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The vibration-extrusion method of making fibro concrete products takes into account the features of disperse
reinforcement, eliminates the lacing or destruction of the fibers during mixing and forming, increases the efficiency of
using fibers due to the possibility of their orientation in the product, reduces the water-cement ratio in the composition,
increases the density of the final product, etc.

The proposed method for describing isothermal laminar stable flow of incompressible Newtonian fluid in converging
pyramidal channels of square cross-section, which allows to make calculations of a feeder solution vibro-extrusion plant.

In considering the process, a phenomenological approach that takes a cement-sand solution, as a homogeneous
isotropic medium, whose structure is limited to general warnings, is used. Due to the fact that such solution in the
vibration field behaves like a liquid, the hydrodynamic theories are the most suitable for describing the process. It is
taken into account that in the conditions of vibration created by standard vibrators, the solution is a pseudo Newtonian
system. The flood is carried out under the action of hydrostatic pressure of the mass as a result of thixotropic reduction
of the viscosity of the cement-sandy solution.

To improve the formation of a thin layer of solution, device-feeder designs have been proposed that exclude the
formation of stagnant zones and provide for obtaining the harnesses of a cement-sandy solution with stable shape and
quality. The delivery of the solution to the conveyor at the same time is carried out through the square cross-sectional
convergent channels. There are no analytical formulas for describing the flow in such channels.

The introduction of the proposed and proposed method in the calculation of the isothermal laminar stable flow of
incompressible Newtonian fluid allows us to estimate the various hydrodynamic processes in pyramidal channels at low
values of the Reynolds number when there are no so-called «creeping currents». This just happens during the flow of
cement-sand solution in the channels of the feeder-feeder vibro-extrusion plant.
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AHaJIi3 IVIHHY EMEHTHO-MIAHOT0 PO3YHMHY IPHU BiOpPOeKCTPY3iiHOMY
cnoco0i BUrorosJjieHHs GidOpodeTOHHUX BHPOOiB

[.A. Angapees, K.O. CmipHoBa

Hayionanonuti mexuiunuti ynisepcumem Yipainu « Kuigcoxutl norimexuivnui incmumymy, Kuis, Yxpaina

3anpornoHOBaHMi METO] OMHUCY 130TEPMIYHOTO JIAMIHAPHOTO YCTAJICHOTO IJIMHY HECTUCIUBOI HBIOTOHIBCHKOI PiJ-
HH y 30DKHUX IipaMiJaJbHUX KaHajlaX KBaJPaTHOIO MOMEPEYHOro nepepisy, SIKUi J03BOJIsIE 311HCHIOBATH PO3PaxXyHKH
J103aTOpa-KMBUIbHUKA PO3UMHY BiIOPOCKCTPY3iHHOT YCTaHOBKH.

st BnockoHaseHHst (GopMyBaHHsI TOHKOTO LIapy po34rHY Oy 3alpONOHOBaHI KOHCTPYKIIIT 103aTOPiB-)KUBUIIbHH-
KiB, SIKI BUKJIIOUQIOTh YTBOPEHHsI 3aCTIHUX 30H 1 3a0€3MeuyI0Th OTPUMaHHS JUKIYTiB IEMEHTHO-IIIAHOTO PO3YUHY 31
crabinpHuMu Gopmoro 1 sikicTro. [Tomaya po3unHy Ha TPAaHCHIOPTEp MPH [[bOMY 3[IHCHIOETHCS Yepe3 KBaparHi y rore-
pedHOMY Tiepepi3i 301kKHI KaHaIU. AHATITHYHUX (HOPMYIT JIJIsI ONIUCY TUIMHY Y TAKUX KaHajax He iCHYE.
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Beryn

Bibpoekctpysiiinuii crioci6 BUroTtoBneHHst ¢idpo-
0eTOHHMX BHPOOIB BpaxoBye OCOOIMBOCTI JTUCIIEPCHO-
T0 apMyBaHHS, BUKJIIOUA€E IPY/IKyBaHHs UM PyHHYBaHHS
¢$i6p npu 3milyBaHHI 1 pOpMyBaHHI, HiBUILYE edek-
TUBHICTh BUKOpPHCTaHHS (hi0p 3a paxyHOK MOMKJIMBOCTI
iX opieHTyBaHHS y BHpOOi, 3MEHIIY€e BOJOLEMEHTHE
CHIBBIJHOIICHHS Y KOMIIO3UIIi1, MiBUIIY€E NIIHHICTH
KIiHIIEBOTO MPOAYKTY i T. iH.

