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for mixing equipment.
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ABSTRACT. The study considers features of construction mixture preparation and transport processes in
mixing feeding equipment combining a forced action mixer and a screw conveying unit. The influence of physical
mechanical and rheological properties of construction mixtures with varying consistency on mixing and subsequent
transport conditions is analyzed. It is shown that efficiency of the technological process depends on coordination
between working body design parameters, operating modes, and movement conditions of the mixture within the mixer
working volume and conveying channel.

Analytical relationships describing construction mixture particle movement under blade working body action,
circulation flow formation within the mixing chamber, and subsequent axial movement of the prepared mixture by
the screw conveying unit are presented. The obtained relationships consider the influence of working body kinematic
parameters, blade geometry, screw helix parameters, and mixture viscosity on mixing and transport conditions within
a unified technological process. The presented results can be used for justification of rational design and operating
parameters for construction mixture preparation and transport equipment.

Keywords: construction mixture, forced action mixer, screw conveying unit, mixing, transport, working body,
technological process, construction equipment.

Introduction. Construction mixture preparation and delivery processes are an important component
of modern construction, since they determine material technological property formation conditions and
efficiency of construction and finishing operations. Construction and finishing operation quality largely
depend on mixture homogeneity, preservation of structural mechanical characteristics, and continuous
material delivery to the application location. Accordingly, improvement of mixing equipment capable of
ensuring intensive component mixing with minimal energy consumption and coordination between mixture
preparation and transport parameters within a unified technological process becomes especially important.

Construction mixtures, depending on liquid phase content and physical mechanical properties, can
exhibit different mobility, internal friction, and component cohesion, which directly influence mixing
conditions and subsequent movement within technological channels. Under such conditions, equipment
operation efficiency is determined not only by mixing body design parameters but also by coordination
between conveying device operating modes and medium properties. A promising direction for
technological system efficiency improvement involves application of universal mixing feeding units in
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which construction mixture preparation and transport processes are integrated within a single design
complex.

Analysis of recent research and publications. Sources [1, 2] consider general issues related to
influence of rheological and structural mechanical properties of construction mixtures on preparation and
subsequent transport processes. It is shown that mixture consistency variation significantly influences
motion character within mixer working volume and conveying channels. Studies [3, 4] present approaches
to efficiency evaluation for construction mortar and concrete mixture mixing considering working body
design parameters and operating modes.

Research objective. Determination of rational design and operating parameters for construction
mixture preparation equipment considering intensive component mixing conditions, coordination of mixing
and screw transport processes, and efficient equipment operation with mixtures of varying consistency.

Main part. Equipment combining a forced action mixer and a screw conveying unit is considered for
investigation of construction mixture preparation and transport processes. Component mixing is performed
by blade working bodies within mixer working volume, after which the prepared mixture enters the screw
assembly for subsequent transport to the unloading location.

During forced action mixer operation, blade working bodies form complex spatial movement of the
construction mixture within the mixing chamber. Material movement is accompanied by circulation flow
formation, mutual component displacement, and shear deformation occurrence within mixture working
volume. Character of such motion is determined by working body kinematic parameters, blade geometry,
and physical mechanical properties of the mixed medium.

Construction mixture particle movement within forced action mixer working volume occurs under
action of blade working bodies forming material circulation flows within the mixing chamber. Linear
velocity of mixture particle movement is determined by the following relation

v, =w-R, (1)

where v, — linear velocity of mixture particle movement, m/s;

@ — working body angular velocity, rad/s;

R — blade rotation radius, m.

Increased working body angular velocity is accompanied by higher mixture component motion
intensity and acceleration of mutual displacement process within mixer working volume. At the same time,
blade rotation radius determines particle motion trajectory and influences circulation flow formation
character within the mixing chamber. Rational combination of these parameters ensures intensive mixture
mixing without stagnant zone formation within working volume.

Circulation movement intensity of the mixture within forced action mixer working volume depends
on working body angular velocity, blade rotation radius, blade quantity, geometric shape, and mixing
chamber fill level. The following relation can be used for generalized evaluation of this process

I,=w-R-z, -k, k_, (2)
where /, — conditional circulation movement intensity indicator for the mixture within mixer working
volume;

z, —working body blade quantity;

k, — coefficient considering blade shape and inclination angle;

k, —mixing chamber fill factor.

