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ABSTRACT. The paper considers features of building mortar flow through nozzles with different geometric
shapes. The study was performed using computer simulation of increased-density fluid flow through nozzles with
different outlet diameters and geometric configurations under conditions close to operation of construction mixture
supply systems. Analysis of flow velocity distribution and medium motion behavior within nozzle flow section has
been performed considering influence of outlet opening dimensions and working medium density. Influence of outlet
geometric parameters on flow intensity, formation of local flow acceleration zones, and uniformity of building mortar
supply has been determined. Special attention has been devoted to evaluation of hydrodynamic resistance growth
and redistribution of velocity fields during medium passage through narrowed outlet sections. It has been established
that nozzle geometry variation and physical-mechanical properties of the medium significantly affect flow structure
and material movement conditions through the outlet channel, which should be considered during development and
improvement of equipment intended for transportation and application of building mixtures.

Keywords: construction mortar, nozzle, fluid outflow, geometric parameters, flow simulation, hydrodynamic
processes, viscoplastic medium, flow velocity, construction mixture supply, technological process, construction
equipment

Introduction. Processes of building mortar supply and application are an important component of
modern mechanized construction and finishing technological systems. Operating efficiency of equipment
for transportation and application of building mixtures largely depends on material motion behavior within
flow channels and outlet nozzles. Nozzle geometric parameters directly affect flow structure, outflow
velocity, material supply uniformity, and working jet formation conditions during technological operations.

Investigation of building mortar outflow processes with increased density and complex structural-
mechanical properties becomes especially important, since such media are characterized by significant
internal friction, nonuniform flow velocity distribution, and high sensitivity to flow section geometry
variation. Under such conditions, application of computer simulation methods makes it possible to
determine medium flow features within nozzles of different shapes and evaluate influence of structural
parameters on material movement conditions.

One of promising directions for improvement of equipment intended for building mixture supply is
substantiation of rational nozzle geometry considering working medium rheological properties and
technological systems operating modes. Application of computer simulation methods makes it possible to
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analyze flow velocity distribution, determine local acceleration zones, and evaluate motion liquids behavior
with different density during outflow through outlet openings of different geometric shapes.

Analysis of recent research and publications. Sources [1, 2] consider features of building mortar
motion within pipeline systems and present mathematical models of viscoplastic medium supply processes
in pumping equipment. It is shown that building mixture flow behavior significantly depends on geometric
parameters of flow channels, medium motion regimes, and rheological properties of material.

Sources [3, 4] investigate processes of concrete mixture and building mortar movement within
extrusion supply systems and nozzles of different geometric shapes. It has been established that outlet
channel configuration directly affects flow velocity distribution, jet formation conditions, and material
supply uniformity.

Source [5] presents results of investigations devoted to material layer formation processes during
extrusion supply of building mixtures. It is shown that supply process consistency and material motion
behavior are largely determined by coordination between nozzle geometric parameters and physical-
mechanical properties of working medium.

Research objective. Investigation of nozzle geometric parameter influence on outflow behavior of
building mortars with different density, determination of flow velocity distribution features within nozzle
flow section, and evaluation of outlet opening shape and size influence on material movement conditions
during supply.

Main part. For investigation of building mortar outflow process, a nozzle with inlet flow section and
outlet opening of a certain geometric shape is considered. Working medium is supplied to the nozzle under
pressure difference action, after which it passes through narrowed section and exits in the form of a formed
jet. Outflow behavior is determined not only by outlet opening area, but also by cross-section shape,
medium density, effective viscosity, and energy losses within nozzle flow section.

For generalized evaluation of nozzle geometry influence on outflow conditions, coefficient of outlet
opening geometric influence has been introduced

A

= 0, 1
‘"R, v

where K, — coefficient of outlet opening geometric influence;

A, — outlet opening area of nozzle, m?;
P — outlet opening perimeter, m;
d, —equivalent diameter of outlet opening, m.
Equivalent diameter of outlet opening is determined by the following relation

44
d,=—=, 2
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Considering pressure difference, medium density, and losses within nozzle flow section, building
mortar outflow velocity can be determined by the following relation

2
v, =K K, |22, 3)
Yo,
where v, —average medium outflow velocity from nozzle, m/s;

K, — velocity loss coefficient in nozzle;
K, — coefficient of outlet opening geometric influence;

Ap — pressure difference before nozzle, Pa;
p — working medium density, kg/m>.
Building mortar flow rate through nozzle considering outlet opening geometry and rheological
properties of medium is determined as follows
Q=K. 4,,, “4)
where O — volumetric flow rate of building mortar through nozzle, m*/s;
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K, —rheological coefficient considering influence of viscosity, density, and internal resistance of

medium;
A, —nozzle outlet opening area, m?;

v, —average medium outflow velocity, m/s.