OcoOnuBuii BIUIMB Ha (Di3UKO-MEXaHIYHI BIIACTH-
BOCTI 1 30BHIIIHIN BUIIIsAA (POPMOBAaHUX BUPOOIB Mae
MpOLIEC 3MIIIyBaHHs KOMIIOHEHTIB CyMIllli, IPH SIKOMY
3aKJIaJal0ThC OCHOBHM MaiOyTHBOI cTpykTypu. ['apHe
3MilllyBaHHs Oyne OcAraTHCs 32 YMOBH MaKpOOJHO-
pimHOCTI cymii, oo y BiOpoekcTpys3iiHil TexHomoril
3a0e3MeuyeThcsl PO3MOAIOM 1 3MOYyBaHHAM (iOp y
TOHKOMY IlIapi EMEHTHO-IIIaHOTO PO3YMHY Oe3mnoce-
PEIHBO Tepe]t 3MILTyBaHHSM.

ITocTanoBka 3amaui

ToHKMit map HEeMEHTHO-IIIIIaHOTO PO34YHHY NPH Bi-
OpoeKcTpy3ii OTPUMYIOTH 32 JIOTIOMOTOIO J103aTOPa->KH-
BWIbHMKA. HemoiikoM 3acTocyBaHHS TpaauLiiHOTO
oOnaiHaHHS € YTBOPEHHS «3aCTIHHHMX» 30H BCEpPEIUHI
OyHKepa /103aTOpa-)KUBHJIBHUKA, IO IMPU3BOIMTH JIO
HaKOMMYyBaHHs B IIX 30HAX 3aTBEPALIMX IPYHOK PO3-
YHHY, SIKi IPU TPUBAJIH poOOTI yCKIIQJHIOOTE (GopMy-
BaHHS JDKT'YTIB PO3YHMHY 31 cTabLIbHOIO GOPMOIO i 110-
TipIIYIOTH SIKICTh PO3UUHY TIPH MONAAaHHI IUX IPYIOK
y TOHKHH PO3YMHHUI HIap.

Jnst BoockoHaseHHs (OpMyBaHHsSI TOHKOTO LIapy
po3urHy OyJiM 3aIlporOHOBaHI KOHCTPYKLIi /03aro-
PIB-KMBWJIBHUKIB, SIKi BUKJIIOYAIOTh YTBOPEHHS 3a-
CTIHHMX 30H 1 3a0€3MEUYyIOTh OTPUMAHHS JKTYTIB IIe-
MEHTHO-IIIIIIAHOTO PO3YHMHY 31 CTa0UTBHUMH (HOPMOIO i
skictio [1, 2]. Tlogadya po3yrHy Ha TPAaHCHOPTEP MPHU
LIbOMY 3/1iIHCHIOETBCS Uepe3 KBaJpaTHi y HONEPEIYHOMY
nepepisi 30DKHI KaHaIM. AHATITHYHUX (OPMYIN JUIs
OINCY IUIMHY Y TaKUX KaHajax He iCHYE.

Mertoto poOOTH € ONHUC TPOLECY IUIMHY LEMEHT-
HO-TIIIAHOTO PO3YHMHY Y HipaMiJaJbHOMY KaHali, IO
3BYXYETBCSI Y KBaJpaTHOMY 1 MOINEPEYHOMY Iepepisi,
J103aTOpa-KMBUIIbHIKA BIOPOEKCTPY3iHHOT yCTaHOBKH.

