBHOMipHOCTI HIIAX0BOI po3naui
piaunM i3 HanmipHUX po3noaiibHUX TpyOonposoais. IlokazaHo, M0 MOOITEHOTO peryJIlOBaHHS
po3aayi piguHU 3 UX TPYOONMPOBOIIB MOKHA JOCATTH, 3aCTOCYBABIIM HA HUX WWIiHAPUYHI
HacaJIKd 3 OiYHUM (OPTOrOHAJBLHMM 0 NO3I0BKHBLOI OCi HACaJKHM) BXOJOM CTPyMEHS Yy
Hacajgky. 3alpoNOHOBAaHY METOAUKY peryJIoBaHHA po0OTH PO3NOAUILHMX TPYOONpPOBOAIB
OTPUMAaHO PO3B’A3aHHAM AU(epeHNialbLHOr0 PiBHAHHSA PyXy PiAUHU 3i 3MiHHOI0 BUTPATOI0.

BuroroBieHo creHx /S eKCHEPUMEHTAJbHOTO0 BCTAHOBJIEHHS 3HaYeHb KoedilieHTa
BUTPATH LWIIHIPHYHMX HACAOK i3 OiYHMM OpPTOrOHAJBLHHM BXOJAOM CcTpyMeHsl. Bimpisok
PO3MOALILHOrO TPYOONPOBOIY i3 HACATKOIO 3aKPIMJIEHO HA BHYTPIllIHHLOMY 0011i TOPLEBOI KPUIIIKU
HanipHoro 6axka. Hacagky 3MOHTOBaHO y CTiHUi po3NOAILHOTO TPYOOMPOBOAY 3 MOMKIUBICTIO
o0epTaHHS HABKOJIO ii M03/10B:KHBOI oci. KoedinieHT BUTpaTH ¢ 1uX HacaJ0K 3aJ1e5KATh BifA KyTa f
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MK HANpPSIMKOM PyXy INOTOKY BOJAM Y PO3NOALILHOMY TPyOONpPOBOAI Ta HANPAMKOM pyXy
CTPpyMeHsl, KOTPUH BXOAWUTb A0 HACAAKH, Bil’€IHYIOUMCH Bil TOTOKY Y PO3NOALILHOMY
TpyOonposoai. O0epTaHHSIM HACAAOK BiTHOCHO iXHIX IO310B/KHIX Oceil 3MIiHIOBAJM 3HAYEHHS
KyTa f. 3HaYeHHs1 BUTPAaTH BOAM KPpi3b IOCTIIZKyBaHi HACaJKH BCTAHOBJIIOETHCH 00’€MHUM
cnocooom. PoOouoro pinuHOoI0 ciayrye Boga. Maca BoaM, KOTpa HaaXoAuTh Yy MipHUH 0ak,
BHMIPIOETBCSI €JICKTPOHHOI0 Barol, a 4ac ii HAIXOIKeHHS — eJIeKTPOHHHMM CeKyHAOMIpoM.
MoHTaskeM BiApi3ka po3NoAiJIbHOr0 TPyOONMPOBOAY 3 HACAJAKOI ycepeAWHi HamipHoro Oaka
BiITBOPIOIOTHCSI YMOBHM PO0OOTH HACAAKHU i3 OiYHUM BX0JA0M Y PO3NOAIILHOMY TPYOONpPOBOi.
Hocainnmii crenn 3a0e3nevyye 3MiHIOBaHHSI HANIOPIiB y HanipHOMY 0aky B Meskax Bix 0 1o 17,0 m.

Ilogano cxeMy eKCNepUMMEHTAJBHOTO CTeHAY Ta CXeMHM BHM3HAYeHHA KyTa f Mix
HANPSIMKAMHM PyXy NOTOKY BOAU Yy PO3NOALILHOMY TPYOONPpPOBOAi Ta CTpPyMeHs, KOTpHMH
Bix’ennyernes Bin Hboro. IlpeacrasiieHo 00’eMHI 300pakeHHsI By3/ia KpilUIEHHSI PO3MOALIbL-
HOI0 TPyOONpoOBOAY TAa HACAAKH.

Karo4osi cjioBa: po3nogiisauii TpyoonpoBia; HMIIHAPHYHA HAcaAKa 3 OiYHMM BXO/I0M.