Increased blade quantity and variation of geometric parameters promote higher mixture circulation
movement intensity and improved conditions for mutual component displacement. At the same time,
mixing chamber fill level substantially influences medium motion character and efficiency of homogeneous
mixture structure formation. For dry mixtures, repeated particle cascading within working volume is
decisive, whereas for plastic media formation of shear deformations and forced material movement under
action of working bodies become especially important.

For dry construction mixtures, the mixing process is mainly accompanied by repeated component
cascading within mixer working volume under action of blade working bodies. Under such conditions,
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homogeneous mixture structure formation intensity is determined by particle circulation movement
frequency and uniformity of displacement between separate mixing chamber zones. For semi dry mixtures,
destruction of local structural contacts between material particles and ensuring uniform moisture
distribution within medium volume become especially important. In the case of plastic construction
mixtures, the mixing process is characterized by occurrence of significant shear deformations and increased
internal resistance to material motion, requiring forced medium displacement throughout the entire mixer
working volume.

During mixer operation, separate construction mixture motion zones are formed within working
volume, characterized by different material displacement intensities. The most active mixing occurs in the
region of direct blade working body action, where maximum particle motion velocities and medium shear
deformations arise. At the same time, zones with reduced circulation movement intensity can form in
peripheral mixing chamber regions, negatively influencing uniformity of mixture component distribution.
Increased working body rotation speed and rational selection of blade geometry parameters promote
expansion of active mixing zones and improvement of conditions for mutual displacement of material
components.

After completion of the mixing process, the prepared mixture enters the screw conveying unit, where
movement occurs along the conveying channel axis through rotational motion of the screw surface. Axial
mixture movement velocity is determined by the following relation

v=w-R-cosa, 3)

where v — mixture movement velocity along the screw axis, m/s;

a — screw helix angle.

Variation of the screw helix angle influences axial mixture movement velocity and conditions of
interaction with conveying channel walls. Increased screw rotation speed raises material movement
intensity, however excessive increase of kinematic parameters can be accompanied by higher internal
friction and nonuniform mixture movement within the conveying channel.

During subsequent construction mixture transport by a screw conveying unit, material motion
character is determined not only by screw rotation speed but also by geometric parameters. Important
influence on mixture movement conditions is exerted by screw diameter, screw surface pitch, and screw
helix angle. Increased screw pitch raises axial material motion velocity, however conditions of mixture
retention within interflight space can deteriorate together with higher nonuniformity of movement through
the conveying channel.

For plastic and semi dry mixtures, interaction between the material, conveying channel walls, and
screw surface becomes especially important. Increased medium internal friction is accompanied by higher
resistance to mixture movement and increased shear stresses within the flow. Under such conditions,
coordination between mixing and transport parameters becomes important, since insufficient component
mixing can lead to mixture structure nonuniformity, local compaction formation within the conveying
channel, and deterioration of material movement conditions during delivery to the unloading location.

The following relation is used for evaluation of construction mixture movement conditions within the
conveying channel

— )
dr

where 7 — shear stress within the mixture flow, Pa;

7, —yield shear stress, Pa;

u — dynamic mixture viscosity, Pa-s.

The presented analytical relationships enable evaluation of construction mixture movement features
within forced action mixer working volume and during subsequent transport by a screw conveying unit.
The obtained relationships consider influence of working body design and kinematic parameters on mixing
and mixture movement conditions within a unified technological process.

Conclusions. Results of the performed study established that construction mixture preparation
equipment efficiency largely depends on coordination between material mixing and transport process
parameters. It was determined that forced action mixer application ensures intensive component movement
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within working volume and creates conditions for homogeneous mixture structure formation during
operation with materials of varying consistency.