Proposed model makes it possible to consider influence of outlet opening shape, outlet size, working
medium density, and velocity losses in nozzle on building mortar outflow process. Reduction of opening
area leads to increase in local flow velocity, but simultaneously causes growth of hydraulic resistance. For
media with higher density and viscosity, influence of nozzle geometry (Fig. 1) becomes more significant,
which should be considered during selection of structural parameters of nozzles intended for building
mortar supply.

Figure 1 — Simulation of increased-density fluid outflow through nozzle:
a) with large outlet opening; b) with small outlet opening

For nozzles with large outlet opening, more uniform velocity distribution across flow cross-section
and reduction of local acceleration zones are observed. In this case, medium outflow is characterized by
lower hydrodynamic loss intensity and more consistent jet formation. For liquids with lower density, flow
velocity within outlet channel is higher, while flow structure is characterized by smoother velocity
redistribution.

In the case of nozzles with small outlet opening, significant increase in flow velocity within material
outlet zone is observed, which is accompanied by formation of local regions of intensive medium
acceleration. For more dense liquids, increase in velocity distribution nonuniformity and growth of internal
hydrodynamic resistance zones within nozzle flow section are characteristic.

Conclusions. As a result of conducted investigations, it has been established that nozzle geometric
parameters significantly affect building mortar outflow behavior, flow velocity distribution, and outlet jet
formation conditions. It has been determined that reduction of outlet opening dimensions is accompanied
by increase in local flow velocity and growth of hydrodynamic resistance within nozzle flow section.

It has been established that liquids with higher density are characterized by increased velocity
distribution nonuniformity and growth of internal medium motion resistance during passage through outlet
channel. Obtained analytical relations can be used for substantiation of rational geometric parameters of
nozzles intended for supply and application of building mixtures considering physical-mechanical
properties of working medium.
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AHOTAILIA. YV pobomi npogedeno meopemuune 0OIPYHMYBAHHSA MA PO3POONIEHO NPAKMUYUHI peKOMeHOayii
w000 MoOepHizayii pobouux opeanie Mano2adbapumHoi mexuiKy 3 Memow niO8UWEHHS eeKMUBHOCHI PO3POOKU
MiyHux ma mep3aux rpyumis. OCHOGHY y6acy NpUoileHO eKCHAYAmAayii MAuwuH 6 yMo8ax 00MenHceno20 poboyozo
npocmopy, 30Kpema 8 mevxicax 0o’ €exmis 1aHouaghmuoi apximexmypu, napKo8ux 301 ma WilbHoi Micbkoi 3a6y00861,
0e BUKOPUCMAHHSL BAXNCKOL CHEYMEXHIKU € HEMONCIUBUM. 3aNPONOHOBAHO KOHCMPYKYIHO KOMOIHOBAHO20 pOHOU020
opaany, wo NOEOHYE CMAHOAPMHULL KigWl i3 iHMe2posanuM pomayitiHum posnyuiyeadem. Taxe piwenHs 0036015€
peanizyeamu NPUHYUN aKmMugHo20 poboy02o 0peana, 3abe3neyyiouy NONEePeOne PYUHY8anHs IPYHmMo8o2o macusy. Lle
€ KPUMUYHO 8ANCTUBUM OJ15L MIHI-HABAHMAICYBAYIB 3 0OMENCEHOK 3UINHOK MACOI, OCKIIbKU 3anodieae OYKCY8aHHIO
KOJiC ma niosuuye 3a2anbiy nPoOYKMUEHICIMb MEXHON02TUH020 Yukny. Onucano oHOGIeHy cxemy poboyo2o YUKy,
SKA CKAA0AEMbCS 3 eMANi8 NONEPeOHbO20 PO3NYULEHHS, HOBEPHEHHS Y GUXIOHY NO3UYII0 Ma HAOOpY Mamepiany.

Knrwouosi_cnosa: mini-nasanmasicysay; pooouuti opean, pomayiiHutl po3nyulysay, eHepeoeMHiCmb, ms2oee
3YCUNIA..