Marepiajin Ta MeTOIM TOCTiIKEHHSI

[Mpu po3misai mporecy BUKOPHCTOBYETHCS (DEHO-
MEHOJIOTIYHHMHA MiAXiJ, SKHA MpUAMAaE [EMCHTHO-III-
IIAHUH PO3YHH, K OJHOPIIHE i30TPOIHE CEPEIOBHUIIIE,
PO CTPYKTYPY SKOTO POOJISATHCS JIMIIE 3arajibHi 3acTe-
pexxenHs. Uepes Te, 1110 Takuid po34MH y BiOpauiiHOMy
MOJI TOBOJMTHCS SIK PiIMHA, HAHOLIBLI MPUAATHUMH
JUIl OIMCY TpoLecy € TiapoanHamMiuHi Teopii. Bpa-

Texuonorii

XOBYETBCA, IO B yMOBaxX BiOparii, Ska CTBOPIOETHCS
CTaHIApTHUMH BiOpaTopaMu, PO3YHH SBISE COOOIO
TICEBIOHBIOTOHIBCHKY cHcTeMy. [ImHH 3IiHCHIOETHCS
Mg €0 TiIAPOCTaTHYHOTO THCKY MAacH B pe3yibTari
THKCOTPOIIHOI'O 3MEHIICHHS B’SI3KOCTI IIEMEHTHO-IIi-
IIAHOTO PO3YHHY.

BBakaeTbcst, oo B mpoleci poOOTH BHCOTA Iapy
CyMIIlIi y KaHaJax J03aTOpa-)KUBWIBHUKA MiATPUMY-
€TBHCS TTOCTIHHOIO.

Bimoma ¢opmyma (1), o omucye IinH HHIOTOHIB-
CBKOI PIIWHY Y MPSIMOKYTHOMY KaHaJli MOCTIHHOTO TOo-
MepEeYHOT0 Tepepisy 3i croponamu W i H y HanpsiMkax
X 1y (IpAMOKYTHI KOOpIUHATH (X, Y, Z)) [3].

n=l,

1 oply 4H2 S 1 [nﬂy 1
= Py _H)+ LI LA N R
Uz P a 2(y Z n3 A Ch[nﬂ‘\N] ( )

Iie P — TUCK, [la; y — muHaAMIYHAN KOe(ilieHT B’A3KO-
cri, Iac.

3acrocoBytoun piBHSIHHSA (1) MOXKHA 3HAHTH BUTpa-
Ty HBIOTOHIBCBHKOI PIIMHU Y TIPSIMOKYTHOMY KaHalli:

3BIOKH:
P_ Ho )
0z wH 16H4 i o nW
12 = n 2H

n=L,3,...

PozpaxyHkoBa cxema Ipoliecy IUIMHY HEMEHTHO-Ti-
IIaHOTO PO3YMHY B KaHAJl J103aTOpa-KMBUIbHUKA Ha-
BeJieHa Ha puc. 1.

Jnist 3pydHOCTI PO3paxyHKY MOYaTOK MPSMOKYTHHX
KoopawHAT (X', y', Z', ), Ha BiOAMIHY Bi PO3DISIHYTOTO
BUIIIEC BHUIAIKY, BUOPAHO y IICHTPi OCHOBH 3pi3aHo] IIi-
pamian. Jlns po3paxyHKy HIBUIKOCTI i, y TipaMifalib-
HOMY KaHaJi 3a JOomoMororw ¢gopmynn (1) mo3Haanmo

x'=x- V% Yy =y— V% . Toxi B cuctemi KOOpaHHAT
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Puc. 1. Po3paxyHKoBa cxema Ipoliecy IUNTMHY pO34HHY Y MipaMigaJbHOMY KaHai

x',y', ', po3MoALI IBUIKOCTI U, y IOTOYHOMY KBajpar-
HOMY IIONIEPEYHOMY Iepepi3i mipaMigaabHOro KaHary
MOJKHA 3aITHCATH Y BUTIISI:

yr i
LT a4
2

3 L A3 ) )

n=13,.. 1 H ch nv
2H

VY dopmymi (3) W=H — mOoTOYHI CTOPOHH OCHOBH TIi-
paMiaTbHOTO KaHAIY.
[IpuiiMaemo, O B eIeMEHTapHOMY 00’€Mi BHCO-

. 4H?
z u oz Pt

Tor0 Az (0<z< L), ap/ 5z € CTAJO0 1 OOYMCIIOETHCS 32
hopmymoro (2), a L € BHCOTOO CTOBIIA CYMIIIi B KaHATI.