It was established that subsequent transport of the prepared mixture by a screw conveying unit enables
continuity of the technological process and coordinated material movement to the unloading location. The
presented analytical relationships can be used for justification of rational design and operating parameters
for construction mixture preparation and transport equipment.
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AHOTALIA. Po3senanymo npobnemy eHepeoeQexmueHoi CUHXPOHIZayii MOOLIbHUX A8MOHOMHUX Odicepei
JHcuenents 3 6y0ieenbHOI0 MEXHIKOW, WO NPayioe Ha 8iOHOBNI08ANUX Odcepenax eHepeii. Ilokazano, wjo noxuoxu
$az06020 y32000iCeHHs MIIC THGEPMOPOM | HABAHMAIICEHHAM NPUBO0AMb 00 3POCHAHHS YUPKYIIOIOUUX CIMPYMIS,
000amMKOBUX KOMYMAYILHUX 6Mpam ma 3HUMICeHHs KoeQiyienma nomysxcrnocmi. 3anponoHo8aHo KOONEpamueHy
apximexkmypy KepyeanHs 3 a0anmueHuM pecyio8antsIM eipmyansHoi inepyii, sxa y32009icye pobomy odcepena ma
CnoJcu8a1a 00 HACMAaKHs nepexioHux pexcumis. Ha ocnosi mamemamuunux cniggiOHOUIEHb [ NOPIGHANLHO20 AHALIZY
poOOU020 YUKy 8CIMAHOBIEHO 3MEHUIeHH 6mpam iHEepmopa, CKOPOUEHHS GUMPAmMu NAanuea ma nioGUUjeHHs
sazanvrozo KKJ[ cucmemu. Ompumani pe3yrbmamu niOmeepodICyroms OOYilbHICMb  iHme2payii npoyecis
CUHXPOHIZayii ma eHepeomeHedHCMeHmY OJisk MOOITbHUX 2iOPUOHUX eHePeOCUCTHEM. .

Kniouosi _cnosa: enepzoepexmugnicmo; CcuHxpouizayis, MoOIIbHI Odicepena JICUBIeHHs, IHEepmop;
8IipmMyanvHa iHepyisn, MIKpomepedica, 8i0H08II08AHT Odxcepena enepeii; 0y0iselbHa MEeXHIKA;, 8Mmpamu HOMYHCHOCHI.

Beryn. I'moGanbna OypiBenbHa raiy3p IepeOyBae Ha IE€pPEeJOMHOMY €Talli: BOHAa BiAyyBae
3pOCTaIbHUHN TUCK ITO/I0 IeKapOOHi3allii Ta BIIMOBH BiJl BUKOIMHOTO NauBa [ 1, 2]. 3HauyHy 4acTKy BUKHU/IIB
Ha MaillaH4YnMKax CTBOPIOIOTh JU3€NIbHI F€HepaToOpH, SKi KHUBJIATH OAlITOBI KPaHU, IHCTPYMEHTH Ta 1HIIE
oOmagHanHs. IHTerpanis BimHOBMIOBaHUX JpKepen eneprii (BJIE) € mepcnexkTHBHMM pillleHHSM, TPOTE
MOOUTBHICTh OYyIIBEIbHUX MaiJTaHYMKIB Ta HECTAOUIBbHICTh COHSYHOI Ta BITPOBOI €HEPrii CTBOPIOIOTH
cepiio3Hi TexHiuHi TpyxaHomli. KimrodoBa mpoOnema — edeKTHBHA CHHXPOHI3allis MOOUIBHUX JKepeln
xuBieHHs (BESS, namuBHux reneparopiB) 3 oOnannanHsM Ha BJIE. be3 TouHOi cunxponizarii
HOTIpUIYEThCA SKICTh €NEKTPOSHEPTii, BUHUKAIOTh 3001 TEXHIKM Ta BTpAaTU €HEprii

AHaji3 JgiteparypHux xkepes. OOnacTh CHHXPOHI3AIil PI3HOPIHHUX JDKEpeN eHeprii goope
JOCITIJDKEHA ISl CTaIllOHapHUX MiKpoMmepexK. KITFoUoBMM JOCSATHEHHSM € KOHIEMIliS BipTyaJabHOTO
cuaxpoHHoro rexeparopa (VSG), ska n03Bojsie iHBEpTOpHUM kepenaMm (3okpemMa GFM-inBepTopam)
eMYJIIOBATH 1HEPIII0 TPAJUIIIHIUX CUHXPOHHUX TeHeparopiB. lle KpUTHYHO Ba)KIMBO AJS CTAOLILHOTO
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