Introduction. Pressure distributive pipelines (PDs) are used in irrigation, water supply, power
engineering, water drainage, ventilation, agricultural aviation (spraying the plants), water transport,
mechanical engineering, chemical industry [1], and others. In majority of cases, industrial processes call
for ensuring of uniform dispensation of fluid along the PD.

Literature review. The regulation of fluid dispensation is achieved in different ways. The
introduction of hydrodynamically active additives into the stream essentially decreases the non-uniformity
of fluid dispensation along the path without changing the geometrical parameters of the PD. The degree of
reduction of non-uniformity depends on the concentration of the additives which are introduced into the
stream [2]. The method ensures continuous or periodic regulation.

Reduction of non-uniformity of fluid dispending from PDs is achieved by means of reduction of the
diameter of the PD in the direction of the stream [3 pages 274-276], as well as by means of the distance
between outlet holes and by increasing their areas along the stream. It is detected [4] that the non-
uniformity of water dispensation along the path from a conic PD is less than that of cylindric PD. The least

non-uniformity is achieved when the initial diameter D,  of a conic PD is twice greater than the terminal

beg

diameter 0 . Further increase in the ratio D D of the diameters caused increase in non-
end beg | " end

uniformity of water dispensation along the path [4].

It has been investigated [5] that the shapes of outlet holes made in a wall of a rectangular PD and the
thickness of the wall of the PD influence geometric characteristics of outflow jets. With the increase in the
thickness of the wall of a PD from 2 to 10 mm, the flow compression ratio £ at the outflow from the hole
increases, and the non-uniformity of water dispensation along the path decreases. The non-uniformity of
operation of PD decreases with the decrease in its porosity. The coefficient p of flow rate in outflow of

fluid from investigated holes changed within the range of 0.66 to 0.68. Less non-uniformity of water
dispensation along the path was observed in its outflow through holes which had been made in the PDs
whose walls were thicker [5]. The results which were obtained in the work [5] give us a reason to think that
in fluid outflow through nozzles this tendency enhances.

In outflow of water from holes which are made in a wall of irrigational pipeline, the value of the coefficient
u of flow rate depends on the angle S . In the case of the outflow through holes, the angle 8 was considered as a

function of speed of the stream and of the pressure in the site of outlet holes inside the pipeline [6].

On the basis of analysis of literature sources, the authors of [7] came no the conclusion that the least
non-uniformity of fluid dispensation from a pressure PD can be achieved in PD-reducers with a continuous
slot in its wall.

The considered works [3-7] concern water outflow from pressure PDs through holes. The authors of
the works [3] and [7], with the aim to reduce non-uniformity of water dispensation along the path from PD,
suggest to manufacture PD-reducers and to replace holes by continuous slots. However, the holes, slots,
and geometric shape of the manufactured PDs remain the same.
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For this reason, they do not ensure further regulation of dispensation of fluid from the PD along the
path. In the work [2], a method of regulation of fluid dispensation from a PD along the path without any
change in geometric parameters of the PDs is suggested.

The authors of [8] have invented a way of regulation of fluid dispensation from pressure PDs along
the path by means of equipping the PDs with turn able nozzles with lateral inflow of stream-line. By means
of rotation of nozzles about their longitudinal axes the angle [ of the jet outflow can be changed, and

consequently, the change in the value of the coefficient p of flow rate. Thus, the dispensation of fluid

along the path is regulated. The suggested technique is obtained due to solution of the differential equation
of variable flow rate fluid flow [9]. However, in literature there are no data on values of the coefficient u

of flow rate for cylindric nozzle with lateral inflow of stream-line which are installed in a pressure PD.

Aim of the work: to suggest and to manufacture an experimental investigational bench for
determining the values of the coefficient of flow rate for cylindric nozzles with lateral inflow of stream-
line which are fixed in a pressure PD depending on the angle of inflow of the stream-line into a nozzle.

Experimental bench. The task of this work was to create an experimental investigational bench in
order to simulate in it the conditions of water inflow into cylindric nozzles with lateral inflow of stream-
line for a pressure PD. Values of the coefficient u of flow rate of the investigated nozzles are determined in
volumetric way. There, as operating fluid we use water. The mass of water which inflows into the
measuring tank is measured by electronic balance, and the time of the inflowing is measured by electronic
stop-watch. The suggested bench (Fig. 1, Fig. 2) enabled us to investigate water outflow from cylindric
nozzles under the action of the head which was changed from 0 to 17 m .