CTopoHM eNeMEeHTapHOTO KBaApaTHOTO Iepepi-
3y OOYHCIIOIOThCA 3 JONOMOTOI0 ITOTOYHUX 3HAYEHb
KoopmuHar z, = z,, + Az (i =1,2,..) 3a Qopmynoro
W=H-= 2(L -z )tg(p +W, , ne W,— CTOpoHa MEHIIO1
OCHOBH MipaMiaJbHOTO KaHAILY, M; ¢ — KyT HaXWIIy BHU-
COTH KaHaJy A0 OiYHOI rpaHi, Tpaf.

Pe3yabTaTu Ta ix 00roBopeHHs
Pospaxynok 3a ¢opmynoro (3) 3 ypaxyBaHHSIM Ha-

BEJICHUX IIPHUIYILEHb J03BOJISIE OL[IHUTH NPOLEC IUIH-
Hy [EMEHTHO-IIIIIaHOTO PO3YHHY y 30DKHOMY mipami-

KEPAMIKA: HaykKa i )XuUTTA

JIAIbHOMY KaHalli 103aTopa-KUBHIbHUKA BIOPOCKCTPY-
31ifHOi ycTaHOBKHM. [y BU3HA4YEHHs XapakTepy 3MiHU
CKJ1a/10BOi HIBHAKOCTI IUIMHY i, TIO Tepepisy KaHamy
JI03aTopa-KUBWIBHUKAa Oylo po3poliieHa mporpama
pO3paxyHKy Ha KOMIT'IOTepi. Pe3ynbTari BHKOHAaHHS
PO3paxyHKy HaBeJCHI Ha puc. 2.

Ha puc. 2 mo3nadveni: u, — MakCUMaabHa IIBHU[I-
KICTh MJIMHY HBIOTOHIBCHKOT PiTMHU B IIEHTPi KaHa-
ay, M/c.

Po3monin mBuakocTed Oy10 OTPUMAaHO HA BHXO.I
3 kaHajy Bucotoiro L = 0,25 M 3i CTOPOHOI0 MEHIIOT
OCHOBH TlipamifanbHoro kanany W, = 0,06 m npu KyTi
Haxuiy O1YHOI rpaHi MipamifanbHOTrO KaHATY 10 BEPTH-
kaui ¢ =30° i Butpari Q =210 m*/c.

BucHoBkn

BripoBajpkeHHST 3aIIpOITIOHOBAHOTO 1 HABEIECHOTO y
CTaTTi METONy pO3paxyHKy i30TepMidHOI JIaMiHapHOI
yCTaJIeHOI Tedii HECTUCIMBOI HBIOTOHIBCHKOI PiIWHU
JTO3BOJISIE OLIHUTH PI3HOMAHITHI TiIpOTUHAMIYHI IIPO-
LIECH Y MipaMiadbHUX KaHallaX NMPH HU3bKUX 3HAa4YeH-
HX yncia PeliHonb/ca, KOMM HE BUHUKAIOTH TaK 3BaHi
«moB3y4i Teuii». Lle sikpa3 BimOyBaeThCsl NP IUIHHI
LIEMEHTHO-IIII[AHOTO PO3YMHY B KaHaJIaX J03aTopa->KHu-
BWJIbHHKA BIOPOEKCTPY3iiiHOT yCTaHOBKH.
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Puc. 2. Po3nonin BifHOCHUX MIBUAKOCTEH 2 / Uy, 1A ONHAKOBIIH BincTaHi / » Bil mapu miockux nosepxons (1)

i 10 jiaroHanti (2) mipaMigaibHOTO KaHaay KBaJpaTHOTO MOMEPEYHOTO epepizy
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