Beryn. CywacHi TeHIeHLIi B ramy3i JOpOKHbOro OyIIBHULTBA Ta KOMYHaJbHOI 1H(pacTpykTypu
BKAa3ylOTh Ha 3pOCTAIOUy pOJb ManorabapuTHOI TexHikd. MiHi-HaBaHTaXyBadi, 3aBISKU CBOIH
MaHEBpPEHOCTI, CTaJ I He3aMIHHUMH B YMOBaX IUJIbHOI 3a0y/T0BH, MPOTE iXHs €(PEKTHUBHICTH CTPIMKO I1aJ1a€
OpU 3yCTpidi 3 MIHUMH a00 Mep3JuMH IpyHTaMu. OCHOBHOIO NEPELIKOJIOI € OOMEeXeHa 34illHa Maca
MAIlIMHH, 5IKa HE JO3BOJISIE PO3BUHYTH HEOOX1THE 3yCHILIS BIIPOBADKEHHS TS OAOJIAHHS OTIOPY Pi3aHHIO.

Tpagumiiini migxoau 10 BUpilIeHHs IIi€i mpobiieMu mepeadayaroTh BHUKOPUCTAHHS 3MIHHOTO
oOaJHaHHS, TAKOTO SIK T1IPOMOJIOTH abo (pe3u, MpoTe 1ie MOTpedye YacToi 3aMiHU POOOUYHMX OpraHiB Ta
MEepEepUBaHHS TEXHOJIOTIYHOTO LHUKIY. AJBTEpPHATUBHUM 1 MEPCHEKTUBHUM IUIAXOM € CTBOPEHHS
KOMOIHOBaHHUX POOOYMX OpraHiB, sIKi MOETHYIOTh ITACUBHE Pi3aHHsS KOBLIEM 13 aKTUBHUM MEXaHIYHUM
BIUTMBOM poTaiiiHoro tumy. Lle 1o3Bosisie 3/iCHIOBATH TONIEPEIHE PYWHYBAHHS MAacHBY, IO 3HAYHO
po3MKpIOe PYHKIIOHATBHUI Jiana30H TeXHIKH.

AHaJi3 JiTepaTypHHX JuKepes. MexaHika B3aeMo/iii poO0YMX OpraHiB i3 IPyHTOBHM CEPEIOBUIIEM
€ TPEeIMETOM TIIMOOKHUX JOCIIHKEHh 0araTboX HAYKOBHX MIKUI. DyHIaMEHTAIbHI PO3paxyHKH 3yCHIIb
KomaHHS Ta GopMyBaHHS MpU3MU BOJOYiHHA.[1, 2]. OcobnuBe 3HaUEHHS MAlOTh METOJM iHTEeHCHU(IKaIil
PO3po0OKM I'PYHTIB yepe3 BiOpalliiiHi Ta yaapHi BIUIUBH. [2].

CyuacHi migxoau no apromarm3anii Ta migsuiieHHs KK/ rigpompuBoaiB OyAiBeNIbHHX MAaIlUH
JOCIIJKYBAJIM, HAroJIOIIYIOUYM Ha BAKJIMBOCTI aJaNTHBHOIO KepyBaHHS mnoTokamu eneprii [3]. VY
KOHTEKCTI MaJIorabapuTHOI TEXHIKH B)KJIMBO BPaXOBYBATH JMHAMIKY CTIHKOCTI, SKY JI€TATILHO aHATI3Yy€E
Wong J. Y. [7], Ta npUHIUIM MEHEIKMEHTY TeXHIUYHOro mapky, suxiaaeHi Harris F. [6]. Oxpim Toro,
MUTAHHS TEOpii pi3aHHsS TIPYHTIB 1 3HOCOCTIMKOCTI pi3ajibHUX €JIEMEHTIB MIAHIMAIOTHCS B HAYKOBHUX
poboTax, e 0yino J0BeIeHO MepeBary AMHAMIYHOTO CKOJIFOBAHHS HaJl CTAaTUYHHUM 3CYBOM IIPH PO3poOLi
MIITHUX cepenoBuIl [S].

Meta po6otu. [ligBumieHHss epeKTUBHOCTI POOOTH MiHI-HABAaHTaXXyBadiB y CKIAJHUX IPYHTOBUX
yMOBaxX LUIAXOM MOJEpHi3allii KOHCTPYKIIi KOBIIA Ta BIPOBAUKEHHS POTALIHHOTO PO3IMyIlIyBaya JUIs
3HIKEHHS] €HEPrOEMHOCTI BUKOHAHHS Oy 1IBETbHUX POOIT.
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