Fig. 1. Schematic diagram of experimental bench:
1 — reservoir with water, 2 — pressure tank with
fragment of investigated PD; 3 — joining pipeline;
4 — pressure gauge; 5 — piezometer; 6 — water draining
pipe; 7 — water receiving tank; 8 — electronic balance;
9 — jet outflowing from PD though investigated nozzle;
10, 11, 12 — taps

17,0m

4

Fig. 2. Pressure tank

The values of head which were less 2.2 m were measured by means of a piezometer accurate to
2.2 mm . The values of head which were greater than 2.2 m were measured by MTH pressure gauge

accurate to 0.02 xg/ cm? whose class of accuracy was 0.6.

The investigated nozzles were installed on inner surface of the butt lid of the cylindrical tank (see
item 2 in Fig. 1). For simulation of the conditions under which the outlet cylindrical nozzle with lateral
inlet in PD operates, the outlet end of the nozzle was fixed in the pipe branch, which operated as PD
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(Fig. 3-5). In Fig. 3, the fixation of the segment PD with a nozzle built-in is show form external and
internal sides of the butt lid of the pressure tank 2. In order to bather understand the schematic diagram of
fixation, it is depictured axonometrically. And in Fig. 4, axonometric presentation of a section of the
fixation of PD with a nozzle is given; in Fig. 5 parts of the fixation.

Fig. 3. Fixation of segments of PD with investigated nozzle fixed on butt lid of pressure tank:
1, 10— bolts; 2, 11, 12 —washers; 3, 8 — installation yokes, 4 — segment of PD; 5 — blind on butt;
6 — outlet nozzle; 7, 13 — rubber gasket,; 9, 15 — nuts; 15 — lid of pressure tank

Fig. 4. Axonometric section of assembly of fixation (on
butt lid of pressure tank) of segment of PD with
investigated nozzle

Fig. 5. Parts of fixation of segment of PD with investigated nozzle:
1,10 - bolts; 2, 11, 12 — washers; 3,8 — installation yokes; 4 — segment of PD; 5 — blind on butt of PD;
6 — outlet nozzle,; 7, 13 — rubber gaskets; 9, 15 — nuts; 14 — butt lid of pressure tank
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The cylindric nozzles with lateral inflow of stream-lines (Fig. 6, a) are fixed in a pressure PD
provided the possibility of rotation about their longitudinal axes (Fig. 6, b).
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Fig. 6. Cylindric nozzles with orthogonal lateral inflow: a — schematic diagram,
b — general view (in center, segment of PD with built-in nozzle)

In the course of the experiments, the angle B between the direction of water stream in PD and the

direction of the outflow jet were assigned the values within the range of 0°...360° (see the Table and

Fig. 7).

Geometric characteristics of the manufactured distributive pipe-lines

Diameters, mm Ratio of cross-section areas
— — Nozzl
Dlstrlbumg pipelines, OZ es, of nozzle and PD, ( d/ D)Z
20.18 6.01 0.0887
26.01 8.99 0.119
20.18 8.02 0.158
11.28 4.83 0.183
16.13 8.08 0.250
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Fig. 7. Schematic diagrams of reference of angle f§ between direction of water stream in PD and direction of
outflow jet: a — f=0°; b—=180°; ¢ — p=225°; d — =270°; e — f=315°; 1 — cylindrical nozzle with lateral
orthogonal inlet (cross-section); 2 — outlet of nozzle; 3 —wall of PD; V is the mean speed of stream in PD; v
ditto for stream-line which inflows into nozzle from PD
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Conclusions. An experimental investigational bench for evaluation of the coefficient of flow rate for
outlet cylindric nozzles with lateral orthogonal inflow of stream-line has been manufactured. The nozzles
were fixed in the wall of a distributive pipeline so that they can be rotated about their longitudinal axes.
This ensures the possibility to regulate the value of the angle B between the direction of the water stream in
the distributive pipeline and the direction of the jet which outflows from the pipeline through this nozzle.
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